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Ov. for prophyl xis. 
Once daily for cure. 


The prophylactic dose of ROCEPHIN is also the daily therapeutic 
dose. ROCEPHIN, 1 gm given once prior to surgery,* provides 
effective prophylaxis against infection and is on board throughout 
the perioperative period—even if surgery is delayed or prolonged. 


And ROCEPHIN, 1 gm given once a day, is the therapeutic dosage 
for the following common postsurgical infections: respiratory 
tract or skin/skin structure infections due to Staphylococcus aureus, 
Klebsiella pneumoniae and Proteus mirabilis; urinary tract infections 
due to Escherichia coli, K. pneumoniae and P mirabilis. 


Efficacy, economy and ease. ROCEPHIN: 1 gm once for prophylaxis, 
once daily for cure. 


Once-a-day 
Rocephimn.. 


ceftriaxone sodium/Roche 


As with any cephalosporin, there exists the possibility of hypersensitivity reactions, 
especially in individuals with a history of sensitivity. 


In contaminated or potentially contaminated Please see adjacent page for summary of product informat 
i minal 


© 1989 by Hoffmann-La Roche Inc. 
reserved. 


All rights 
oper. 
leg., coronary artery 


serious risk (eg., 
graft [CABG] surgery). 









IONS AND USAGE: Rocephin is indicated for the treatment of the following infections when 
sed by susceptible organisms: 

IER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Streptococcus spe- 
(excludingenterococci), Staph. aureus, H. influenzae, H. parainfluenzae, Klebsiella species 
ing K. pneumoniae), E. coli, E. aerogenes, Proteus mirabilis and Serratia marcescens. 


/ N AND. SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph. epiderrnidis, Strep- 
| species (excluding enterococci), E. cloacae, Klebsiella species (including X. pneumo- 
), Proteus mirabilis and Pseudomonas aeruginosa. 


" INARY TRACT INFECTIONS (complicated and uncomplicated) caused by E. coli, Proteus mir- 
is, Proteus vulgaris, M. morganii and Klebsiella species (including K. pneumoniae). 


INCOMPLICATED GONORRHEA (cervicallurethral and rectal) caused by Neisseria gonor- 
Mhoeae, including both penicillinase and nonpanicillinase producing strains. 


—ELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 
ACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae, E. coli, H. influenzae and 
, pneumoniae. 


ONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Streptococcus 
ies (excluding enterococci), E. coli, P. mirabilis, K. pneumoniae and Enterobacter species. 


WTRA-ABDOMINAL INFECTIONS caused by £. coli and K. pneumoniae. 


ENINGITIS caused by H. influenzae, N, meningitidis and Strep. pneumoniae. Ceftriaxone has 
= been used successfully in a limited number of cases of meningitis and shunt infections 
"aused oy Stap^ epidermidis and E. coli. 
RGICAL PROPHYLAXIS: Preoperative adm nistration of a single 1 gm dose may reduce inci- 
e of postoperative infections in patients undergoing surgical procedures classified as con- 
ted or potentially contaminated (e.g., vaginal or abdominal hysterectomy) and in those for 
infection at the operative site presents serious risk (e.g., during coronary artery bypass 
-.rgery) 
though ceftriaxone has been shown to have been as effective as 
azolir in the prevention of infection following coronary artery by- 
surgery, noolacebo-controlled trials have been conducted to 
luate any cephalosporin antibiotic in the prevention of infection 
lowing coronasy artery bypass surgery. When administered be- 
re indicated surgical procedures, a single 1 gm dose provides 
tion from most infections due to suscep'ible organisms for 
ation of procedure. 
SCEFTIBILITY TESTING: Before instituting treatment with 
phin, approoriate specimens should be obtained for isolation 
he causative osganism and for determination of its susceptibil- 
the drug. Therapy may be instituted prior to obtaining results 
ptibility testing. 
: Rocephin is contraindicated in patients with 
allergy to ne cephalosporin class of antibiotics. 


BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, 
EFUL INQUIRY SHOULD BE MADE TO DETERMINE WHETH- 
HE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY RE- 
IONS TO CEPHALOSPORINS, PENICIL_INS OR OTHER 

. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO 
ICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
MINISTERED"WITH CAUTION TO ANY PATIENT WHO HAS 
TED SOME FORM OF ALLERGY, PARTICULARLY TO 
. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY 
EQUIRE THE USE OF SUBCUTANEOUS EPINEPHRINE AND 
THER EMERGENCY MEASURES. 


nb ; colitis, reported with nearly all antibacterial agents, including ceftriaxone, may 
in severity from mild to life-threatening. Therefore, consider this diagnosis in patients wno present 
diarrhea subsequent to administration of antibacterial agents. 


Ec with antibacterial agents alters normal flora of the colon and may permit overgrowth 


















































^f clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
ntibiotic-associated colitis." 


safter estadlishing diagnosis of pseudomembranous colitis, initiate therapeutic measures. Mild 

"ases of pseudomembranous colitis usually respond to drug discontinuation alone. In moderate to 
vere cases, consider management with fluids and electrolytes, protein supplementation and 
t with an eral antibacterial drug effective against C. difficile. 


: GEMERAL: Although transient elevations of BUN and serum creatinine have been 
served, at the recommended dosages, the nephrotoxic potential of Rocephin is similar to that of 
her cephalosporms. 

ftriaxone is excreted via both biliary and renal excretion (see Clinical Pharmacology). Therefore, 
ients with renal failure normally require no adjustment in dosage when usua! doses of Rocephin 
e administered, but concentrations of drug in the serum should be monitored periodically. If evi- 
of accumulation exists, dosage should be decreased accordingly. 


ge adjustments should not be necessary in patients with hepatic dysfunction; however, in pa- 
s with both hepatic dysfunction and significant renal disease, Rocephin dosage should not ex- 
ed 2 gm daily without close monitoring of serum concentrations. 


terations in prothrombin times have occurred rarely in patients treated with Rocephin. Patients 
ith impaired vitamin K synthesis or low vitamin K stores (e.g.. chronic hepatic disease and mal- 
rition) may require monitoring of prothrombin time during Rocephin treatment. Vitamin K ad- 
istration (10 mg»weekly) may be necessary if the prothrombin time is prolonged before or during 
2 apy. 
olonged use of Rocephin may result in overgrowth of nonsusceptible organisms. Careful obser- 
ion of the patient is essential. If superinfection occurs during therapy, appropriate measures 
ould be taken. 
)cephin should be prescribed with caution in individuals with a history of gastrointestinal dis- 
se, especially colitis. 
are cases reported. of sonographic abnormalities seen in the gallbladder; patients may a so have 
nptoms of gallbladder disease. These abnormalities, variously described as sludge. precipita- 
s, echoes with shadows, may be misinterpreted as concretions. Chemical nature of sonagraph- 
ally-detected material not determined. Condition appears to be transient and reversible upon 
scontinuation of Recephin and conservative management. Therefore, discontinue Rocephin if 
gns and symptoms suggestive of gallbladder disease and/or the sonographic findings described 
)ove develop f 































ARCINOGENESIS. MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: Considering 
_@ maximum duration of treatment and the class of the compound, carcinogenicity stud»es with 
3ftriaxone in animals have not been performed. The maximum duration of animal toxicity studies 
ias six morths. 

tagenesis: Genetic toxicology tests included the Ames test, a micronucleus test and a test for 
romosomal aberrations in human lymphocytes cultured in vitro with ceftriaxone. Ceftriaxone 
Nowed no potentia: tor mutagenic activity in these studies. 

airment of Fertility: Ceftriaxone produced no impairment of fertility wnen given intravenously to 
ei ng up to 586 mg/kg/day. approximately 20 times the recommended clinica! dose 
n/day 

ANCY: Terategenic Effects: Pregnancy Category B. Reproductive studies have been per- 
in mice and rats at doses up to 20 times the usual human dose and have no evidence of 
oxicity, fetotexicity or teratogenicity In primates, no embryotoxicity or teratogenicity was 
ated at a dose approximately three times the human dose. 

however, no adequate and well-controlled studies in pregnant women. Because animal 
? studies are not always predictive of human response, this drug should be used dur- 
cy only i! clearly needed. | 
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ceftriaxone sodium/Roche 














n rats, in the Segment | (fertility and general reproduction) ee 


noted on various reproductive parameters during gestation and lactation, including postnatal g 
functional behavior and reproductive ability of the offspring, at doses of 586 mg/kg/day or less. 
NURSING MOTHERS: Low concentrations of ceftriaxone are excreted in human milk. Caution 
should be exercised when Rocephin is administered to a nursing woman. 
PEDIATRIC USE: Safety and effectiveness of Rocephin in neonates, infants and children havesbeen 
established for the dosages described in the Dosage and Administration section. /n vitro studies. 
have shown ceftriaxone, like some other cepha osporins, can displace bilirubin from serum albu- 
min. Rocephin should not be administered to hyperbilirubinemic neonates, especially prematures. 
ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical triats, the following adwerse 
reactions, which were considered to be related to Rocephin therapy cr of uncertain etiology, were 
observed: 
LOCAL REACTIONS— pain, induration or tenderness at the site of injection (1%). Less frequently ^J 
reported (less than 1%) was phlebitis after I. V. administration. 
HYPERSENSITIVITY— rash (1.7%). Less frequently reported (less than 1%) were pruritus, ‘ever ho aor 4 
or chills. è 
HEMATOLOGIC—eosinophilia (6%), thrombocytosis (5.1%) and leukopenia (21%). Less frequent- 
ly reported (‘ess than 1%) were anemia, neutropenia, lymphopenia, thrombocytopenia and polon- ^ 4 
gation of the prothrombin time. rn 
GASTROINTESTINAL —diarrhea (2.7%). Less frequently reported (less than 1%) were nausea or — = 
vomiting, and dysgeusia. Onset of pseudomembranous colitis symptoms may occur during or after 
antibiotic treatment (see WARNINGS). 
HEPATIC—elevations of SGOT (3.1%) or SGPT (3.3%). Less frequently reported (less tham 1%) 
were elevations of alkaline phosphatase and bilirubin. 
RENAL—elevations of the BUN (1.2%). Less frequently reported (less than 1%) were elevations of , 
creatinine ard the presence of casts in the urine. x | 
CENTRAL NERVOUS SYSTEM—headache or dizziness were re- 4 
ported occasionally (less than 196). M 
GENITOURINARY —moniliasis or vag nitis were reported ofca- 
sionally (less than 1%). 
MISCELLANEOUS diaphoresis and flushing were reported: oc- 
casionally (less than 196). 
Other rarely observed adverse reactions (less than 0.1%) include 
leukocytosis, lymphocytosis, monocytosis, basophilia, a decrease 
in the prothrombin time, jaundice, gallbladder sludge, glycosuria, 
hematuria, anaphylaxis, bronchospasm, serum sickness, abdom- - 
inal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis. 
DOSAGE AND ADMINISTRATION: Rocephin may be administerec in- 
travenously or intramuscularly. The usual adult daily dose is | to 
2 gm given once a day (or in equally divided doses twice a Gay) 
depending on the type and severity of the infection. The total caily 
dose should not exceed 4 grams. 
For the treatment of serious miscellaneous iniections in children, other 
than meningitis, the recommended total daily dose is 50 to 75 mg/kg 
(not to exceed 2 grams), given in divided doses every 12 hours. 
Generally, Rocephin therapy should be continued for at least two 
days after the signs and symptoms of in'ectior have disappeared. 
The usual duration is 4 to 14 days; in complicated infections longer 
therapy may be required. 
In the treatment of meningitis. a daily dose of 190 mg/kg (not tox- 
ceed 4 grams), g ven in divided doses every 12 hours, should be 
administered with or without a loading dose of 75 mg/kg. 
For the treatmant of uncomplicated gonococcal infections, a single intramuscular dose of 250 mg 
is recommenced. 
For preoperative use (surgical prophylaxis), a single dose of 1 gm administered 1/2 to 2 hours 2e- 
fore surgery is recommended. t 
When treating infections caused by Streptococcus pyogenes, therapy should be continued fo: at 
least ten days. 
No dosage ad ustment is necessary for patients with impairment of renal or hepatic function; haw- 
ever, blood levels should be monitored in patients with severe renal impairment (e.g., dialysis pa- 
tients) and in patients with both renal and hepatic dysfunctions. 
HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as a sterile crystalline powder in 
glass vials and piggyback bottles. The following packages are available 
Vials containing 250 mg, 500 mg. 1 gm or 2 gm equivalent of ceftriaxone; piggyback bottles cen- 
taining 1 gm or 2 gm equivalent of ceftriaxone; bulk pharmacy containers containing 10 gm equ v- 
alent of ceftriaxone (NOT FOR DIRECT ADMINISTRATION). 
Also supplied as a sterile crystalline powder as follows: 
ADD-Vantage Vials** containing 1 gm or 2 gm equivalent of ceftriaxone. 
Also supplied 2remixed as a frozen iso-osmotic, sterile, nonpyrogenic solution of ceftriaxone S9- 
dium in 50 mL single dose plastic containers,t as follows: 
1 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.9 gm dextrose hydrous, USP - 
added. , à 
2 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.2 gm dextrose hydrous, USP 
added. 
NOTE: Rocephin in the frozen state should not be stored above -20°C. 
*Registered trademark of Abbott Laboratories, Inc. 
tManufactured for Roche Laboratories, a division of Hoffmann-La Roche Inc., by Travenol Lato- 
ratories, Inc., Deerfield, Illinois 60015. Pl. 0280 
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| METHODS 
* Toi increase bocas of surgical principles and practice * HOME STUDY questions, assignments and answers 
To prepare Cond to take written and oral board exams © SEMINAR with slides and syllabus (Part I course only) 
‘0 provide a comprehensive review for recertification * PRACTICE EXAMS with written and oral parts 





Th Faculty was outstanding. The most pleasant thing was leaming a tremendous amount "Accommodations were comfor table.. "d 
; ‘not only from world-famous authorities but from people who are relatively unknown as well."* : 
DEM COURSES AND LOCATIONS: Ir 


Part II Courses: . Faculty Part I Courses: Part I course is mostly lectures and ew 
: ning mock oral exams to help you prepa 
for your written and oral or recertif 
QT H. Paulson Armstrong, M.D, October 17-23 — Chicago | tion exams. The course is given . 
"June 7-9 — Seattle 


| Louisiana State Universi : NATUR Pittsburgh a month before (and — 
es Sept. 20-22 — Pittsburgh CI x i : d D. Basic Surgery Geant weekend before) written iii 
"The Part I Course is j 46 -Paghead Jr M0. Anatomy 


el ; SPAN recertification exams. The Part II cow 
"designed to prepare board HOUSE PHI EIDET Physiology is mock oral exams for three days be 


candidates for oral exams, Rodney Durham, M.D. Anesthesiology and in the same city as each oral e 
The course will consist of St- Louis University Shock Each participant is guaranteed a one 









Feb. 22-24 — New Orleans Feb. 22-24 — New Orleans Sept. 16-22 — Pittsburgh 
April 26-28 — Omaha 












mo T. Bruce Ferguson, M.D. Neopiasia one public mock oral and can purc? 
 Onapresentingproblemlead- ^ Washington University ae is additional public or private ex: 
ing to questions on differen- William McKinnon, M.D. Transplantation Before either course home study c 
tial diagnosis, treatment op- Tulane University Trauma and Burns tions and answers will be sent 


tops, and complications. . iC: iti receiving half of your registration 
. Faculty. will aia each John Skandalakis, M.D. Sea Viene yid Past participants M taking 
- exam and answer questions. CRI ay p- course well before written or oral bc 
Zach participant will have an H- Harlan Stone, M.D. General Surgery and repeating for half price immed® 
examandcritiquesessionand — Fairview General, Cleveland Alimentary Tract before your exam. 
unlimited observation of Abdomen 



















YF April 26-28 — Omaha "and those little eras..." 
ther sessions. Additional 25 Breast and Skin | 
minute sessions may be ar- Garnet Blatchford, M.D. E : LOWEST AIR FARES: Please cz 
anpec for $70 and private University of Nebraska. ndocrine | free 1-800-548-8185 for group fares. 
sessions (ie, no other par- AJl Head and Neck 
j p Allan Campbell, M.D. " : ‘ie 
arpas queis may be University of Nebraska Special Surgery the most education for the money. 
need or an additional James "Red" Duke, M.D. Thoracic Surgery FEES AND COURSE HOURS: 
Univ. of Texas, Houston Wan ean. eSurgeon or Resident: Surg. F 
Cardiac Surgery | 
John Edwards, M.D. Vascular Surge e Part I course (7 days): $750 ^ 
Creighton University | gery repeating within 3 years: $375 = 


Orthopedic Surgery «Part ll course (3 d $510 












| Charles Goldman, M.D. 1. | within3 $255 
T University of Minneapolis Mand Surgery seeeast de Se 
" Steve Raynor, M.D. | ediatric Surgery e Private mock oral exam: $100. $11 
ci University of Nebraska Urologic Surgery e Add 10% within 10 days of the co 
i Roy Smoot, M.D. Gynecolo gic Surgery * Attendees not in course hotel add 
CM Seaford, Delaware Neurosurgery ae | 
. .  . . H.Harlan Stone, M.D. Ophthalmology half of regitration fee is received. 
stem. Fairview General, Cleveland Plastic ‘Surgery 


ahaa alae LL haa a dA ee ee hee 2 ee 2 T home study material was extremely h: 


REFUNDS: Subject to $50 charge, 
will be made until the seminar be 
Cancellation after mailing hom 
material requires retention of ha! 


feel [the course] helped me pass the 








Lees | eem eue INFORMATION: | | 
: : l é For:[ ] Part I Course: Joseph H. Selliken Jr, M 
d ail today to: i C Part H Course: The Osler Institute 








1094 Dawn Lane, P.O. Box 
: "ferre Haute, IN 4780; 





1094 4 Dawn Lane, Dept. 101 qu oe 
0. Box22i8 | L]Checkisenclosedfor$ —— 
erre Haute, IN 47802. C] Please send more information, 


"T gS ener AULAM Page el id 







lMdesansWésuekensukueckaddaueueumnuduA 








AMA MANUAL 
OF STYLE 


The one to consult 


hether it’s a multi-volume work or a 
short article, you'll find the write stuff in 
Manual of Style. 
is 8th Edition, a major revision, is the stand- 
ong medieal publishers. All major aspects 
nuscript preparation are covered in five 
which outline: € Preparing an artide for 
tion € Style e Terminology € Measure- 
nd Quantization € Technical Information 
bliography. 
‘ll find everything you need to make your 
— a success including: € Legal and Ethical 
rs € Grammar ® Punctuation € Word Use 
ign Words and Phrases € Diacritics 
»reviations ® Units of Measure € Numbers 
ercentages * Mathematics € Statistics 
luction anc Printing Terms € Editing and 
ding Marks € Eponyms € Nomendature 
ek Alphaber € Virus Names € SI Units and 
«sion Tables € Expanded Collection of 
, and Charts € Bibliography € Resources 
-Line Datanases. 
time you ^ave a question about making 
dical writing more clear, concise and 
*, be ready with one simple answer — the 
anual of Style. Order your copy -oday! 


7 pp/4351-X/$26.95 
faster? Call FREE 






























d me copies of AMA Manual of 
1-X) at $26.95 per copy. If not ccm- 
isfied, I may return the book within 30 
further obligation (US only). 
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Honolulu Hawaii 
Geriatric S 


urgery 
Conference 
March 1-2,1991 


Halekulani Hotel 


Keynote Speaker: 
Lee Goldman, M.D. 


Professor of Medicine, 
Harvard Medical School 


Information: Katherine Kim 
Pacific Islands GEC347 N. 
Kuakini St., HPM 9 
Honolulu, HI 96817 
(808)523-8461 





The 21st Biennial 

Surgical Congress 

of the Pan-Pacific 
Surgical Association 


January 26-30, 1992 at the 
Hilton Hawaiian Village — 
Separate sessions for nine 

surgical specialties. There will 
be a Post-Congress meeting at 
the Grand Hyatt Wailes, Maui 
on January 31 and February 1, 
1992. For information contact 
our office at 733 Bishop 
Street, Su te 1910, Honolulu, 

Hawaii 96813 Phone (808) 

523-8978 FAX (808) 599- 
3991 





“vicodin: 


(hydrocodone bitar'rate “May be habit forming] 
Mikes F : 


® 
-vicodin ES‘ 
(hydrocodone bitartrate 7 5mg [Waming: Moy be habit forming] 
and ocelominopher 750 mg) 

INDICATIONS AND USAGE: For the relief of moderate to moderately 
severe pain. 
CONTRAINDICATIONS: Hypersensitivity to acetaminophen or 
hydrocodone. 
WARNINGS: 
Allergic-Type Reactions: VICODIN/VICODIN ES Tablets containsodium 
metabisulfite. a sulfite that may cause allergic-type reactions including 
ana PME symptoms and life-threatening or less severe asthmatic 
episodes in certain susceptible people. 
Respiratory Depression: At high doses or in sensitive patients, 
hydrocodone may produce dose-related respiratory depression. 
Head Injury and Increased Intracranial Pressure: The respirat 

ressant effects of narcotics and their capacity to elevate cerebrospi- 
nal fluid press may be markedly exaggerated in the presence of head 
injury, other intracranial lesions or a preexisting increase in intracranial 
pressure. Furthermore, narcotics produce adverse reactions which may 
obscure the clinical course of patients with head injuries. 
Acute Abdominal Conditions: The administration of narcotics may 
obscure the diagnosis or clinical course of patients with acute abdominal 
conditions. 
PRECAUTIONS: 
Special Risk Patients: VICODIN/VICODIN ES Tablets should be used 
with caution n elderly or debilitated patients and those with severe 
impairment of hepatic or renal function, hypothyroidism, Addison's dis- 
ease, peces hypertrophy or urethral stricture. 
Cough Reflex: Hydrocodene suppresses the cough reflex; as with all 
narcotics, caution should be exercised when VICODIN/VICODIN BS Tab- 
lets are used postoperatively and in patients with pulmonary disease. 
Drug Interactions: Patients receiving other narcotic A mm cA 
chotics, antianxiety agents. or other CNS depressants (including alcohol) 
concomitantly with VICODIN/VICODIN ES Tablets may exhibit an additive 
CNS depression. The use cf MAO inhibitors or tricyclic antidepressants 
with hydrocodone preparations may increase the effect of either the 
antidepressant or hydrocodone. The concurrent use of anticholinergics 
with hydrocodone may produce paralytic ileus. 
Usage in don an 
Teratogenic Effects: Pregnancy Category C. Hydrocodone has been 
shown to be teratogenic in hamsters when given in doses 700 times the 
human dose. There are no adequate and well-controlled studies in 
pregnant women. VICODIN/ VICODIN ES Tablets should be used during 
pregnancy only if the potential benefit justifies the potential risk to the 
etus. 
Nonteratogenic effects: Babies born to mothers who have been tak- 
ing opioids regularly prior to delivery will be physically dependent. The 
withdrawal signs include irritability and excessive crying, tremors, hyper- 
active reflexes, increased respiratory rate, increased stools, sneezing, 
yawning, vomiting, and fever. 
Labor and Delivery: Administration of VICODIN/VICODIN ES Tabiets to 
the mother shortly before delivery may result in some degree of ^ "ub 
tory depression in the newborn, especially if higher doses are used. 
Nursing Mothers: It is not known whether this drug is excreted in 
human milk. Because many drugs are excreted in human milk and 
because of the potential forserious adverse reactions in nursing infants 
from VICODIN/VICODIN ES Tablets, a decision should be made whether 
to discontinue nursing or to discontinue the druc, taking into account the 
importance of the drug to the mother. 
Pediatric Use: Safety and effectiveness in children have not been 
established. 
ADVERSE REACTIONS: 
The most frequently observed adverse reactions include light-headecness, 
dizziness, sedation, nausea and vomiting. These effects seem to be more 
prominent in ambulatory than in nonambulatory patients and some of 
these adverse reactions maybe alleviated if the patient lies down. Other 
adverse reactions include: 
Central Nervous System: Drowsiness, mental clouding, lethargy, impair- 
ment of mental and physical performance, anxiety, fear, dysphoria. psy- 
chic dependence and mood changes. 
Gastrointestinal System: The antiemetic phenothiazines are useful in 
suppressing the nausea and vomiting which may occur (see above); 
however, some phenothiazine derivatives seem to be — and 
to increase the amount of narcotic required to produce pain relief, while 
other phenothiazines reduce the amount of narcotic required to produce 
a given level of analgesia. Prolonged administration of VICODIN/VIC@DIN 
ES Tablets may produce constipation. 
Genitourinary System: Ureteral spasm, spasm of vesical sphincters 
and urinary retention have been reported. 
Respiratory Depression: Hydrocodone bitartrate may produce dose- 
related respiratory depression by acting directly on the brain stem respi- 
ratory center. Hydrocodone also affects thecenter that controls respiratory 









rhythm, and may produce irregular and die breathing. If significant 


respiratory depression occus, it may be antagonized by the use of 
maknana RARO Node MODO Vates when indicated. 
DRUG ABUSE AND DEPENDENCE: 
VICODIN/VICODIN ES Tablets are subject to the Federal Controlled Sub- 
stance Act (Schedule III). Psychic dependence, physical dependence,and 
tolerance may develop upon repeated administration of narcotics; there- 
fore, VICODIN/ VICODIN ES Tablets should be prescribed and adminis- 
tered with caution. 

OVERDOSAGE: 

Acetaminophen Signs and Symptoms: In acute acetaminophen aver- 
dosage, dose-dependent, potentially fatal hepatic necrosis is the most 
serious adverse effect. Renal tubular necrosis, hypoglycemic coma, and 
thrombocytopenia may also occur. Early symptoms os a poten- 
tially hepatotoxic overdose may include: nausea, vomiting, diaphoresis 
and general malaise. Clinical and laboratory evidence of hepatic toxicity 
may not be apparent until 48*to 72 hours post-ingestion, 
Hydrocodone Signs and Symptoms: Serious overdose with 
hydrocodone is characterized by respiratory depression (a decrease in 
respiratory rate and/or tidal volume, Cheyne-Stokes respiration, (cyano- 
sis), extreme somnolence proaressing to stupor or coma, skeletal muscle 
flaccidity, cold and clammy skin, and sometimes bradycardia and hypo- 
tension. In severe overdosage, apnea, circulatory collapse, cardiac arrest 


and death may occur. 
O. 


i Knoll Pharmaceuticals 
Revised June 1989 A Unit of BASF K&F Corporahon 
5864 BASF Group knoll 


Whippany. New Jersey 0798" 
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PAIN RELIEF 
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Plus.. . Excellent patient acceptance 
€ Few reported side effects! 


Pain relief that lasts 
@ Four to six hours of extra strength pain relief 


The heritage of VICODIN‘ ** 
€ VICODIN is the 24th most frequently 
prescribed medication in America? 
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col, Klebsiella species, Bacteroides species including the B fragilis group* and Clostridium species. 
| /GYNECOLOSICAL INFECTIONS, including endométritis, pelvic cellulitis, and pelvic inflammatory 
- disease, caused by E. col; N. gonorrhoeae (penicillinase and non-peniciltinase producing), Bacte- 
-- JOtes spesies including the B. fragilis group* Clostridium species, Peptococcus species, Pepta- 
v. $lreptococeus species, and group B streptococci. 
<o SEPTICEMIA caused by Strep. preumoniae, Staph. aureus (penicillinase and non-penicillinase 
producing) © coli; Klebsiella species, anc Bacteroides species including the B fragilis group* 
5. BONE AND: JOINT INFECTIONS caused by Staph. aureus (penicillinase and non-penicillinase 
|. producing). 
co CSKINAND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase and non-penicillin- 
ase producing), Staph. epidermidis. streptococci (excluding enterococci, e.g., Strep. faecalis), E. coii, 
(o P. mirabilis. Klebsiella species, Becteroides species including the B. fragilis group* Clostridium 
Species, Pegtococcus species, anc Peptostrepfococcus species. 
.... Although appropriate culture and susceptibility studies should be performed, therapy may be started 
While awaiting these results. Cefoxitin is not active ín vitro against most strains of Pseudomonas 
„aeruginosa and enterococci (e.g.. Sirep. faecalis) and many strains of Enterobacter cloacae. Methicil- 
-lin-resistan? staphylococci are almost uniformly resistant to cetoxitin. 
- Prevention Prophylactic use in surgical procedures (e.g... hysterectomy, gastrointestinal Surgery. 
cesarean Section, transurethral prostatectomy) classified as contaminated or potentially contami- 
“Rated or in patients in whom subsequent infection at the operative site would present a serious risk. 
€; prosthetic arthroplasty. 
MEFOXIN® iCefoxitin Sodium, MST} usually should be given Y to: hour before surgery and should 
Sually be stopped within 24 hours since continuing administration of any antibiotic increases the 
sibility Gf adverse reactions but. in the majority of surgical procedures, does not reduce the 
lence o! subsequent infection. However, in patients undergoing prosthetic arthroplasty, it is 
vended that MEFOXIN be continued for 72 hours after the surgical procedure. If there are Signs 
ion, specimens for culture should be obtained for identification of the causative organism so 
ite sreatment may be instituted. 
indications: Previous hypersensitivity to cefoxitin and the cephalosporin group of anti- 

































ngs: BEFORE THERAPY IS JNSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DETER- 
PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOXITIN, CEPHALOSPORINS. PENICILLINS, 
HER DRUGS. GIVE WITH CAUTION TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS 
.D BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME 
OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC REACTION TO CEFOXITIN OCCURS, 
NTINEE THE DRUG. SERIOUS HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE 
D OTHERFMERGENCY MEASURES. 

seudomembranous colitis, iram mild to life-threatening in severity, has been reported 
ith virtuaily all antibiotics (including cephalosporins); therefore, it is important to con- 
der its diagnosis when diarrhea develops in association with antibiotic use. Broad-spec- 
um antibiotics alter normal flora cf colon and may permit overgrowth of clostridia: a toxin produced 
| Closingium difficile is a primary cause of antibietic-associated colitis. Mild cases may respond to 
Ug discontinuance alone; in more severe cases, management may include sigmoidoscopy, appro- 
iate bacterological studies, fluid. electrolyte and protein supplementation, and use of a drug such 
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as oral vancomycin; isolation of the patient may be advisable. Other causes of colitis should also be 
Considered. 

Precautions: Generai—Total daily dose should be reduced in patients with reduced urinary output 
due to renal insufficiency because high and prolonged serum antibiotic concentrations can occur 
from usual doses. Prescribe with caution in patients with a history of gastrointestinal disease, 
particularly colitis. Prolonged use may result in overgrowth of nonsusceptible organisms; repeated 
evaluation of the patient's condition is essential. if superinfection occurs, take appropriate measures. 
Drug interactions—increased nephrotoxicity has been reported following concomitant administra- 
tion of cephalosporins and aminoglycoside antibiotics. 

Drug/Laboratory Test interactions—High concentrations (100 mcg/mL) may interfere with mea- 
surement af serum and urine creatinine levels by the Jaffé reaction and produce false increases of 
modest degree in creatinine levels reported: serum samples shouid not be analyzed for creatinine if 
withdrawn within 2 hours of cefoxitin administration. High cancentrations may interfere with mea- 
surement of urinary T/-hydroxy-corticosteroids by the Porter-Silber reaction and produce false 
increases of modest degree in levels reported. A false-positive reaction for glucose in urine has been 
observed with CLINITEST** reagent tablets. 

Carcinogenesis, Mutagenesis, Fertility Impairment--No long-term animal study has been performed 
on carcinogenic ar mutagenic potential. Rat studies at approximately three times maximum recom- 
mended human dosage revealed no effects on fertility or mating ability, 

Pregnancy Category B--Reproduction studies in rats and mice did not reveal teratogenic or fetal toxic 
effects, although fetal weights were slightly decreased. in rabbits, cefoxitin was associated with a 
high incidence of abortion and maternal death, neither considered teratogenic. There are, however, no 
adequate and well-controlled studies in pregnant women. Because animal reproduction studies are 
not always predictive of human response, this drug should. be used during pregnancy only if clearly 
needed. 

Nursing Mothers--Excreted in human milk: Exercise caution. 

Pediatric Lise—Safety and efficacy in infants from birth to three months have not yet been estab- 
lished. In children three months and older higher doses have been associated with increased 
incidence of eosinophilia and elevated SGOT. 

Adverse Reactions: The most common adverse reactions have been local reactions following 
intravenous of intramuscular injection. Other adverse reactions have been encountered infrequently 
Local Reachons—Thrombopniebitis with intravenous administration; pain, induration, and tender- 
ness after intramuscular injections. Allergic Reactions--Rash (including exfoliative dermatitis), pru- 
ritus, eosinophilia, fever, and other allergic reactions including anaphylaxis. Cardiovascular — 
Hypotension. Gastromiestinai—Diarrhea, including documented pseudomembranous colitis during 
or after treatment, and, rarely, nausea and vomiting, Blood —Eosinophilia, leukopenia including 
granulocytopenia, neutropenia, anemia, including hemolytic anemia, thrombocytopenia, and bone 
marrow depression. A positive direct Coombs test may develop in some individuais, especially those 
with azotemia. Liver Function—lansient elevations in SGOT, SGPT, serum LDH, and serum alkaline 
phosphatase: jaundice. Renal Function--Elevations in serum creatinine and/or blood urea nitrogen 
levels and, rarely, acute renal failure. 

Note: In group A beta-hemolytic streptococcal infections, therapy should be maintained for at least 
10: days to guard against the risk of rheumatic fever or glomerulonephritis. In staphylococcal and 
other infections invelving a collection of pus, surgical drainage should be carried out where indicated. 
Intramuscular injections should be well within the body of a relatively iarge muscle such as the upper 
outer quadrant of the buttock (i.e., gluteus maximus} aspiration is necessary to avoid inadvertent 
injection into a blood vessel. The total daily dosage in infants and children should not exceed 
12 grams. 

How Supplied: Sterile cefoxitin sodium in vials, infusion bottles, and ADD-Vantage®* vials contain- 
ing 1 gram or 2 grams cefoxitin equivalent and in 10-gram bulk bottles. 


**Registered trademark af Ames Company, Division of Mifes Laboratories, Inc. 
Registered trademark of Abbott Laboratories, Inc. 


For more detailed information, consult your MSD Representative M RCK 
or see Prescribing information. Merck Sharp & Dohme, SF AME 
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Pepcid. IV 


(Famotiaine|MSD) 


A single 20-mg I.V. dose 
maintains pH above 4.0 
for up to12 hours 


PEPCID I.V. is indicated in some hospitalized patients with 
pathological hypersecretory conditions or intractable ulcers 
or as an alternative to the oral dosage forms for short-term 
use in patients who are unable to take oral medication. 


All formulations of PEPCID are contraindicated in patients who are hypersensitive 
to any component of these products. PEPCID is usually well tolerated; mos: 
adverse reactions have been mild and transient. The following adverse reactions 
have been reported at a rete greater than 196 of patients on therapy with 
PEPCID in controlled cl nical trials and may be causally related to the drug: 
headache (4.7%), dizziness (1.3%), constipation (1.2%), and diarrhea (1.7%). 


For complete contraindications, warnings, precautions, and adverse reactions, 
please see the Brief Summary of Prescribing Information on the following page. 


1. Ryan, J. R. et al.: Comparison of effects of oral and intravenous famotidine on inhibition 
of nocturnal gastric acid secretion, Am. J. Med. 81 [suppl 4B):60-64, October 24, 1986. 


2. Frank, W. O. et al.: The effect of single intravenous doses of cimetidine or ranitidine 
on gastric secretion, Clin. Pharmacol. Ther. 40(6]:665-672, December 1986. 
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20 mg and 40 mg 
mg per 5 mL 


Contraindications: Hypersensitivity to any component of these 
products. 


Precautions: General: Symptomatic response to therapy does not 
preclude the presence of gastric malignancy 


Patients with Severe Renal Insufficiency: Longer intervals between 
doses or lower doses may be needed in patients with severe renal 
insufficiency (creatinine clearance <10 mL/min) to adjust for the 
longer elimination half-life of famotidine (see Clinical Pharmacology 
and Dosage and Administration sections of Prescribing Information). 


Information for Patients: The oral suspension should be shaken 
vigorously for 5 to 10 seconds prior to each use, and unused 
constituted oral suspension should be discarded after 30 days. 


Drug interactions: No drug interactions have been identified. 
Compounds tested in man include warfarin, theophylline, phenytoin, 
diazepam, aminopyrine, and antipyrine. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: In rats 

and mice given oral doses up to approximately 2,500 times the 
recommended human cose for active duodenal ulcer, there was no 
evidence of carcinogeric potential; at these doses in rats, fertility and 
reprocuctive performance were not affected. No evidence of a 
mutagenic effect was observed. 


Pregnancy: Pregnancy Category B—There are no adequate or 
well-controlled studies n pregnant women. i 
only if clearly needed. 


Nursing Mothers: It is not known whether famotidine is secreted into 
human milk; however, it is secreted into the milk of lactating rats. 

A decision should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug 
to the mother. 


Pediatric Use: Safety and effectiveness in 
established. 


Use In Elderly Patients: No cosage adjustment is required based on 
age but may be necessary in severe renal impairment (see Clinical 
Pharmacology section of Prescribing Information). 


Adverse Reactions: The adverse reactions listed below have been 
reported during domestic and international clinical trials in 
approximately 2,500 patients. In the placebo-controlled clinical trials, 
the incidence of adverse experiences with PEPCID Tablets 40 mg at 
bedtime was similar to that with placebo. 


Incidence Greater than 1%: The following adverse reactions have 
been reported to occur n more than 1% of patients on therapy with 
PEPCID in controlled clinical trials and may be causally related to the 
drug: headache (4.7%), dizziness (1.3%), constipation (1.2%), and 
diarrhea (1.7%). 


Causa! Relationship Unknown: The following other adverse 
reactions have been reported infrequently and within each category 
are listed in order of decreasing severity. The relationship to therapy 
with PEPCID has been unclear in many cases. Body as a Whole— 
Fever, asthenia, fatigue Cardiovascular—Arrnythmia, AV block, 
palpitation. Gastrointestinal—Cholestatic jaundice, liver enzyme 
abnormalities, vomiting. nausea, abdominal di i 

















ildren have not been 


injection. Musculoskeletal-Musculoskeletal pain, arthralgia. Nervous 
System/Psychiatric—Grand mal seizure; psychic disturbances, which 
were reversible in cases for which follow-up was obtained, includin 
hallucinations, confusion, agitation, depression, anxiety, decrease 
libido; paresthesia; insomnia; somnolence. piratory— 
Bronchospasm. Skin—Alopecia, acne, pruritus, dry skin, flushing. 
Special Senses- Tinnitus, taste disorder. Other—Rare cases of 
impotence have been reported; however, in controlled clinical trials, 
the incidence was not greater than that seen with placebo. 


The adverse reactions reported for PEPCID Tablets may also occur 
with PEPCID Oral Suspension or PEPCID I.V ; in addition, transient 
irritation at the injection site has been observed with PEPCID LV. 


Management of Overdosage: There is no experience to date with 
deliberate overdosage. Up to 640 mg/day have been given to patients 
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20 mg per 2 ML 


with pathological hypersecretory conditions with no serious adverse 
effects. In the event of overdosage, treatment should be symptomatic 
and supportive. Unabsorbed material should be removed from the 
gastrointestinal tract, the patient should be monitored, and supportive 
therapy should be employed. 


Dosage and Administration: Duodenal Ulcer: The recommended 
adult ora! dosage for active duodenal ulcer is 40 mg h.s.; most 
patients heal within 4 weeks, and it is rarely necessary to use the full 
dosage for longer than 6 to 8 weeks. A regimen of 20 mg b.i.d. is also 
effective. For maintenance therapy, the recommended oral dosage is 
20 mg h.s. 


Benign Gastric Ulcer: The recommendec adult oral dosage for 
active benign gastric ulcer is 40 mg h.s. 


Pathological Hypersecretory Conditions (e.g., Zollinger-Ellison 
Syndrome, Multiple Endocrine Adenomas): The dosage varies 

with the individual patient; the recommended adult oral starting 
dosage is 20 mg q6h, but some patients may require a higher starting 
dosage. Dosages should be adjusted to individual patient needs and 
continued as long as clinically indicated; up to 160 mg q6h have been 
administered to some patients with severe Zollinger-Ellison syndrome. 


Oral Suspension: The oral suspension may be substituted for tablets. 


Directions for Preparing PEPCID Oral Suspension: Prepare 
suspension at time of dispensing. Slowly add 46 mL Purified Water. 
Shake vigorously for 5 to 10 seconds immediately after adding the 
water and immediately before use. 


Stability of PEPCID Oral Suspension: Unused constituted oral 
suspension should be discarded after 30 days. 


Intravenous Administration: In some hospitalized patients with 
patholog:cal hypersecretory conditions or intractable ulcers or in 
patients who are unable to take oral medication, the recommended 
intravenous dosage is 20 mg q12h. For preparation of intravenous 
solutions for injection or infusion and for compatible diluents, please 
see Prescribing Information. Parenteral drug products should be 
inspected visually for particulate matter and discoloration prior to 
administration whenever solution and container permit. 


Concomitant Use of Antacids: Antacids may be given concomitantly 
if needed. 


Dosage Adjustment for Patients with Severe Renal Insufficiency: 
In patients with severe renal insufficiency (creatinine clearance less 
than 10 mL/min), the elimination half-life of famotidine may exceed 
20 hours. reaching approximately 24 hours in anuric patients. 
Although no relationship of adverse effects to high plasma levels has 
been established, to avoid excess accumulation of the drug, the 
dosage may be reduced to 20 mg h.s. or the dosing interval may be 
prolonged to 36 to 48 hours as indicated by the patient's clinical 
response. 


How Supplied: Tablets, containing 20 mg or 40 mg famotidine, with 
hydroxypropyl cellulose, hydroxypropy! methylcellulose, iron oxides, 
magnesium stearate, microcrystalline cellulose, starch, talc, and 
titanium dioxide as inactive ingredients, in unit-of-use bottles of 30 
and 100 and unit-dose packages of 100; Oral Suspension, containing 
40 mg famotidine per 5 mL after constitution with 46 mL Purified 
Water, with citric acid, flavors, microcrystalline cellulose and 
carboxymethylcellulose sodium, sucrose, anc xanthan gum as 
inactive ingredients, and sodium benzoate 0.1%, sodium 
methylparaben 0.1%, and sodium propylparaben 0.02% added as 
preservatives, in bottles of 400 mg famotidine for constitution; 
Solution for intravenous injection, containing 10 mg famotidine per 
mL, with L-aspartic acid 4 mg, mannitol 20 mc, and Water for Injection 
q.s. 1 mL as inactive ingredients, and benzyl alcohol 0.9% added as 
preservative to the multidose vial, as 10x2-mL single-dose vials and 
as 4-mL vials. 





For more detailed information, consult your MSD 
MSD Representative or see Prescribing Information. MERCK 
Merck Sharp & Dohme, Division of Merck & Co., INC., SHARP; 
West Point, PA 19486 JOPE42(312) DOHME 
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Papers Read Before the 10th Anniversary 
Meeting of The Surgical Infection Society, 


Cincinnati, Ohio, June 14 to 16, 1990 


Retrospect and Prospect 


Ruminations After the First Decade of the Surgical Infection Society 


Robert E. Condon, MD, MS 


want to thank the members of the Surgical Infection Soci- 

ety forthe trust and honor accorded me through eleetion as 
President of the Society. The approbation of one's peers truly 
is the ultimate accolade, and I am grateful both for that boon 
and for the opportunity to guide the activities of the Surgical 
Infection Society as it continues to contribute to the body of 
scientific knowledge and thus to improve the care of our 
patients. 

The Society has just completed its first decade. This is an 
importan: milestone. It is most appropriate that we meet here 
in Cincinnati, the home of our founder, William A. Altemeier, 
MD, and take a look at our aceomplishments as well as to try to 
set an agenda for the future. The Society has successfully 
completed its infancy and childhood. We are alive and well. 
We have gained acceptance as a society from our surgical 
colleagues and from professional societies in other disciplines 
in medicine. We are recognized as a force in the overall scope 
of surgery and in our specialzy of surgical infections. We have 
developed an important scientific program that is published in 
a major journal and serves to communicate our science to the 
larger surgical community. 

We now face the challenges and rewards of continued 
growth and maturity. We need to enhance not only our scien- 
tific endeavors but also our interactions with other surgical 
societies, with our peers in medicine, and with our public 
health agencies and government. To this end, I will appoint 
additional members to the ad hoc Surgical Liaison Commit- 
tee, and expand the charge to that committee to maintain 
active liaison and communication not only with the Centers 
for Disease Control but also with the Food and Drug Adminis- 
tration, the developing Federal Agency for Health Care Poli- 
cy and Research, the Joint Commission on Accreditation of 
Health Care Organizations, the Infectious Diseases Society of 
America, the Society of Hospital Epidemiologists of America, 
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the American College of Surgeons, and the American Board 
of Surgery. In our contacts with each of these organizations, 
we need to take the initiative in strengthening interactions 
with organizations that share our interest in the feld of 
infections, and in educating those groups and agencies that 
determine health care policies about surgical infection control 
and treatment. We need to assert our expertise and our 
commitment to service, education, and research, not m self- 
interest but in an attempt to improve the care of all patients. 
In his presidential address in 1981, Dr Aitemeier reviewed 
the historic evolution of our understanding of surgical infec- 
tions.! He identified a changing pattern of infection in surgical 
patients whose characteristies included the increasing inci- 
dence of infections due to gram-negative crganisms; the im- 
portance of anaerobic bacteria in surgical infections; the syn- 
ergistic interactions that occur among the polymicrobr flora 
typical of surgical infections and serve to increase the viru- 
lence of those infections; and the impact of antibiotics on the 
emergence of the highly resistant flora that characterizes 
persistent or secondary infections. Typically, these flora of 
persistent infection are composed of bacteria of inherently 
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low virulence. Nonetheless, patients often succumb to such 
. persistent infections. 

We must enhance our understanding of the interactions 
among bacteria and between bacteria and patients associated 
with 5lunted and inadequate defensive responses. These de- 
fensive responses are also characterized by persistent infec- 
tion, especially peritonitis, and seem to lead inexorably 
through progressive deterioration to death. A solution of this 
problem was Altemeier& vision for this Society. We were 
reminded again of the :mpertance of the problem by Basil 
Pruitt, MD, in his presidential address.’ But despite our 
efforts, to date, Aitemeier's vision has not been fulfilled. This 
aspect of surgical insection remains the central, and therefore 
the most important. challenge that we face. The solution of 
the very complex problem of persistent infection will require 
continuing efforts to quantitatively document host responses 
to polymicrobic infeetion. The solution also will require a new 
and greatly enhanced emphasis on research involving classie 
microbiology, that is, the direct study of the biologic charac- 
teristics of bacteria. 

Classic microbiology, however, seems to be out of scientific 
fashicn. In academic centers, departments of microbiology 
have functionally beeome departments of immunology. Im- 
munologic techniques and observations also characterize 
much of the surgical research conducted in our field of surgical 
infections. Immunology has contributed and will continue to 
contribute to our understanding of host defense mechanisms 
against bacterial assault. I do not want to denigrate immunol- 
ogy or its importance to the science of surgical infection: but it 
seems to me that im recent years there has been a relative 
underemphasis on the classic microbiologic research that is 
also essential to the solution of the central problem of surgical 
infection. Research that relates to the control of polymicrobic 
infection often has difficulty getting funded. In the intense 
competition for research dollars, proposals involving the 
study of bacteria anc their interactions are sometimes shunt- 
ed aside as being insufficiently important. The result is that 
the intensity and commitment of research effort is dispropor- 
tionately small in relation to the size of the problem of polymi- 
crobic infection. 

. I believe it is important for increased research to be focused 
on the bacterial factors that cause patients to dwindle to 
death. To this end, I encourage the program committee to 
have a modest bias in the future toward microbiology. Addi- 
tionally, this Society needs to lobby actively for funding 
sources and peer review mechanisms that will provide bal- 
anced support for research involving classic microbiology. 
_ Balance is needed in funding basic as well as applied science 
and in funding microbiology as well as immunology. I urge 
|... members who represent this Society to other organizations to 
. Seek joint support with us to encourage increased funding of 
research in bacterial biology. 
Basil Pruitt,’ in his 1985 presidential address, broached the 
topic of interactions between industry and academia, and in 
the following year, Wes Alexander, MD, addressed the spe- 
cific relationships between industry and this Society. Thanks 
to Alexander's leadership, together with the efforts of many 
of my predecessors in the office of president, this Society has 
been able to develop an extraordinarily successful program of 
research fellowships that are generously supported by major 
corporations with am interest in surgical infections. These 
fellowships have allowed bright young academic surgeons to 
. develop their research skills, to produce important work that 
. has added to our body of knowledge, and to enhance the future 
_ competitive position af these fellows in the continuous contest 
for research grants. The fellowship program has had the 
additional effect of premoting the development of a number of 
. eenters of excellence in the investigation of surgical infec- 
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tions. I am sure all the members of the Society join me in 
applauding the magnanimity of industry in supporting our 
research fellowship program. I look forward both to future 
expansion of the program through involvement of additional 
corporate sponsors and to the development of commitments 
by sponsors that will ensure the long-term viability of the 
fellowship program. 

There is another aspect of the interactions between indus- 
try and members of this Society that concerns professional 
educational activities supported by industry and the organi- 
zation by industry of clinical trials. The consequences of drug 
house sponsorship can be subject to misperception, as wit- 
nessed by recent activities of the Inspector General of the 
Department of Veterans Affairs. I do not believe that partici- 
pation in an industry-sponsored educational program neces- 
sarily results in bias by the participants toward a particular 
product. I think it is ridiculous to assert that the provision of 
coffee and doughnuts by a pharmaceutical representative 
purchases the hearts and minds of those who partake of such 
hospitality at grand rounds. But I also recognize that a poten- 
tial for bias in selecting both topics and speakers exists in the 
organization of sponsored educational programs, and that 
sometimes such bias becomes operative. 

The potential problems of reliance on industry as the source 
of support for clinical trials in surgical infections are well 
recognized. The difficulties have been previously enumer- 
ated"* and include inadequate experimental design, limited 
investigator input in design, inappropriate patient exclusion, 
proprietary data analysis, and limited investigator input in 
determination of conclusions. The experimental design prob- 
lems relating to abdominal infections have been addressed in 
an excellent study by Solomkin et al’ resulting from the work 
of the Scientifie Studies Committee of the Society. Further, 
many members of the Society have participated in the devel- 
opment of updated guidelines for clinical trials of new antibi- 
oties that are being conducted under contraet between the 
Food and Drug Administration and the Infectious Diseases 
Society of America. 

The risk-benefit situation is such that our professional rela- 
tionships with industry are characterized by tension as both 
surgical investigators and industry representatives attempt 
to fulfill their respective self-interests. Sometimes, the rela- 
tionship assumes the stilted formality reminiscent of the mat- 
ing dances of certain birds—close, but not too close! The 
reality is that we need each other. The members of the Society 
need the financial support of investigative and educational 
activities provided by industry, and industry needs our ex- 
pertise and the credibility provided by that expertise to its 


investigative and marketing efforts. The academic center " 


should be the proving ground for new drugs. It is in the 
mutual interest of both industry and the members of the 
society that an effective working relationship be maintained. 

Written guidelines, jointly developed with representatives 
of the pharmaceutical industry, would be very helpful. These 
guidelines should include statements regarding the principles 
of conducting clinical trials, of support of educational activity, 
and of professional relationships in a broad sense. Such state- 
ments, often thought of in terms of professional ethics, have 
been offered by other professional groups,*’ but I believe a 
more specifie statement, using our field of interest as the 
framework, would be useful. To this end, I will appoint an ad 
hoe committee to work with representatives of the Pharma- 
ceutical Manufacturers Association and to report their recom- 
mendations to the membership. 

In his 1986 presidential address,’ Wes Alexander identified 
as a major challenge facing the Society the need to ensure the 
lowest possible rate of wound infections through application 
to surgical practice of currently available knowledge. To an- 
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swer this: challenge, Alexander recommended that programs 
of surgical wound surveillance be instituted, and a policy 
statement on this subject was adopted by the Society.” The 
essential provisions of that policy include active surveillance 
and follow-up, direct observation of wounds suspected of 
infection, reporting of surgeon-specific data confidentially to 
individual surgeons, and reporting of overall infection rates to 
the surgieal staff. 

There are very few data to indicate that the quality assur- 
ance programs now widely installed in hospitals by mandate 
of the Joint Commission on Accreditation of Health Care 
Organizations have had a positive impact on the outcomes of 
patient care. In the specific instance of surgical wound infec- 
tion surveillance, however, the data are very clear." Such 
programs reduce the incidence of infections, which is of bene- 
fit to our patients. Further, a potential exists for major 
reductior in the overall costs of health care since the cost of 
treating wound infections is appreciable. 

The erunciation of our standard met with a lukewarm 
reaction from the group centrally involved in infection control 
programs in our hospitals. *” The arguments raised in objec- 
tion to our policy were that the data underlying our rationale 
were flawed or had limited capacity for generalization, lacked 
controls, did not consider other changes in surgical practices 
that might have accounted for decreased infection rates, and 
possibly were only due to a Hawthorne effect. Further, the 
reporting of surgeon-specifie rates with a small denominator 
were sub-ect to misinterpretation and surgeons practicing in 
community hospitals might not want the data resulting from a 
surveillance program. In any case, only surgeons with higher 
rates of infection could improve their experience. The objec- 
tors, however, offered no data to support their arguments. 

While it can be presumed that surgeons with the highest 
rates of wound infection have the most room for improve- 
ment, the impetus among surgeons to reduce infections ap- 
plies across the board when a surveillance program is in 
effect. The calculation of surgeon-specific infection rates us- 
ing a small denominator obviously needs appropriate inter- 
pretation. However, surgeons already know how to interpret 
death and complication data using small denominators, and 
the occasional occurrence of an infection in the experience of a 
surgeon with a low operative volume would not be misinter- 
preted by his peers. All ofthe reported studies of the effects of 
active wound surveillance demonstrate that improvement of 
the wound infection rate lasts far beyond the 2- or 3-month 
period of :he Hawthorne effect. While other ehanges in surgi- 
cal practice could account for some of the improvement in 


4. wound infection rates, it is notable that in hospitals without 


wound surveillance programs, an improvement in the number 
of wound infections has not occurred." The overall clean 
wound infection rate in many United States hospitals remains 
well above 2%, and appears to have been increasing in recent 
years. Infact, a recent study of antibiotic prophylaxis in clean 
operations indicated that the infection rate for hernia repair 
was 496." Such a high rate of infection for a clean operation is a 
matter of eoncern, but the data result from an unbiased and 
prospective collection of information and may well represent 
reality. If so, current reality could stand some improvement! 
In ruminating over possible reasons for the objections to 
our wourd surveillance policy, it occurs to me that we, as 
experts in surgical infections as well as surgical practitioners, 
and hospital epidemiologists who view infection control as 
their turf, are each approaching the problem with a different 


v frame of reference. The difference in focus appears to be one 


of clinical.data collection vs epidemiology. The hospital epide- 


Des miologista, naturally, use an epidemiologie approach. That 
.-.. . approach is essentially a statistical one that focuses on high- 
o risk events and attempts to generate data that can be applied 
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to institutional policy decisions. In the epidemiologic ap- 
proach, collection of specific data regardingssingular eventsis _ 
unnecessary. We, on the other hand, approach the probem as 
a quality-of-eare issue. We seek, to the maximum extent 

possible, to collect clinical data regarding both high-risk and _ 
singular events. We wish to identify every single wound . 
infection. To the extent that we fail, the system is flawed, but — 
better a moderately flawed system that produces a measur- 

able benefit than an alternative system that demonstrably | 
fails to produce that benefit. " MEM 

We need to work more actively to implement our standard .. 
in surgical and hospital practice. I call on all members, a 
especially those who will be engaged in the future in lia 
with other organizations, to work toward thisend. The St 
cal Infection Society speaks on behalf of the considered judg- 
ment of those surgeons who know about surgically related - 
infections and on behalf of patients who can clearly benefit — 
from a wound surveillance program but do act due to current — 
infection control practices. 

The final topic I want to review concerns the aequired 
immunodeficiency syndrome (AIDS) epidemic. I have ad- 
dressed the society previously on this subject" and you know -= 
my views. However, I believe an iteration of those views is __ 
appropriate, since nothing of substance seems to have oc- "i 
curred since the last time this subject was discussed by our 
society. I will speak briefly about two aspects of the AIDS 
epidemic—the public health response and preoperative 
testing. 

Eighty thousand people have now died of AIDS." More 
than 50 000 patients currently have clinical symptoms and are 
doomed to die in the near future. As distressing as these 
figures are, the really disturbing figure concerns the number vie 
of asymptomatic carriers. Individuals with no outward signs — 
or symptoms of infection but fully capable c? transmitting the 
disease are now estimated to number over Lmillion” and their 
number climbs every day. This is the hidden threat of the 
AIDS epidemic to which we are not currently making an 
adequate response. 

Acquired immunodeficiency syndrome is a sexually trans- 
mitted disease. Although introduced into this country 
through the homosexual community, AIDS is now spreading 
most rapidly through heterosexual contacts. The publie 
health authorities are not responding to this epidemic as they > — 
do to other epidemics of sexually transmitted diseases. Asa - A 
consequence, the human immunodeficiency virus (HIV) con- = 
tinues to spread unchecked. The principal victims eurrently .—— 
are the sexual partners of intravenous drug addicts and the 
infants conceived by them. But it is only & matter of time — 
before the disease spreads more widely through the populace. = 

We are not mounting a normal public health epidemiologic - 
response to the AIDS epidemic. We are not following the — 
established principles of case identification and contact trae- | 
ing. Why not? Why have we, as a society, tailed to treat this 
epidemic as an epidemic? The answer involves many factors. 
One element is the lack of agreement amorg physicians con- 
cerning the response that should be made. I believe :his is 
largelv due to the naiveté of many physicians concerning the 
management of an epidemic. Remember that the last major ` 
publie health challenge due to infectious disease was the |. 
poliomyelitis epidemic of the 1950s. More than half of the 
physicians in the world today have never personally experi- 
enced the effects of a major epidemic, and have little under- 
standing of the necessity and the efficacy ofnormal epicemio- | 
logic responses and controls. 

Another element leading to our present inadequate re- 
sponse to the AIDS epidemic has been a confusion of values on- 
the part of many people, physicians included. There is eur- 
rently a broadly based concern abcut the right of each individ- 
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.. ual te privacy. This concern has affected the response to the 

. AIDS epidemic. Ir our concern about individual rights, we 
appear to have forgctten that rights are not absolute. Fur- 
ther, we appear to have forgotten that certain rights are more 
important than others. 1 think we all agree that preservation 
of life is more impcrtant than preservation of privacy. Ac- 
quired immunodeficiency syndrome is a fatal disease, and we 
place the life of innocent victims at risk by pursuing privacy 
for a few individuals. 

The most important factor inhibiting the public health re- 
sponse to the AIDS epidemic, however, has been the manipu- 
lation of both state and federal legislators by certain interest 
groups. Homosexual groups, being fully aware of the conse- 
quences of AIDS long before the rest of our society and fearful 
of becoming a new cíass of lepers, acted politically in their self- 
interest to preserve their privileges. But instead of promot- 
ing legislation to deal with potential discrimination, they 
opted for secrecy. Tcgether with their liberal legislative allies 
they promoted laws mandating strict confidentiality, restrict- 
ing the options of public health authorities to test those sus- 
pected of infeetion, and requiring pretest counseling and 
consent procedures :hat functionally constitute barriers to 
normal epidemiology. Through this process, we have created 
the first politieally protected plague in history. 

The result is that the spread of the disease is surrounded by 
too much mystery znd misinformation, and our society is 
handicapped in coming to grips with control of the epidemic. 
Politieally, we have been misled. It is time to correct the 
situation. I urge each member of the Society to work with 
your legislative representatives to enact effective laws ban- 
ning diserimination against those with HIV infection and to 
ensure the availability of medical care to them, as well as to 
initiate an effective, normal epidemiologie response to the 
AIDS epidemic. 

Let me turn now tc the equally contentious topic of routine 
preoperative testing for HIV infection. The arguments 
against testing have been widely publicized and I will not 
review them here. These arguments are, for the most part, 
self-serving apologies and do not stand reasoned and close 
serutiny. The truth is that the test system for HIV is more 
accurate and reliable than most clinical tests used daily in 
medical and surgica. diagnosis. The false-negative rate is 
infinitesimally small.. False-positive reactions usually do not 
persist and ultimately can be sorted out by direct antigen 
testing. Most importantly, the behavior of surgeons can be 
aitered on the basis of test results. 

We need to aecept that we, as well as those who assist us, 
are at risk in our work. We also need to recognize that the 
risks are small, but ret nonexistent," and are cumulative over 
one's professional ifetime. Transmission of HIV infection 
from patient to surgeon, although long denied, does oceur, 
and AIDS, as a consequence of that infection, remains a 
uniformly fatal threst. Even though the risks to surgeons, 
nurses, residents, and students are small, routine testing 
- reduees that risk, not to zero, but to a much smaller level than 
. without preoperative testing. Remember, there is no moral 
imperative requirirg us to take a risk that can be mitigated 
through reasonable measures. Preoperative testing is one 
. such reasonable measure. I believe that voluntary preoper- 
ative HIV testing programs should be universally adopted by 
hospitals. Further, additional targeted precautions should be 
employed when test results are other than negative.” 

Two years ago, this Society attempted to enunciate a poliey 
regarding the AIDS problem. A consensus could not then be 
reached, but time has a way of changing perspectives. New 
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thinking, based on a somewhat better understanding of the 
facts regarding HIV transmission, is now abroad. I believe it 
is time for us to look at these issues again to see if we can 
develcp a policy concerning this important challenge of infec- 
tion. Therefore, with an expectation that a consensus may 
emerge, I will appoint an ad hoc working group to consider the 
issues and report to the Society. 

These, then are the challenges we have to meet as we enter 
our second decade. We need to inerease our interactions with 


other organizations, encourage increased funding for re- 


search in microbiology, develop guidelines for our interac- 
tions with industry, implement wound surveillance programs 
in our hospitals, and respond more effectively to AIDS as an 
epidemic of a sexually transmitted disease. Responding to 
these ehallenges will require a major commitment of time and 
energy by members of the Society. I ask those of you who are 
willing to make such a commitment on behalf of the Society to 
communicate your interest to me. I assure you there is lots of 
work to do. 

In c.osing, let me thank you all once again for having chosen 
me as your president and for this opportunity to focus the 
attention of the Society on the five major issues just 
reviewed. 
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-@ The effect of endotoxin on renal glutamine metabolism and 

ammoniagenesis was investigated in vivo in the rat to gain fur- 

ther insight into the altered glutamine flow that characterizes 

critical illness. Studies were done 15 hours following a single 

dose of Escherichia coli lipopolysaccharide (10 mg/kg). Renal 

blood flow and arterial glutamine concentration were similar in 

control and study rats, but the kidney switched from an organ of 

slight glutamine uptake in controls (129+ 52 nmol/100 g of body 

weight per minute) to net release in the endotoxin-treated ani- 

mals ( —273 + 170 nmol/100 g of body weight per minute). Simul- 

taneously, the specific activity of renal glutamine synthetase 

 (À increased by almost 50% (374 + 40 nmol/mg of protein per hour in 

". pats giver endotoxin vs 253 = 12 nmol/mg of protein per hour in 

-; controls), while glutaminase was unchanged. Urinary ammonia 

excretion was reduced by 35% in the endotoxin-treated animals 

—(47x8 jmol12 h in endotoxin-treated animals vs 70:8 

iu mol/12 h in controls) despite a 10% fall in the arterial bicarbon- 

ate value. Endotoxin alters the net flux of glutamine across the 

kidney which appears to be partially regulated enzymatically. 

This may impair the kidneys' ability to maintain acid/base 

homeostasis. 

(Arch Surg. 1991;126:23-27) 





Sortie patients develop marked alterations in interorgan 
amino acid exchange, acid/base homeostasis, and energy 
.. metabolism.’ The alterations in substrate utilization increase 
4 endogencus acid production necessitating changes in acid/ 
base production to help maintain a normal pH. Many of the 

 metabolie responses that characterize sepsis can be repro- 
duced in animals and humans by the administration of endo- 
toxin. Although the effects of sepsis and endotoxemia on 
both renal function and histologic features have been exten- 
sively studied, their effects on renal glutamine metabolism, 
. which is central in renal acid/base homeostasis, have not been 

investigated (to our knowledge) _ 

Glutamine is the most abundant amino acid in the blood and 

in the free amino acid pool of the body.‘ Glutamine has multi- 
ple physiological funetions, one ofthe most important of which 
is as the primary substrate for renal ammoniagenesis and 

bicarbonate production.” Glutamine also serves as a nitrogen 
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shuttle between tissues," an essential precursor for nacleo- 
tide biosynthesis," and as a regulator of protein biosynthe-. 
sis. ^" Moreover, glutamine is a primary fuel for the renal _ 
tubular cells? and rapidly replicating cells such as the entero- 
cytes, ^" lymphocytes,“ and fibroblasts." : 
Interorgan glutamine flow is dictated by physiological . : 
needs. Under normal circumstances, glutamine flow is di- _ 
rected from the periphery to the splanchnic viscera providing 
fuel for enterocytes and substrate for ureagenesis and gluco- 
neogenesis. In metabolic acidosis, though, glutamine is re- . 
directed to the kidney.” Buffering of the increased hydrogen — 
ion load and restoration of alkaline reserves occur by differen- 
tial shunting of the byproducts of renal glutamine metabo- 
lism—ammonia and bicarbonate—into the urine and renal 
vein, respectively.’ It has been suggested that renal modula- . 
tion of these acid/base changes occurs in part by pH-induced: 
changes in the major enzymes of glutamine metabolism, phos- 
phate-dependent glutaminase, and glutamine synthetese. ^ — 
Damian and Pitts” demonstrated that the activity of gluta- __ 
minase increases and the activity of glutamine synthetase _ 
decreases in metabolic acidosis resulting in increased produc- 
tion of renal ammonia and bicarbonate. The purpose of this 
study was to investigate the effects of a single dose of endo- 
toxin on the renal glutamine metabolism. 


MATERIALS AND METHODS | 
Animal Preparation | 


Adult male Sprague-Dawley rats, weighing between 250 anc 300 g, 
were obtained from the University of Florida (Gainesville) animal. 
farm and allowed at least 3 days to acclimate to the animal care- 
facility. During that time, the rats were allowed ad libitum intake of. 
standard rat chow and water and were exposed to 12-hour derk and. 
light cycles. The evening prior to study, chow was removed (free 
access to water was provided) and the rats were separated into two - 
groups. Group 1 (endotoxin-treated rats) received an intraperitoneal 
(IP) injection of endotoxin (10 mg/kg, lipopolysaccharide, Escheri 
chia coli 0127:B8, Sigma Chemical Co, St Louis, Mo) in 0.9% salin 
(1 mL/100 g of body weight [BW]). Group 2 (control rats) were given. 
an IP injection of 0.9% saline (1 mL/100 g of BW). All studies were. 
approved by the Committee for the Use and Care of Laberatory 
Animals at the University of Florida. E: 

Study Procedure 

Three hours after IP injection, urine from each rat was collected fc 
12 hours in a tared container in the presence of 1 mL of 2N gulf 
acid. Fifteen hours after IP injection (the next morning), tie. 
were anesthetized with an IP injection of ketamine hydroehloi 
(0.75 mg/100 g of BW) and acepromazine maleate (0.075 mg/100. 


Renal Glutamine Metabolism — Austgen et i 





. meyer. 








- BW) and seeured to a heated animal board, Temperature was moni- 
tered with a rectal thermometer and maintained between 37°C and 
38°C. A midline neck incision was made and a tracheostomy was done 
with a 3-em segment of polyethylene tubing (PE-260, Intramedic, 
Clay Adams, Parsipanny, NJ). The right external jugular vein and 
left carotid artery were dissected free of surrounding structures and 
catheterized with polyethylene tubing (PE-50, Intramedic, Clay Ad- 
ams, Parsipanny, NJ). The catheters were secured in place with silk 
ligatures. Next a midline abdominal incision was performed, the left 
renal pedicle was exposed by gently displacing the intestines to the 
animals right, and a 27-guage needle attached to 5 em of Silastic 
tubing was inserted into the left renal vein. This was secured with 
cyanoacrylate adhesive. Warm saline-soaked gauze was placed over 
both incisions. Blood, 0.3 mL, was obtained from the carotid and 
renal vein and analyzed for blood gas and pH determinations. For 
determination of renal blocd flow, a constant infusion of carbon 14- 
labeled (^C) p-aminohippurate (C-14 PAH, Dupont, New England 
Nuclear, Wilmington, Del) at a concentration of 0.5 to 2 uCi of 
“C p-aminohippurate in 3 mL of 0.9% saline was begun in the right 
external jugular vein. The "C p-aminohippurate was infused at a rate 
of 0.039 mL/min using a constant infusion pump (Braintree Scientific 
BS 99, Braintree, Mass) After a 25-minute equilibration period 
(required to reach steady state), 0.8 mL of blood was obtained from 
both the left renal vein and left carotid artery for glutamine, ammo- 
nia, ürea nitrogen, and creatinine determinations as well as 
"C p-aminohippurate radioactivity. Both kidneys were removed, 
defatted, and decapsulated and then immediately processed for glu- 
taminase and glutamine synthetase activity and intracellular gluta- 
mine eoncentration. 


Processing of Blood and Urine 


The blood samples were deproteinated with an equal volume of 10% 
perchioric acid. The bieod-perchloric acid mixture was vortexed and 
centrifuged at 1860g fcr 10 minutes. This allowed for determination of 
whole blood C p-aminohippurate radioactivity and thus calculation 
of whole blood rather than plasma flow. One hundred microliters of 
thesupernatant was withdrawn and placed in 10 mL of liquid scintilla- 
tion selution (Aquasol, DuPont, Boston, Mass). Fifty mieroliters of 
the "C p-aminohippurate infusate was placed in 10 mL of the liquid 
scintillation solution (100 pL of supernatant is equivalent to 50 uL of 
infusate as the blood samples are deproteinated with an equal volume 
of perchloric acid). The *C activity was measured using a scintillation 
counter (Beckman LS 9800 series, Beckman Industries, Fullerton, 
Calif), The remainder of the supernatant was mixed with an equal 
volume of 0.48-mol/L tripctassium phosphate to obtain a final pH of 
6.6. This solution was stored at —20*C. Using a filter fluorometer 
(Turner model 112 Filter Fluorometer, Sequoia-Turner Corp, Moun- 
_ tain View, Calif), whee blood glutamine values were determined 
using a mierofluorometric assay similar to that described by Berg- 


The blood ammonia concentration was determined by a method 
Similar to the microdiffusion technique of Conway" promptly after 
obtaining the sample. The volume from the 12-hour urine collection 
was measured and the ammonia concentration was determined using 
the same method as with the blood. Plasma urea nitrogen and creati- 
nine values were determined using an analyzer (Chemetries II Ana- 
lyzer, Burlingame, Calif). | 


Kidney Preparation 


The defatted, decagsulated kidney was processed immediately 
afterthe biopsy was done. Kidney tissue was analyzed for phosphate- 
dependent glutaminase and glutamine synthetase activity. Tissue 

glutamine eoncentration was also determined. One-half gram of kid- 
 ney was minced and placed in 3 mL of 50-mmol/L sodium phosphate 
_ (pH 7.4) and homogerized for 1 minute using a homogenizer (Poly- 
tron, Kinematiea, Switz Brinkman Instruments, Westbury, NY) at 
. setting 6. Two milliliters of 10% trichloroacetic acid was added to this 
- homogenate and homogenized for an additional 10-second burst. The 
-Solution was centrifuged at 12196 g for 20 minutes at 4°C. Two 
milliliters of the supernatant was removed and neutralized with 
0.5 mL of 0.48-mmol/L tripotassium phosphate. This was stored at 
- 20°C and glutamine eoneentration was measured fluorometrically 
. as described by Bergmeyer.” 
. . One gram of minced kidney was also suspended in 5 mL of another 
“ice cold homogenate containing 300-mmolL sucrose, 50-mmol/L tro- 
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methamine kydroehloride (Trizma), and 5-mmol/L magnesium chlo- 
ride. This wes homogenized for 1 minute at setting 6 of the homoge- 
nizer (Polytron). An aliquot of the sample was used for determination 
of protein va:ues by the method of Lowry et al.” Phosphate-depen- 
dent glataminase activity was determined using the method of Pinkus 
and Windmueller." The remainder of this homogenate was centri- 
fuged at 12 196g for 20 minutes at 4"C. The postmitochondrial, cyto- 
sol-enriched supernatant was used for determination of glutamine 
synthetase activity by the method of Lemieux et al.” 


Blood Flow and Oxygen Consumption Determination 


The eonceatration and infusion rate of “C p-aminohippurate used in 
this study are similar to those used by others." Previous studies in 
our laboratory have demonstrated that an infusion period of 25 min- 
utes produces a steady state, evidenced by a nearly constant concen- 
tration (+ 18%) of "C p-aminohippurate in multiple arterial blood 
samples obtzined before and after the end of the 20-minute infusion 
period (W.W.S., unpublished data, 1989) Under these circum- 
stances, the fractional excretion of “C p-aminohippurate is constant 
and renal blend flow can be ealculated using the following formula: 


Blood Flow (Milliliter/100 g of BW per Minute) = (CPM Infusate)(In- 
fusion Rate)/ (CPM ART) —(CPM RV)] x 100/BW 


where CPM ¢nfusate is the number of radioactive counts per minute 
in 50 uL of irfusate, the infusion rate is 0.039 mL/min, CPM ART is 
the number of radioactive counts per minute in 100 uL of arterial/ 
perchloric acid supernatant, CPM RV is the number of radioactive 
counts per minute in 100 uL of renal vein/perchlorie acid supernatant, 
and BW is the body weight of the rat expressed in grams. 

i skin oxygen consumption was determined using the following 
ormulz: 


oe Consumption = Blood Flow x (02 Content A —O» Content 
where O, content A and O, Content RV represent the oxygen 
content of the arterial and renal vein blood, respectively, and 
where O, content is determined by the following equation: 
[1.34 x Hb x € Sat]-[0.003x PO,]. (Hb is the hemoglobin 
concentration in the arterial and renal vein; % Sat is the 
percent oxygen saturation in the arterial and renal vein blood; 
PO, is the partial pressure of oxygen in millimeters of 
mercury.) 


Flux Calculations and Statistics 


Amino acid concentrations are expressed as micromol per liter of 
whole blood. Slutamine flux was ealeulated by multiplying the arteri- 
al-rena! vein concentration difference by the kidney blood flow. All 
arteriovenous concentration differences were tested for significance 
with zero. A negative difference is consistent with net release while a 
positive difference is considered uptake. Flux was expressed in nano- 
moles per 160 g of BW per hour. Twelve-hour urinary ammonia 
production was determined by multiplying urine ammonia concentra- 
tion by 12-hoar volume and is expressed in micromoles. 

Caleulatiors were performed on a computer (MacIntosh Plus, Ap- 
ple Computers Ine) and software (Statview 512, Apple Computers 
Inc) performed the calculations. A P<.05 was considered significant. 
Student's f test was used to compare the two groups. 


RESULTS 


There wzs no signifieant difference in renal blood flow 
between groups (4.68 0.4 mL/100 g of BW per minute in 
endotoxin-treated rats vs 4.45 0.4 mL/100 g of BW per 
minute in control rats nor was there any change in renal 
oxygen consumption between groups (Table 1). Likewise the 
arterial glutamine concentration was similar in the endotoxin- 
treated rats and the control rats (Table 2). Although the 
glutamine bad (arterial concentration multiplied by flow) 
presented te the kidney was similar in each group, the arterio- 
venous conzentration difference markedly changed in the 
endotoxin-treated rats. The arterial-renal vein glutamine 
concentratien difference obtained in the control group is simi- 
lar to the value obtained by other investigators.”” In the 
endotoxin-treated animals, the kidney released net amounts 
of glutamine while in the control rat, the kidney was an organ 
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Table 1 .— Renal Blood Ficw and Oxygen Consumption* 

















Renal Blood Renal D, 

Flow, Consumption, 
ar mL/100 g of BW Renal A-V dO, mt. O/min per 

c0 |] Rats per Minute Volume, 9; — 100gofBW 

."v | .Endotoxin treated 
(0o 4-348) 4.7 €0.4 3.10.3 0.173 + 6.04 
| Control - 
: (n = 48) 4.4+0.4 2.6+0.3 0.152 + 6.02 








Values are mean + SEM. BW indicates body weight. 


Table 2. —Blood Glutamine Values and Glutamine Flux* 


Arterial. Renal Giutamine 
Arterial Renal Vein Flux, 
Glutamine. Glutamine, nmoil/100 g of BW 
pmol/L pmolL T per Minute 















Endotoxin treated 


735 21 52+ 20¢ —273 + 170$ 





(net 777 x17 27 x12 129 « 52 
*Values are mean + SEM, BW indicates body weight. 
TMinus indicates release. 
1P«.05 va controls. 


Table 3. — Renal Enzymatic Activity and Intracellular 
Glutamine Concentration* 













Glutamine 


Synthetase, Glutaminase, Tissue 
nmol/mg pmol/mg Glutamine 
of Protein of Protein Concentration, 
per Hour per Hour pmol/g of Kidney 









11.4: 1.0 2,44 X G1 





12.0 1.0 2.17 x C4 





*Valües are mean + SEM. 
TP«.05 vs controls. 


of slight net glutamine uptake or balance (see Table 2). Al- 
though met efflux of glutamine occurred in the endotoxin- 
treated rats, the renal intracellular concentration af gluta- 
mine was similar to the control animals (Table 3). 

The changes in glutamine enzymology noted with endotox- 
in administration are demonstrated in Table 3. The activity of 


E ; - phosphate-dependent glutaminase was not different between 


groups, but the activity of glutamine synthetase was elevated 
47% in the endotoxin-treated rats (373 + 40 nmol/mg of pro- 
tein per hour vs 253+12 nmol/mg of protein per hour in 
control rats, P<.05). 

The arterial and renal vein ammonia concentratiens were 
similar between groups as were the arteriovenous ammonia 
concentration differences (Table 4). However, the 12-hour 
urinary ammonia production (47+6 pmol in endotoxin- 
treated rats vs 70 +8 pmol in control rats, P<.05) was signifi- 
cantly diminished in the endotoxin-treated rats. Although 12- 
hour urine volumes did not differ between groups, the arterial 
creatinine and serum urea nitrogen concentrations were sig- 








Table 4.—Renal Ammonia Data* 












Urine Total. 
Arterial A-RV Volume Urinary 
Ammonia, Ammonia,t peri2h, Ammonia, 
pmol/L pmol/L mL pwmol1zh 1| - 











Endotoxin treated 

(n= 15) 19+2 -1341 8.6208 47 +62 
Control 

(a= 15) 17x2 ~ i43 9.8-07 70 «8 





























*Values are mean + SEM. A indicates arterial; RV. renal vein. 
tMinus indicates release. 
tP-«.05 vs control. 


Table 5. — Plasma Urea Nitrogen and Creatinine Values* 


Plasma . | 
Creatinine, — 
pmol 
14.3+1.1t 
5420.4 


Endotoxin treated (n = 10) 
Control (n= 10) 


*Values are mean + SEM. 
TP«..001 vs controls. 
tP«.01 vs controls. 





Table 6.— Arterial Blood Gases* 





Arterial 
Carbon 
Dioxide 
Pressure, 
mm Hg 


Bicarbonate, 
mmol/. 


Endotoxin treated 
{n= 15) 

Control 
{n= 15) 7.37 +0.05 


*Vaiues are mean + SEM. 
+P<.01 vs controls. 
tP-.05 vs controls. 


7.38 +0.07 34 x 2T 





39 +: 1 


COMMENT 


The effects of endotoxin on renal glutamine metabolism in 
vivo were studied to gain further insight into the altered = __ 
amino acid metabolism and acid/base homeostasis that char- | 
acterize sepsis. Animal and human studies demonstrate that a | 
single dose of endotoxin evokes many of the physio:ogieal . 
responses observed in severe bacterial infection." In this. 
study, the animals receiving endotoxin had development of 2 
systemic manifestations of infection, including piloerection, 
diarrhea, chromodacryorrhea, and decreased physical activi- . 
ty. We have previously demonstrated that the cardiac output 
of endotoxin-treated rats (similar dose and time point) was 
increased by 35% (T.R. A. and W.W.S., unpublishec data, 
1989). Renal blood flow was measured by a dye clearance. 
technique since vascular catheters had already been inserted 
for substrate sampling, obviating the need for flow proses. 

The effect of endotoxemia and sepsis on renal structure and - 
function has been previously studied and a wide spectrum of 
histologie damage and impaired renal funetion has been re- 
ported.”” Shortly after endotoxin administration, acute he- 
modynamic changes develop that include a decrease in renal 
blood flow, corticomedullary blood shunting, an increase in- 
renal vascular resistance, and a decrease in glomerular filtra- 
tion rate. Likewise, the fractional excretion of sodium and. 
water fall initially after endotoxin administration paralleling 
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_ dysfunction. In this study, no difference in renal blood flew, 
renal oxygen consumption, or urine output was noted be- 
tween the two groups of animals studied, but plasma arterial 
creatinine and urea nitrogen concentrations were elevated in 
the erdotoxin-treated rats suggesting impaired renal clear- 
ance function. The renal blood flow values we obtained in the 
contre] rats were similar to those reported by others as were 
renal glutamine extraction and urinary ammonia excretion.” 
In ether studies in which larger endotoxin doses were 
administered or in which repeated doses were given, renal 
histolegic changes were noted; namely, glomerular fibrin de- 
position, glomerular capillary thrombosis, endothelial dam- 
age, acute inflammatory cell infiltration, and renal cortieal 
necrosis," Microscopic examination of the kidneys of endo- 
toxin-treated rats in this study revealed normal histologic 
features without evidence of an acute cellular infiltrate, fibrin 
deposition, or acute tubular necrosis (data not shown). Thus, 
the dose of endotoxin we used was great enough to produce a 
change in the glomerular filtration rate but not substantial 
enough to result in histologic changes 15 hours after lipopoly- 
. . saccharide injection. This is important because we were inter- 
. estedin examining the effeets of endotoxin on renal glutamine 
: metabolism when there was no change in renal blood flow and 
no histologic damage. 

The role glutamine plays in renal acid/base homeostasis has 
been well described. During acidosis, uptake of glutamine by 
the kidney increases as does the activity of phosphate-depen- 
dent giutaminase, while the activity of glutamine synthetase 
decreases, ^^ Likewise, Welbourne and Bazer" have dem- 
onstrated that glutamine transport across the mitochondrial 
membrane (the site of phosphate-dependent glutaminase) 
increases as the pH decreases. Similarly, Windus et al? have 

_ observed that transport of glutamine across the renal basolat- 
eral membrane is increased in metabolic acidosis in the dog. 
These adaptive changes inerease renal ammoniagenesis and 
biearbenate production. The ammonia is excreted in the urine 
in which it acts as a proton acceptor while the bicarbonate is 
shunted to the renal vein helping to replenish decreased 
systemic alkaline reserves. 

The mechanism by whieh the kidney becomes a net gluta- 

| e mine releaser in the endotoxin-treated rat appears to be 
... mediated in part by an increase in de novo synthesis of gluta- 
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- With surgery, trauma, and sepsis. In: Shils M, Young V, eds. Modern Nutrition 
te Health and Disease. Tth ed. Philadelphia, Pa: Lea and Febiger; 1988:1306- 
-= 2 Michie HR, Manogue XR, Spriggs DR. Detection of cireulating tumor 
- necrosis factor after endotoxin administration. N Engl J Med. 1988:318:1484- 
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the changes in hemodynamies, but later the sodium and water 
fractional excretion rates increase suggesting renal tubular 


mine by the kidney. The activity of glutamine synthetase 
increases by almost 50% while glutaminase activity and the 
intracellular glutamine concentration are unchanged. Endo- 
toxin may also directly or indirectly alter membrane trans- 
port. The transport of glutamine is dependent on the trans- 
membrane sodium gradient maintained by the basolateral 
Na'/K' adenosine triphosphatase.*” Therefore, factors that 
disturb the Na*/K* adenosine triphosphatase transporter, 
such as endotoxin,” may affect the sodium gradient and there- 
by impair glutamine uptake and intracellular metabolism. 
Amplification of this process would be produced by the differ- 
ing location of the phosphate-dependen: glutaminase and glu- 
tamine synthetase enzymes within the proximal tubule and 
by the fact that unlike the Na’ gradient required for gluta- 
mine transport, the transport of glutamate (substrate for 
glutamine synthetase) into the renal tubular cell is dependent 
on a potassium gradient. "^ Specifically, the location of gluta- 
minase is upstream (S1 portion of the proximal tubule) while 
glutamine synthetase is located downstream in the S3 portion 
of proximal tubule.** Thus, if upstream transport of gluta- 
mine is depressed but downstream transport of glutamate is 
enhanced (providing substrate for glutamine synthesis), then 
net glutamine efflux may be observed. 

The consequences of the endotoxin-induced alterations in 
renal glutamine handling appear to inciude a decreased pro- 
duction of urinary ammonia. This resuit may affect the kid- 
neys ability to buffer the increased acid load generated dur- 
ing most catabolic illnesses, thus leading to persistent 
hypocarbia and possibly progressive acidosis. However, the 
inereased glutamine production by the kidneys may support 
immune system activation and function, fibroblast prolifera- 
tion, and gut mucosal energy requirements. Thus, as long as 
the organism can compensate for the decreased renal capacity 
to buffer an endogenous acid load by respiratory or other 
mechanisms, a benefit may be obtained by having the kidneys 
supply glutamine to other tissues during times of critical 
illness. To what extent these changes in renal glutamine 
metabolism that occur following endotoxin administration are 
adaptive is not entirely clear. 


This investigation was supported by grant 1 R29 CA45327-01A1 from the 
National institutes of Health, Bethesda, Md, a grant from the Veterans 
Administration Merit Review Board, Washington, DC, and a Career Develop- 
ment Award from the American Cancer Society, Atianta, Ga. 
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Discussion 


FRANK E. CERRA, MD, Minneapolis, Minn: Thisis a carefully done 
study of glutamine metabolism across the kidney using the bolus 
endotoxin model. The data could be explained by an LPS-induced 
reduction in glutamine filtration rate and an alteration in the sodium 
and potassum exchange mechanisms. A urine sodium would have 
confined this hypothesis. 

: This decrease in glomerular filtration rate could have resulted from 
pu á . the presente of an underresuscitated state. Was there a reduction in 
"renal vein oxygen content that would be consistent with that hypoth- 
esis or did you measure lactate on the venous effluate? Finally, this is 

a low morzality rate model, raising the question: Did the animals 
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ANE Surgical Anatomy Question 
i Q The celiac artery may be regarded as preventing ascent of the pancreas. [True or False?] 
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actuaily get sick from the LPS? : 
DR AUSTGEN: We give these animals 10 mg/kg of endotoxin asa ^. : 
bolus. Within 2 hours they demonstrate signs of sepsis: piloerection, = a 
tearing, diarrhea, decreased physical activity, and elevated eardiac 
output. With respect to resuscitation, each anima: received the lipo- 
polysaccharide or the saline in 1 mL/100 g of EW, which is equivalent. - 
to giving a 70-kg man 700 mL. This may not constitute complete: 
resuscitation. They were hyperdynamic, however, with preservation. ^. 
of their renal flow. We did not measure urinary sodium or plasma =- a 
lactate. ce 
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* Endotoxin (lipopolysaccharide [LPS]; and tumor necrosis 
. factor (TNF-a) have been implicated in the pathogenesis of Sep- 
ls-incuced adult respiratory distress syndrome. To evaluate the 
possible interaction of the hepatic-pulmonary macrophage axis 
Án the adult respiratory distress syndrome, we compared the 
kinetics of immunosuppressive prostaglandin E, TNF-a, and 
~ interleukin 6 production in LPS-stimulated Kupffer celis and 
~ -alveoler macrophages (AMs). Interleukin 6 production by Kupffer 
cells was significantly higher than for equal numbers of AMs. 
Kupfler cell TNF-« levels peaked early before decreasing as 
regulatory prostaglandin E, levels rose. in contrast, AM TNF-a 
| levels rose sharply and remained significantly higher than for 
^^. Kupffer cells throughout culture coincident with negligible pros- 
|. taglandin E, production. Kupffer cell sequestration of LPS may 
| normally invoke a coordinated cytokine response able to locally 
|. Induce acute-phase hepatocytes. In hepatic failure, however, 
. ... LPS spillover to the lung may promote adult respiratory distress 
_ syndrome by Inducing unregulated AM TNF-a production within 
the pulmonary microenvironment. 
(Arch Surg. 1991;126:28-32) 


D espite advances incritical surgical care and antimicrobial 
chemotherapy, mortality from adult respiratory dis- 
tress syndrome (ARDS) accompanying gram-negative bacte- 
_ rial sepsis continues tc exceed 80%.'” Adult respiratory dis- 
tress syndrome actually reflects part of a systemic disorder of 
-~ — host de?ensesinvolving multiple organs." Although the nega- 
> tive effect of hepatic failure on ARDS is established,’ the 
|. proposed biologie mechanisms linking the dysfunction of 
these organs' requires further clarification. 
—- Macrophages activated by bacterial endotoxin (lipopoly- 
. .; Saecharide [LPS] elaborate several biologically potent cyto- 
_ kines known to mediate the pathophysiologic responses of 
_ inflammation and sepsis. Central to this inflammatory net- 
. . Workis tumor necrosis factor (TNF-a), the apparent principal 
_ endogenous mediator of endotexemic shock. * Tumor necrosis 
factor bas recently been implicated in the pathogenesis of 
_ ARDS. Animals given high-dose TNF-a have rapid develop- 
ment of increased pulmonary permeability and edema super- 
 imposec on systemie hypotension, acidosis, and neutro- 
. penia. ^" Even at TNF-a doses low enough not to induce a 
systemic shock syndrome, alterations in pulmonary mechan- 
ics typieal of ARDS are measurable despite the absence of 
overt respiratory failure." Millar et al" have also demon- 
strated elevated TNF-a levels in bronchopulmonary secre- 
tions of humans with ARDS. 
. Attempting to further relate the association of ARDS with 
hepatic failure to specific alterations in the hepatic-pulmo- 
nary macrophage axis, we have compared the kinetics of 
TNF-a and interleukin 6 (IL-6) production by LPS-stimulat- 




























Accepted for publication September 29, 1990. | 
. From the Department of Surgery, Washington University School of Medi- 


ine, St Louis, Mo. | 

-Read before the Tenth Anniversary Meeting of the Surgical Infection Soci- 
ty. Cincinnati, Ohio, June 14, 1990. 

Reprint requests to 1 Barnes Hospital Plaza, Suite 5108, Washington Uni- 
ersity School of Medicine, 8: Louis, MO 63110 (Dr Fiye), 


E Arch Surg — Vol 126, January 1991 


ractions in Sepsis 
‘Host Defense and the Hepatic-Pulmonary Macrophage Axis 


Mark E. Callery, MD; Takafumi Kamei, MD; Martin J. Mangino, PhD; M. Wayne Five, MD, PhD 


ed Kupffer cells (KCs) and alveolar macrophages (AMs). 
Interleukin 6 was measured because of its influence on the 
hepatic acute-phase response during inflammation." In addi- 
tion, TN F-a and IL-6 responses are each correlated with the 
concurrent production of the immunosuppressive prostaglan- 
din E, (PGE,). ^" Our findings suggest that endotoxin spill- 
over from the failing liver ean promote unrestricted and 
locally injurious TNF-a production within the pulmonary 
microenvironment. 


MATERIALS AND METHODS 
Animals 


Femaie Wistar-Furth rats (RT1*, Harlan Sprague-Dawley, India- 
napolis, Ind), weighing 225 to 250 g at 10 to 12 weeks of age, were 
used. They were cared for according to specific National Institutes of 
Health guidelines. 


KC Isolation and Purification 


Following exsanguination by in situ perfusion via the portal vein 
with RPMI 1640 media, livers were dissected free and passed 
through 50-4.m mesh stainless steel sereens into RPMI 1640 contain- 
ing 1% HEPES buffer, 1% penicillin-streptomycin, and 90-mg/L 
gentamicin sulfate. Following centrifugation at 500g for 10 minutes 
(at 4'O), the pellet was resuspended in 30-mL antibiotie-supple- 
mented Hanks’ balanced salt solution containing 0.01% collagenase 
(type I, 240 U/mg, Worthington Biochemicals, Freehold, NJ), 
0.001% deoxyribonuclease (type I, 600 U/mg, Sigma Chemicals, St 
Louis, Mo) and 1l-mmol/L calcium chloride, and incubated for 
45 minutes in a 37°C rocking water bath. Following differential 
centrifugations (50g for 2 minutes) to sediment hepatocytes, a non- 
parenchymal cell-enriched pellet was obtained by centrifugation at 
900g for 10 minutes, washed twiee, and resuspended in KC complete 
media consisting of antibiotic-supplemented RPMI 1640 eontaining 
10% fetabealf serum (low endotoxin, Gibeo, Grand Island, NY). After 
3 hours’ incubation at 37°C in 100 mm plastic Petri dishes (Costar, 
Cambridge, Mass), nonadherent cells were removed by three succes- 
sive washes with warm media. Adherent cells, phagocytosing Congo 
red-stained yeast and 0.8-~m latex beads (Sigma), are hereafter 
referred to as KCs. After 5-minute incubation at 37°C in trypsin-ede- 
tic acid (0.05%/0,02%), KCs were liberated from the plastic dishes by 
vigorous pipetting; they were then washed and counted. The average 
yield was.8 to 10 x 10° KC per liver with viability being greater than 
90% (trypan blue staining) Immunofluorescence staining for rat 
leukocyte common antigen as well as nonspecific esterase staining 
were consistently greater than 9596, further indicating the purity of 
the KC preparation. 


AM Isolation 


Following harvest of livers, resident AMs were isolated from the 
same rats by anatomic lavage. Briefly, the trachea and the lungs were 
exposed surgically, the tracheobronchial tree was cannulated, and 
they wererepeatedly lavaged with 37°C Hanks balanced salt solution 
containing antibiotics and 1% ethylenediaminetetraacetie acid. The 
celis obtained were washed twice in RPMI 1640 media, and, there- 
after, were processed as the KCs were, ineluding collagenase expo- 
sure and plastic adherence. The AM yield averaged 5 x 10° per rat, 
with greater than 95% excluding trypan blue and staining positively 
for nonspecific esterase. 


Culture Protocol 
Following purification, 5x10° KCs and AMs in 1 mL of complete KC 
media were separately plated in 24-well culture dishes (Costar) (Fig 
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1). Following overnight culture, these KC or AM cultures were 
repleted with fresh media and stimulated with 2.5-mg/L bacterial 
LPS (Escherichia coli type 0111:B4, Difco Laboratories, Detroit, 
Mich). Polymyxin B sulfate, which binds the lipid-A component of the 
LPS complex, was added to separate cultures. Supernatants were 
collected at timed intervals and were sterile filtered (0.2 pm of 
Acrodise-13, Gelman Sciences, Ann Arbor, Mich). 


IL-6 Bioassay 


The KC and AM supernatant IL-6 activities were measured in a 
proliferation assay using the IL-6-responsive B9.9 hybridoma. B9.9 
cells were maintained by weekly feedings of RPMI 1640 medium 







5x10° 5x10° 
Kupffer Cells Alveolar Macrophages 
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Fig 1. — Experimental design for comparison of cytokine production by 
Kupffer cells and alveolar macrophages. 


Fig 2. — Kinetics of interleukin 6 (left), tumor necrosis factor- 
Kupffer cells following stimulation with 2.5-mg/L lipopolysacc 
circles) and LPS/polymyxin B (squares) are omitted for clarity. Asterisk indicates P<.001 significance vs LPS values. 
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Tumor Necrosis Factor-oa , (U/mL) 


containing 0.1% recombinant IL-6 (Genzyme, Boston, Mass) and 5% 
fetal calf serum. Prior to use, the cells were washed five times, 
resuspended in complete medium, and plated at 5000 cells per well in 
96-well flat-bottomed microtiter plates (Costar). After 44 hours 
incubation in the presence of various dilutions of KC supernatants, 
cultures were pulsed with tritiated H) thymidine for 4 hours, har- 
vested onto glass fiber filters, and the radioaetivity was counted by 
liquid scintillation spectroscopy. Unknown sample values were com- 
pared with a recombinant IL-6 standard curve performed with each 
assay. The media used for either KC or B9.9 cultures contained no IL- 
6-like activity, nor did B9.9 cells proliferate in response to LPS, 
interleukin 1, or TNF-a. 


TNF-o Assay 


The KC and AM supernatant TNF-a activities were assayed by 
cytotoxic lysis of actinomycin-treated L929 murine fibroblasts 
(American Type Culture Collection 1.2, Rockville, Md). Serial dilu- 
tions of unknown culture samples were incubated at 37°C for 18 hours 
with 7.5 x 10‘ treated L929 cells in 10% fetal calf serum—Eagle’s MEM 
media in 96-well flat-bottomed microtiter plates (Costar). Lysis was 
determined spectrophotometrically (540 nm) following erystal violet 
staining (20% methanol vol/vol). Unknown TNF-a levels (units per 
milliliter) were extrapolated from a recombinant TNF-a (Genzyme) 
standard curve. 


PGE, Radioimmunoassay 


The KC and AM supernatants were assayed for PGE, by competi- 
tive binding radioimmunoassay. Samples were combined with 
*H-labeled PGE, (New England Nuclear, Boston, Mass) and a specific 
rabbit antisera to PGE,. After a minimum 12-hour incubationat 4°C, 
the excess ^H was removed with a charcoal-dextran mixture and the 
bound portion was counted by liquid scintillation spectroscopy. Trip- 
licate values were averaged and compared with a standard curve 
performed with each assay. The lack of cross reactivity ofthe antisera 
with ecmpeting eicosanoids has been previously verified. " 


Statistical Analysis 


Date are representative of four independent experiments, each 
performed in triplicate, and compared by paired Student's t test. To 
eompare KC responses with those of AM, the unpaired t test was 
used. 


RESULTS 


Figure 2 depicts the kinetics of IL-6, TNF-a, and PGE, 
production by 5 x 10° KC following stimulation with 2.5- 
mg/L bacterial LPS. Interleukin 6 (Fig 2, left) rose to signifi- 


a (center), and prostaglandin E, (right) production by 5 x 10° 
haride (LPS) (closed circles). Standard errors for LPS (open 
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Fig 3.—Kinetics of interleukin 6 ( eft), tumor necrosis factor-a (center), and prostaglandin-E, (right) production for 5x10° 


alveolar macrophages following 
LPS (open circles) and LPS/poly 
values. 


cant levels as early as 4 hours after LPS stimulation. The KC 
IL-6 production peaked at 4 ng/mL by 24 hours, before pla- 
teauing at approximately 3 ng/mL from 24 to 48 hours. The 
KC TNF-a levels (Fig 2, center) peaked earlier than IL-6, 
reaching 16 U/mL by 8 hours following LPS before decreasing 
to below 2 U/mL by 48 hours. No inhibitors of the TNF-a 
cytopathic effect on L929 fibroblasts were present in these 
later (24- and 48-hour) culture supernatants since addition of 
10-U/mL rTNF-o effectively restored target lysis. With LPS 
stimulation, PGE, production was also si ificantly increased 
(Fig 2, right) to levels of 2 ng/mL over the first 24 hours of 
eulture. During the next 24 hours, however, PGE, levels 
continued to rise markedly to approximately 10 ng/mL, coin- 
cident with a plateauing of IL-6 levels? and a decrease in 
TNF-a responses. Unstimulated KC or those simultaneously 
eultured with LPS and its inhibitor polymyxin B produced 
negligible IL-6, TNF-a, and PGE, levels. 

Figure 3 similarly depicts IL-6, TNF-a, and PGE, respons- 
es for 5 x 10° AM stimulated with LPS. The AM IL-6 levels 
(Fig 3, left) rose to 1.6 ng/mL by 24 hours before sharply 
increasing to 4 ng/mL during the next 24 hours. Lipopolysae- 
charide also induced a potent and rapid TN F-a response (Fig 
3, center) by AMs with levels peaking at nearly 37 U/mL at 
12 hours before decreasing to 8 U/mL at 48 hours. In contrast, 
AM PGE, production (Fig 3, right) was ne ligible for the first 
24 hours following LPS stimulation befor eventually rising 
to3 ng/mL by 48 hours. As with KCs, pol myxin B treatment 
of AMs completely neutralized the stimu tory effects of LPS 
for all three cytokines. | 

To compare the relative effects of LPS on equal numbers of 
KCs and AMs directly, the cytokine data are tabulated in the 
Table. With LPS, IL-6 production by KCs rose to higher 
levels by 24 hours than did that by AM before leveling, while 
AM IL-6 levels continued to rise. The KC TNF-a production 
peaked early but decreased as PGE, levels rose. In contrast, 
AMs produced twice as much TNF-a at all intervals than did 
KCs, and these levels remained signi tly higher than 
those from KCs despite a late release of P E,. 


COMMENT 


‘or 
When gram-negative bacteria normally restricted to the 
gastrointestinal traet invade the bloods ream, circulatory 
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imulation with 2.5-mg/L lipopolysacc^aride (LPS) (closed circles). Standard errors for 
in B (squares) are omitted for clarity. Asterisk indicates P<.001 significance vs LPS 


collapse, multiple organ failure, and ultimately death can 
occur.” This sepsis syndrome has been attributed to the 
highly toxic effects of endotoxin, an LPS constituent of the 
gram-negative bacterial cell wall.” A particularly devastating 
manifestation of sepsis and endotoxemic shock is ARDS, 328 
Parenchymal hemorrhage, atelectasis, interstitial and alveo- 
lar edema, and lymphocytic infiltration underlie a clinical 
syndrome of hypoxia resistant to increasing inspired oxygen 
concentrations, decreased pulmonary compliance, and in- 
creased vascular permeability.” 

Endotoxin does not exert its lethal effects directly, howev- 
er. Tumor necrosis factor a, a potent cytokine produced by 
macrophages activated by LPS,"*** appears to endogenous- 
ly mediate endotoxemic shock. Tumor necrosis factor a can be 
measured in serum of animals” and man” following adminis- 
tration of LPS, and when injected intravenously, TNF-a can 
precipitate a shock syndrome similar to that caused by 
LPS." Furthermore, prophylactic anti-TNF-a antibodies 
can improve survival when given prior to lethal bacteremia” 
or endotoxemia.” Recent studies specifically correlating the 
development of end-organ pulmonary injury with systemic 
administration of TN F-a'^" further clarify a causative role for 
TNF-a in ARDS. 

Hepatic KCs and pulmonary AMs comprise a tissue macro- 
phage axis interposed between the endogenous gastrointesti- 
nal reservoir of endotoxin and the parenchymal target of 
ARDS injury. Kupffer cells line the hepatic sinusoids at the 
confluence of the portal venous drainage and bear the major 
responsibility of effectively sequestering all endotoxin and 
pathogens penetrating the gastrointestinal tract barrier." 
Only when the ability of the liver to eliminate enteric-derived 
LPS fails or when the route of infection is outside the portal- 
hepatie axis do pulmonary AMs become activated by LPS. 
Systemie endotoxemia may invoke responses by either KCs 
or AMs that are not beneficial to their local microenviron- 
ments. 'To better clarify this, we have compared the produc- 
tion of three specific inflammatory mediators by KCs and 
AMs in response to a given dose of LPS. 

Within the liver, both IL-6" and TNF-a” fulfill critical roles 
in the induction and regulation of acute-phase protein synthe- 
sis by hepatocytes during inflammation. The LPS-activated 
KC, therefore, is uniquely equipped to regulate this local 
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biologic response based not. only on its capacity to produce 
these acute-phase response cytokines, but more importantly, 
on its anatomic juxtaposition to hepatocytes. Furthermore, it 
is also capable of effectively limiting production of IL-6 and 
TNF-a by concurrently producing the immunosuppressive 
arachidonic acid metabolite PGE,.'^* In these in vitro studies, 
we have measured early increases in KC IL-6 and TNF-a 
produetien following LPS activation and their subsequent 
declines eoincident with rising PGE, production. Kupffer cells 
appear remarkably well suited, therefore, to limit the sys- 
temic effects of endotoxemia without generating detrimental 
and unregulated postphagocytie inflammatory cytokine re- 
sponses within the hepatic microenvironment (M.P.C., 
M.J.M., M.W.F., unpublished data). The importance of this 
observation is further underscored since KCs are normally in 
a low-grade state of activation due to small quantities of LPS 
that continually penetrate the intact gastrointestinal mucosal 
barrier,” 

In contrast, the measured AM cytokine responses to LPS 
seem inappropriate and excessive. Similar to the response of 
splenic macrophages,” AMs produced less IL-6 than did equal 
numbers of KCs. Since IL-6 has no known local functions 
within the pulmonary microenvironment, these data serve 
only to emphasize the unique anatomic relevance of the KC 
IL-6 effect on neighboring hepatocytes. In contrast, AMs 
produced almost twice as much TNF-a at all intervals than 
did KCs. Furthermore, these significantly higher AM TN F-a 
levels coincided with negligible production of autoregulatory 
PGE,. These in vitro data suggest that local TNF-« produe- 
tion by AMs inappropriately encountering LPS couid be ex- 
cessive, unregulated, and a potential direct cause of pulmo- 
nary injury. 

In vive studies are necessary to validate this hypothesis 
since in vitro data inherently fail to reflect multiple upregula- 
tory and downregulatory factors (cytokines, oxidants, etc) 
affecting activated macrophages in vivo. Using our model of 
KC phagocytic blockade in which mortality from intra-ab- 
dominal sepsis increases,” our laboratory is currently exam- 
ining loeal in vivo AM TNF-a responses during sepsis with 
and without an intact hepatic-pulmonary macrophage axis. 
t al^ have demonstrated increased AM TNF-a pro- 














Nelson @ 
duction in vivo following LPS administration directly into the 
trachea of healthy rats. No TNF-a was measured in blood, 
however. In contrast, AM TNF-a levels did not increase 
following systemic administration of LPS despite a marked 

He rise in blood TNF-a levels. Direct exposure to LPS in vivo, 

ee therefore, was necessary to potentiate this compartmental- 
-  . ied AM TNF-a response. 

With the exception of gram-negative pneumonias, an intra- 
trachea! route of LPS exposure is unusual. More commonly, 
*  sepsis-related ARDS accompanies systemic gram-negative 
© .. bacteremia and endotoxemia. A cellular mechanism to link 
7... associated hepatic failure with developing or worsening 

-ARDS eould pivot, therefore, on the integrity of the hepatic- 
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Fig 4.— The hepatic-pulmonary macrophage axis. Proposed cellular 
mechanisms linking hepatic failure with pulmonary failure and adult 
respiratory distress syndrome (ARDS). Effective Kupffer cel (KC). - 
sequestration of portal-derived bacterial endotoxin invokes a coordi- 
nated cytokine response able to induce local limited acute-phase 
responses by neighboring hepatocytes. In hepatic failure, however — 
endotoxin (lipopolysaccharide [LPS]) spillover may directly induce . 
unrestricted alveolar macrophage (AM) tumor necrosis factor (TNF-a) m 
production locally within the pulmonary microenvironment, thereby 
initiating or worsening ARDS. í 


pulmonary macrophage axis (Fig 4). In Ever failure, a reduc- 
tion in effective KC LPS sequestration not only precludes a 
limited and appropriate local cytokine response but also ab ^ 
lows LPS spillover directly to the lung. In this situation, an ` d 
unregulated AM TNF-a response could occur locally within = 
the alveolus and, theoretically, contribute to the pathophysio- — 2 
logic insult of ARDS. 


This investigation was supported by grants POI Al 24854-01 and DK-33308 
from the National Institutes of Health, Bethesda, Md, grant 5-T32-HL070A38 
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grants from the American Liver Foundation. 
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Discussion 


um JONATHAN L. MEAKINS, MD, Montreal, Quebec: The hypothesis 

. of differing functions for macrophages dependent on location is an 
immensely attractive one. The data presented show two sets of 
macrophages having differing responses of IL-6, TNF-a, and PGE, 
to the same initiating event and bring up several questions. Do 
. macrophages (peritoneal, splenic, cireulating) throughout the body 
have different funetiona! characteristics? Are they adapted to local 
resident functions? Are there differences in receptor numbers and 
specificity dependent on location? As PGE, is used as an example of 











- whether they have altered production of TNF? - 
. . M. WEST, MD, Minneapolis, Minn: The KCs would be expected in 
v^ vivo to have been previcusly exposed to LPS, becoming primed. 
- Were maerophages prime: and then tested for eytokine production? 
Were studies carried out. to 72 hours (yes) to be sure the difference is 
not just lag time (it was rct). 

MITCHELL FINK, MD, Worcester, Mass: Were the prostanoid and 
. cytokine concentrations measured in a cumulative fashion or at indi- 
. vidual time points? Were the differences in production or metabolic 
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by endotoxin-stimulated Kupffer cells is regulated by prostaglandin-E.. J Surg | 


local auteregulation, have you incubated the AMs with PGE, to see - 


breakdewn? 

CORA OGLE, PHD, Cincinnati, Ohio: Alveolar macrephages make 
increased levels of TNF in their systems. Did incubation with indo- 
methacm make a difference? 

DR CALLERY: The PGE, levels were measured in a cumulative 
fashion but studies were done identieally in the two populations 
studied. The macrophages were not primed but these experiments 
could be done. Peritoneal or pleural macrophages cultured with 
endotoxin generate relatively good PGE, responses, only one half to 
one third as much IL-6, and very, very low levels of TNF-a unless 
previously elicited. Splenic macrophages produce far lower levels of 
PGE, and IL-6 than KCs. The autoregulatory effect of PGE, for 
cytokine synthesis of different macrophage populations was clarified 
with indomethacin and analogues of PGE.. 


Clinical Relevance Statement 


Endetoxin, also known as LPS, is a major component ofthe 
cell wall of gram-negative bacteria and is responsible for most 
of the clinical effects of septic shock. Normally, a small 
amount of endotoxin steadily enters the portal circulation 
from the gut but is removed efficiently by the KCs in the liver. 
No endotoxin from the gut normally gets through the network 
of KCs to enter the systemic circulation. Kupffers cells are 
specialized macrophages attached to the hepatic sinusoids. 
We know that whenever macrophages are exposed to endo- 
toxin they release substances called cytokines (TN F-a, inter- 
leukin 1, and IL-6 are examples) which, in turn, cause septic 
shock. However, even though the KC macrophages in the 
liver are constantly exposed to a low background dose of 
endotoxin, adverse clinical effects do not normally occur. 
Why not? 

The experiments of Callery and associates! are an attempt 
to explain how the liver normally manages to control the 
effects of macrophage activation, and what goes wrong to 
produce ARDS in patients suffering gram-negative sepsis. 
The study results are summarized in their Fig 4. They found 
in normal subjects that the KC macrophages in the liver 
respond as expected: they take up all the endotoxin, releasing 
cytokines (TNF-a, ete). In addition, however, they also re- 
lease a prostaglandin (PGE,) that blocks the effects of the 
cytokines. As long as the system is in balance, nothing bad 
happens. In peritonitis and other states associated with a vast 
increase in endotoxin entering the portal circulation from the 
gut, however, the balance is disrupted with two important 
consequences. First, liver cells are injured resulting in hepat- 
ic failure; jaundice in sepsis would be a sign of this process. 
Second, endotoxin (LPS) escapes through the liver and acti- 
vates ATMs in the lung. 

Unlike KCs, AMs do not release prostaglandins on activa- 
tion. There is no check-and-balance system in the lung, pre- 
sumably because the lung normally is never exposed to endo- 
toxin. So, the activated AMs release cytokines which, in turn, 
make the pulmonary capillary endothelium leaky, resulting in 
fluid exuding into the alveoli. These results are reflected in 
hypoxia, stiff lungs, and densities on the chest roentgeno- 
gram, ie. in ARDS. 

The experiments need clinical confirmation of altered cyto- 
kine titers in sepsis and call for exploring further in animals 
the potential of prostaglandin treatment of ARDS. Readers 
interested in learning more about macrophages, cytokines, 
prostaglandins, and their role in sepsis might look into the 
review by Tracey and Lawry.’ 


ROBERT E. CONDON, MD, MS 
Milwaukee, Wis 
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. Course of Bacterial Translocation in a Model of 
Systemic Inflammation 





Mark R. Mainous, MD; Patrick Tso, PhD; Rodney D. Berg, Pab; Edwin A. Deiten, MD 


e Bacteria have been documented to translocate from the gut 
to systemic organs, yet the exact route by which they translocate 
remains unclear. To determine the route of bacterial transloca- 
tion, different dosages of zymosan were used to activate comple- 
ment and cause systemic inflammation. At a zymosan dose of 
0.1 mg/g, Sacteria translocated only to the mesenteric lymph 


ode complex, whereas at a dose of 0.5 mg/g the bacteria translo- 
cated systematically. In rats receiving 0.5-mg/g doses of zymo- 
san, the bacteria appeared to reach systemic organs via the 
portal blood rather than via the mesenteric lymph, as bacteria 
were present in 87% of portal blood samples but only 25% of 
lymph samples. The number of bacteria exiting the portal vein 
was 11:500 times greater than the number exiting via the lymph. 
Thus, both the route and extent of bacterial translocation varies 
based on the magnitude of the inflammatory insult, with the 
portal blood being the major route of bacterial translocation to 
systemic organs. 
(Arch Surg. 1991;126:33-37) 





ne vital function of the intestinal mueosa is to act as a 

barrier in preventing the invasion and systemic spread of 
indigenous bacteria normally eontained within the gut lumen. 
We have previously demonstrated that under certain experi- 
mental conditions, bacteria are capable of erossing this gut 
mueosal barrier and spreading to the mesenteric lymph node 
, (MLN) complex, blood, and systemic organs, a process 

"termed bacterial translocation.’ Numerous factors have been 
identified that may promote the translocation of bacteria from 
the gastrointestinal tract, including thermal injury,’ hemor- 
rhagic shock,’ physical disruption of the gut mucosa,’ total 
parenteral nutrition,’ endotoxemia,’ impaired host immune 
defenses, ^ and disruption of the ecologic equilibrium of the 
indigenous gut microflora, resulting in intestinal bacterial 
overgrowth.” 

Despite the wealth of information available concerning the 
factors that promote bacterial translocation, the anatomic 
route and timing of this process remain unclear. We sought to 
determine whether translocating bacteria exit the gastroin- 
testinal lumen via the portal venous system or via the mesen- 
teric lymphatics and the time course of systemic organ in- 
volvement. In addition, we attempted to determine whether 


ü the route and time course of bacterial translocation could be 


* changed by altering the magnitude of the inflammatory 
insult. 


MATERIALS AND METHODS 


Male speeifie pathogen-free rats (Charles River Laboratories, 
Portage, Mich) weighing 400 to 500 g were used for all experiments 
and maintained in accordance with the recommendations of the Guide 
for the Care.and Use of Laboratory Animals. The experiments were 
approved by the Louisiana State University Medical Center Animal 
Care Committee. 

To determine the time course and magnitude of bacterial transloca- 
tion, 101 rats each received an intraperitoneal (IP) injection of either 
normal saline solution or zymosan (Sigma Chemical Co, St Louis, 


Mo). Zymosan was suspended in sterile normal saline solution at a 
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concentration of 10 mg/mL or 50 mg/mL and injected IP at a dosage of 
0.1 mg/g or 0.5 mg/g of body weight. At 2, 4, 6, 10, or 24 nours 
following injection, the rats were anesthetized with IP pentobarbital 
sodium (60 mg/kg), after which portal vein and inferior vena caval 
blood was obtained for culture and the MLN, spleen, liver, and cecum 
were harvested for bacteriologic studies, as previously reported.' In 
addition, cecal bacterial population levels were quantitated, and the 
translocating bacteria were identified, as previously described. To 
determine the systemic effects of zymosan, evidence of systemie 
stress (conjunctivitis, diarrhea, lethargy, and ruffied fur) or death 
were recorded every 12 hours for 72 hours in an additional eight 
animals in each group. 

To further investigate the route of bacterial transloeatior, the 
efferert mesenteric lymphatics were cannulated ina sterile fashion in 






24 rats. These animals were anesthetized with IP pentobarbital.” P 


sodium (60 mg/kg) and laparotomy was performed, during which the 
efferent mesenteric lymphatic vessel was cannulated with use of a 
sterile Sikastic catheter (Silastie Medicai Grade Tubing 602-135, Dow 
Corning, Midland, Mich), whieh was secured in place (Super Glue, 


Loctite Corp, Cleveland, Ohio) and brought out through a stab wound. 


in the right flank. A sterile gastrostomy tube (Intermedic Polyethyl- 
ene Tubing PE-90, Clay Adams, Parsippany, NJ was then placed 
through & stab wound in the greater curvature of the stomaca and 
passed through the pylorus into the duodenum. The gastrostomy 


tube was secured in place (Super Glue) and broughtout through a stab D cum 


wound in the left upper quadrant of the abdomen. The laparotomy © 


incision was then closed with a 2-0 silk suture. The animals were ^. 
placed in restraining cages to prevent dislodgment of the catheters 
and were allowed to recover from anesthesia. A constant infusion of — 
5% dextrose and normal saline solution was begun via the gastros- o 


tomy tube at a rate of 5 mL/h with use of a Harvard constant infasion 
pump (Bio Chem Technology, Malvern, Pa). Lymph was collected 
during a 1-hour period in a sterile heparinized glass tube placed in an 


ice bath. The animals then received an IP injection of saline solution, . 


zymosan at a dosage of 0.1 mg/g, or zymosan at a dosage of 0.5 mg/g. 
Lympk was collected hourly for an additional 10 hours, after which 
the animals were killed and the MLN complex, spleen, liver, cecum, 
and portal and systemic blood harvested. The volume of lymph pro- 
duced was recorded each hour. Aliquots of the hourly lymph samples 
were cultured for bacteria, and the protein concentration was Geter- 
mined by refractometry. 


STATISTICAL ANALYSES 


Translocation indexes (discontinuous data) were evaluated by x 
analysis. Continuous data were evaluated by analysis of variance. 
P«.05 was considered significant. 


RESULTS 


The systemie effects of zymosan appear to be dose depen- - ux 


dent, as none of the animals that received the 0. 1-mg/g dosage 


showed signs of systemic toxic effects (conjunctivitis, ruffled - Mi 


fur, diarrhea, or lethargy) or died, while all ofthe animalsthat 


received the 0.5-mg/g dosage showed such signs within - À E 
24 hours and 40% died within 48 hours. The effect of zymosan da 


on bacterial translocation was also dose dependent, as bacte- 


rial translocation was limited to the MLN complex in ratsthat 


received the 0.1-mg/g dosage, whereas translocating bacteria | ~ ) 


spread to the liver, 


spleen, and bloodstream in rats that =" 
received the 0.5-mg/g dosage (Table 1). Cultures ofthe MLN . 


complex were the first to yield positive results; 90% of the /—— 
MLN eomplexes of the rats that received the 0. l-mg/gdosage | 


and 93% of the MLN complexes of rats that receivec the - ES 





0.5-mg/g dosage contained viable bacteria asearly as 2 hours = 


following zymosan challenge. By 4 hours after receiving the 
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Spleen Liver 






Control (saline) 13 8* 
Zymosan (0.1 mg/g) 
2h 





Zymosan (0.5 mg/g) 
eh 


100t 100t 
100T 100T 


*P<.01 vs 0.1-mg/g zymosan or 0.5-mg/g zymosan group. 
tP<.01 vs control (saline) or 0.1-mg/g zymosan group. 
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0 2 4 6 24 0 2 
Time After Zymosan Challenge, h 


0.5-mg/g zymosan dosage, bacteria were cultured from some 
of the livers and spleens of these animz ls, and by 6 hours all 
the animals had viable bacteria in their liver and spleen (Table 
1). The number of translocating bacteria recovered per gram 
of tissue is illustrated in Table 2. In the animals that received 
the 0. 1-mg/g dosage of zymosan, the number of bacteria in the 
MLN complex peaked at 6 hours but had declined by 24 hours 
after zymosan challenge (Table 2). In ontrast, the levels of 
bacteria remained elevated in the ML complexes of the rats 
receiving the 0.5-mg/g dosage of zymosan 24 hours following 
zymosan challenge. The cecal population levels of both gram- 
negative enteric bacteria and total aerobic bacteria were 
increased at both dosages ef zymosan when compared with 
the control animals (P<.01) (Fig 1). No significant differences 
were noted at any zime point between the cecal population 
levels of the animals that received the 0. 1-mg/g dosage of 
zymosan and those that received the 0.5-mg/g dosage of zymo- 
san (Fig 1). Therefore, the greater systemic bacterial translo- 


34 Arch Surg— Vo! 126, January 1991 


‘a 
4 5 24 
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Table 2.—Magnitude of Zymosan-Induced Bacterial - 
Translocation to the Mesenteric Lymph Node (MLN) Complex 
and Systemic Organs 






Mean + SD Colony-Forming Units 
per Gram of Tissue 


S\N, 



























MLN 
Group No. Complex Spleen 
Control (saline) 13 23 0 0 
| Zymosan (0.1 mg/g) 
2h 10 23 +24 0 0 
4h 10 93+36* 0 0 
6h 10 104+62* 0 0 
10h 8 99+71* 0 0 
24h 8 40-16 0 0 
Zymosan (0.5 mg/g) 
2h 15 87 * 134 0 0 
4h 15 148-111 1553-1102 534 + 559 
6h 10 177-94 1799-1133 983 + 474 
10h 8 183+106 8143+4454+ 9215+3191f 
24h 8 343+86 3538-1251 1645+486 











*P<.05 vs 0.1-mg/g zymosan group at 2 or 24 hours. 
TP<.@1 vs all other 0.5-mg/g zymosan values. 


Fig 1.—The cecal population levels 
(mean+SD) of both gram-negative enteric 
bacteria (left) and total aerobic bacteria (right) 
were increased in the zymosan-treated ani- 
mals when compared with the saline-treated 
control animals (P<.01). However, no differ- 
ence in the cecal population levels of either 
gram-negative enteric bacteria or total aero- 
bic bacteria was noted between the animals 
that received a zymosan dosage of 0.1 mg/g 
(solid lines) and those that received a zymo- 
san dosage of 0.5 mg/g (broken lines) at any 
point following zymosan challenge. CFUs in- 
dicates colony-forming units. 





cation in rats that received the 0.5-mg/g dosage vs the 
0.1-mg/g dosage does not appear to be due to a greater 
increase in cecal bacterial population levels in the rats that 
received the 0.5-mg/g dosage. 

To determine the anatomic route of bacterial translocation, 
mesenteric lymph, portal blood, and systemic blood were 
cultured at various times after zymosan challenge. All the 
mesenteric lymph, portal blood, and systemic blood samples 
of the animals that received IP saline solution or a 0.1-mg/g 
dosage of zymosan were sterile, in sharp contrast to the 
samples from animals that received the 0.5-mg/g dosage of 
zymosan, in which by 4 hours after zymosan challenge 87% of 
portal blood and 33% of systemic blood samples contained 
enterie, gram-negative bacteria (Table 3). Because only 2596 
of the mesenteric lymph samples contained viable bacteria 
4 hours after zymosan challenge, it appears that translocating 
bacteria reach the portal circulation before their appearance 
in efferent intestinal lymph (Table 3). 
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Fig 2.—Number of viable bacteria (in colony-forming units |CFUSs]) 
exiting the mesenteric lymph node (MLN) complex per hour following 
challenge with zymosan (0.5 mg/g). 


Portal Blood 


nm 


Systemic Blood 


2 E 6 8 10 
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Fig 3.— Comparison of the magnitude of portal and systemic bacter- 
emia following challenge with zymosan (0.5 mg/g). The number of 
bacteria in the portal blood was significantly greater than in the sys- 
temic blood at 4, 6, and 24 hours following zymosan challenge 
(P<.01). Plotted values are mean - SEM. CFUs indicates colony- 
forming units. 


The number of bacteria that leave the MLN complex per 
hour via the efferent lymph peaked 7 hours following zymosan 
challenge and then plateaued at approximately 300 bacteria 
per hour (Fig 2). The number of bacteria in the mesenteric 
efferent lymph was significantly lower (P<.01) than in either 
the portal or systemic blood; at 10 hours after zymosan chal- 
lenge, the concentration of bacteria in the portal blood 
(mean+SD, 2525+1615 colony-forming units (CFUs)/mL) 
was 18-fold higher than in the mesenteric lymph (138 + 54 
CFUs/mL) (Fig 3). Although the magnitude of bacteremia 
increased over time in both the portal and systemic blood, the 
numbers of bacteria in the portal blood were significantly 
higher than in the systemic blood (Fig 3 and Table 4). 

To better characterize the effect of zymosan on intestinal 
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Table 3.—Incidence of Bacterial Translocation to Portal 
Blood, Systemic Blood, and Mesenteric Lymph in Animals 
Receiving Zymosan (0.5 mg/g)* 


incidence of Bacterial 
Translocation, % 
Time After 
Zymosan 
Challenge,h No. 


Portal 
Blood 


Systemic 
Blood 


*Blood and lymph samples remained sterile in all animals receiving either 
saline or zymosan (0.1 mg/g). 

+P<.01 vs portal blood at 2 hours. 

£P- 01 vs portal blood at 4 hours. 

SP 001 vs systemic blood at 2 hours. 

|P—.9001 vs systemic blood at 2 hours and P<.01 vs systemic biood at 
4 hours. 

«P—.01 vs lymph at 2 and 4 hours. 












Table 4.— Comparison of Magnitude of Bacteremia Between 
Portal and Systemic Blood* 


Time After 
Zymosan 
Challenge, h 


Portal Blood Systemic Blood Pt 


256 — 71 90 + 49 
6 269 +48 87 + 28 .003 
10 2525 + 608F 1005 + 2621 .07 
24 2096 + 2141 925 + 1281 





*Values are mean+ SEM colony-forming units per milliliter. 

tComparison between colony-forming units of bacteria in portal vs systemic 
blood. NS indicates not significant. 

+P<.1 vs 2, 4, or 6 hours in that group. 


permeability, lymph flow and lymph protein flux were mea- 
sured in animals that received saline solution or zymosan. No 
significant differences were noted in the rate of mesenteric 
lymph flow among any of the three groups of animals before 
challenge with IP saline, the 0.1-mg/g dosage of zymosan, or 
the 0.5-mg/g dosage of zymosan. In the animals that received 
saline solution or the 0.1-mg/g dosage of zymosan, the lymph 
flow rate remained constant (Fig 4). In contrast, the rate of 
lymph flow increased in the animals that received the 0.5- 
mg/g dosage of zymosan as early as 1 hour after zymosan 
challenge and persisted throughout the 10-hour collection 
period (Fig 4). This increased rate of lymph flow was associ- 
ated with a concomitant increase in lymph protein flux in the 
rats challenged with the 0.5-mg/g dosage of zymosan (Fig 5). 
Thus, changes in lymph flow and lymph protein flux occurred 
only in the rats that received the 0.5-mg/g dosage of zymosan, 
and these alterations temporally preceded the effluence of 
bacteria from the mesenteric lymph. 


COMMENT 


Clinical evidence that suggests that loss of gut barrier 
function may play a role in the development of sepsis and 
multiple organ failure in patients with malignant disease, " 
burn patients," and trauma victims" has stimulated much 
recent interest in the phenomenon of bacterial translocation.’ 
Although it has been demonstrated experimentally that nu- 
merous factors may promote bacterial translocation," the 
anatomic route(s) by which bacteria spread from the gut to 
systemic organs remains unclear. As systemic inflammation 
has been implicated in the development of multiple organ 
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Fig 4.— The mesenteric lymph flow rates were similar in the saline 
control animals and the animals that received a zymosan dosage of 
0.1 mg/g. The animals that received a 0.5-mo g dosage of zymosan 
exhibited a significant increase immesenteric | mph flow 1 hour follow- 
ing zymosan challenge that persisted for 10 hours. Asterisks indicate 
P<.05 vs control anc 0.1-mg/g zymosan groups; dagger, °<.05 vs 
0.1-mg/g zymosan group. 
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Fig 5.— The mesenteric lymph protein flux was similar in the saline 
control animals and those that received a 0.1 mg/g dosage-of zymo- 
san. The animals that received a 0.5-mg/g dosa ge of zymosan had a 
significant increase in lymph protein flux (milligrams of protein per 
hour) beginning 1 hour following zymosan cha lenge that persisted for 
10 hours. Asterisks indicate P<.05 vs control and 0.1 -mg/g zymosan 
groups; daggers, P<.05 vs the 0.1-mg/g zymosan group. 


failure and sepsis," this study was undertaken to determine 
the route of bacterial translocation in a model of systemic 
inflammation. Zymosan, the major co ponent of baker's 
yeast (Saccharomyces cerevisiae), was chosen as the inflam- 
matory stimulant. Zymosan is a potent activator of tae alter- 
nate pathway of complement" and can also directly activate 
both neutrophils and macrophages. *? 

Our results demonstrate that the ph siologic response to 
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zymosan and zymosan-induced bacterial translocation is dose 
dependent. At the relatively low zymosan dosage of 0.1 mg/g, 
bacterial translocation was limited to the MLN complex, and 
the animals manifested no signs of systemic toxicity. This 
contrasts markedly with the response seen at a zymosan 
dosage of 0.5 mg/g, in which systemic bacterial translocation 
and sepsis occur with a cumulative mortality rate of 40%. 
These findings are consistent with those of Schirmer and 
colleagues," who demonstrated that progressively increasing 
dosages of zymosan resulted in progressively deteriorating 
stages of what resembled a hyperdynamic septic state. In 
addition, other data (E.A.D., R.D.B., and A. C. Kemper, 
PhD, and R. D. Specian, PhD, unpublished data, 1990) have 
recently shown, in mice, that the magnitude of zymosan- 
induced gut mucosal injury, bacterial translocation, sepsis, 
and mortality are all dose dependent. 

The establishment of a reproducible dose-dependent model 
of zymesan-induced bacterial translocation enabled us to ex- 
amine the possible routes of bacterial translocation after in- 
flammation. At a zymosan dosage of 0.1 mg/g, the transloca- 
tion of bacteria to the MLN complex was not associated with 
an increase in mesenteric lymph flow or lymph protein flux, 
and the portal blood and mesenteric lymph remained sterile. 
On the other hand, at the higher dosage of zymosan, 0.5 mg/g, 
the systemic spread of translocating bacteria was associated 
with bacteria in portal blood and mesenteric lymph. Zymosan 
at a dosage of 0.5 mg/g also induced a significant increase in 
both mesenteric lymph flow and lymph protein flux, which 
occurred before the appearance of bacteria in the efferent 
lymph. Although these changes in lymph flow and protein flux 
are consistent with an early and sustained increase in micro- 
vascular permeability, they can also be explained by an in- 
crease in intestinal blood flow.” Thus, mucosal blood flow 
studies will be required to determine unequivocably whether 
these zymosan-induced changes in lymph flow and protein 
flux are due to an increase in microvascular permeability or 
due to the induction of a hyperdynamic circulation. 

Wells et al^? have reported that intestinal macrophages 
can phagocytize inert latex particles and live bacteria from 
the gut and then transport them to the MLN complex. ”” 
They hypothesized that once the bacteria are transported to 
the MLN complex, they may eventually gain access to the 
systemic circulation via the thoracic duct and thus spread to 
systemic organs.* This may explain in part the mechanism 
of bacterial translocation caused by injection of a low dosage 
of zymesan. However, when a higher dosage of zymosan is 
given, although phagocytie transport may still occur, our 
results point to the portal blood as being of greater impor- 
tance in the dissemination of viable bacteria to systemic or- 
gans. We believe that the portal route is of primary impor- 
tance in the zymosan-induced inflammatory model, as at the 
earliest time at which viable bacteria could be recovered from 
the liver or spleen, bacteria were present in 87% of portal 
blood samples but in only 25% of efferent mesenteric lymph 
samples. Furthermore, the numbers of bacteria in the portal 
blood were 18 times greater per unit volume than in the 
mesenteric lymph. Schirmer et al” have shown that normal 
effective hepatic blood flow in the rat is approximately 
5 mL/min per 100 g and is decreased to approximately 4 
mL/min per 100 g in zymosan-treated rats. Because portal 
blood flow is approximately 75% of effective hepatic blood 
flow,"^ the portal blood flow of a zymosan-treated rat weigh- 
ing 450-g would be approximately 810 mL/h. Therefore, at 4 
hours following zymosan challenge, the approximate num- 
bers of bacteria exiting the portal vein per hour (2.1 - 0.6 x 10° 
CFUs/k) were 11 500 times greater than the number exiting 
via the mesenteric lymph (18-36 CFUs/h). Although the 
number of bacteria exiting the MLN complex per hour 
reached a plateau by 7 hours following injection, by 10 hours 
the numbers of bacteria in the portal blood (2.1+0.4 x 10° 
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CFUs/h) were still nearly 7000 times greater than in the 
mesenteric lymph (296+ 130 CFUs/h). This magnitude of 
portal bacteremia is even more impressive when one consid- 
ers that the portal blood is normally sterile,"" even in pa- 
tients with cancer” or liver disease." 

The hepatic Kupffer cells are usually able to clear the portal 
blood of gut-derived endotoxin and microorganisms." How- 
ever, Kupffers cell function may be depressed in hepatic 
ischemia,” and numerous investigators have demonstrated a 
marked reduction in effective hepatic blood flow as early as 
2 to 3 hours following the administration of zymosan ^^^ or 
the development of a septic state." Thus, massive portal 
bacteremia plus hepatic ischemia could conceivably over- 
whelm the hepatic reticuloendothelial system, allowing viable 
bacteria to gain access to the systemic circulation. Our study 
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results are consistent with this concept, as the incidence anc 
magnitude of portal bacteremia were greater than systemic. 
bacteremia in rats challenged with a 0.5-mg/g dosage of 
zymosan. | 
In conclusion, the magnitude of the inflammatory insult 
appears to affect both the route and magnitude of bacterial 
translocation from the gastrointestinal tract. Phagocytie 
transport of bacteria from the gastrointestinal tract to the 
MLN complex may occur under normal conditions or after a 
minor inflammatory insult primarily via the lymphatic sys- 
tem. However, after an inflammatory insult of the magritude 
induced by the administration of a 0.5-mg/g dosage of zymo- 
san, the primary route of bacterial translocation from the 
gastrointestinal tract to systemic organs appears to be viathe 
portal vein. 
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high rate of splenic infection if the contaminated blood passed directly — 
into the portal vein? Is it possible that peritoneal contamination ^ 
played a role in splenic infection? Pe 

DR MAINOUS: Work is still in progress concerning histologic . 
changes in the gut and evidence for direct bacteria! invasion. Animals ^ 
with total parental nutrition-induced translocation do not show evi- 
dence of hematogenous spread of bacteria. Only the use of high doses. 
of zymosan leads to hematogenous translocation. The response to: 
zymosan is known to involve complement activation. "is 
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Effect of Exogenous Growth Hormone on 
Whole-Body and Isolated-Limb Protein 
Kinetics in Burned Patients 


Dennis C. Gore, MD; Darcy Honeycutt, MD; Farook Jahoor. PhD; Robert R. Woife. PhD; David N. Herndon, MD 


© The effect of growth hormone on protein kinetics was as- 

sessec in burned patients during the hyperdynamic phese using 

N15 lysine and balarece data across the leg. Levels cf resting 

energy expenditure anc cardiac index were comparably elevated 

in all patients, but leg blood flow was greater in the patients 

receiving growth hormone. Growth hormone therapy (C.2 mg/kg 

per day) significantly stimulated protein synthesis in the whole 

body and in the studied leg. A hyperinsulinemic clamp, which 

raised the insulin concentration to more than 1435 pmol/L of 

blood, caused comparable stimulation of lag protein syrthesis in 

patients not receiving growth hormone, but did not further in- 

crease protein synthesis in the growth hormone-treated pa- 

(^ tients. These results suggest that administration of exogenous 

*- 0 growth hormone may limit the peripheral protein wasting in se- 

~ verely injured patients by a mechanism similar to that of insulin. 

(Arch Surg. 1990;125:38-43) 


c E T he catabolism and protein wasting associated with severe 
4. burns leads to loss of lean body mass, impaired wound 
healing, and depressed immunity." Most important, the mag- 
nitude of protein loss is elosely correlated with clirical out- 
come.’ To counter this catabolic response, humar growth 
. hormone and high-eslorie nutritional supplementation has 

_ been administered to patients with severe burns." This regi- 
men resulted in a:teruation of urinary nitrogen loss, hence 
sparing protein and lean body mass. Jiang et al’ further 
demonstrated that human growth hormone blunted protein 
eatabclism following major intra-abdominal operations, as 
dicated by significantly less loss of body weight and urinary 
nitrogen in recombinant human growth hormone 
(rHGH)-treated patients than in placebo-treated patients 
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despite inadequate nutritional intake. These findings strong- 


ly suggest that administration of exogenous growth hormone 
improves protein economy after injury. It is, therefore, im- 
portant to identify the mechanisms responsible for this im- 
provement in protein balance. To delineate growth hormone’s 
effect en whole-body and isolated-limb (ie, muscle) protein 
kinetics in burned patients, N15 lysine was infused in 10 
severely burned patients during their hyperdynamic flow 
phase after injury. To determine the relationship between 
growth hormone and insulin, the infusion of N15 lysine was 
continued during a hyperinsulinemie, euglycemic, eukalemic 
clamp period. 


PATIENTS AND METHODS 


Ter severely burned patients participated in this double-blind, 
randomized study, as approved by the Institutional Review Board of 
the University of Texas Medical Branch. The patients were statisti- 
cally similar in characteristics (Table 1) Of these patients, four 
received rHGH in dosages of 0.2 mg/kg of body weight by daily 
intramuscular injections from admission until discharge, while the 
control group eomprised the other six patients, who received similar 
volumes of carrier as placebo. Unrestricted oral diets were supple- 
mented as necessary with enterally delivered milk or soy-based milk 
substitutes to meet a calculated daily calorie requirement of 
7560 kJ'm" of body surface area, plus 9240 kJ/m of burned surface 
area. This formula has been found to maintain body weight in severe- 
ly burned patients treated by early excision.’ All patients received 
within 12% of this calorie goal during the week prior to the study. 
Patients were similar in resuscitation; manner of operative care, with 
early excision of the entire burn wound; and use of closed, antimicro- 
bial-impregnated dressings for superfieial wounds. All burn wounds 
were débrided within 48 hours of admission and covered with 4:1 
meshed autografts as available and 2:1 meshed cadaveric allograft 
overlays. Meshed allografts were placed over the remaining open 
wound until further autograft became available with healing of the 
donor site. Additional operations were performed within 24 hours of 
healing of the donor site, usually at intervals of one week or less. 
Following the induction of anesthesia in preparation for these graft- 
ing procedures, femoral arterial and venous catheters were placed. 
These studies were performed during the second and third weeks 
after injury while the patients were hyperdynamic and hypermetabo- 
lic, as confirmed by elevated resting energy expenditure (REE) and 
cardiac index values (Table 2). The morning after grafting, and 6 
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Table 1.— Patient Characteristics* 










Control rHGH-Treated 
Patients Patients 
(n=6) (n=4) 


Age, y 16+3 13+6 
Percentage of TBSA burned 63+6 77x 


Percentage of third-degree 38-5 52+ 
burns 


Weight, kg 51+7 37+13 


-J | C0 


BSA, m? 1.52+0.16 1.14+0.29 
Leg volume, 100 mL 8.6+2.4 5.3 1.8 
Percentage of burns to the 

leg being studied 46+13 69+15 


No. of days studied after burn 16+3 19+3 


*Data are means+SEMs. rHGH indicates recombinant human growth 
hormone; TBSA, total body surface area; and BSA, body surface area. 


Table 2.—Hyperdynamic Response* 


Control rHGH-Treated 
Patients Patients 
(n=6) (n=4) 
REE/m? of BSA 1275+103 1511+160 
REE/predicted REE 1.30+0.11 1.534 2.18 
Cardiac index, liters of blood/min 
per square meter of BSA 
(normal range, 2.4-4.8) 8.3 —- 0.8 8.6 — 2.8 





*Values are means + SEMs. rHGH indicates recombinant human growth 
hormone; REE, resting energy expenditure; and BSA, body surface area. 
Predicted REEs were calculated usirg the Harris-Benedict equation. 


hours pricr to beginning the study, patients had all enteral and 
parenteral nutrition discontinued. In addition, albumin, acezate, and 
blood produets were withheld prior to the study. 


Study Protocol 


The 4-heur metabolic study began at 8 AM in these postabsorptive 
patients, and all infusions were via central venous accesses. N15 
lysine (99% enrichment, MDS Isotopes, Montreal, Quebec) was in- 
fused continuously at a rate of 0.06 mol/kg of body weight per minute 
during all 4 hours of study, beginning immediately after a priming 
bolus (4.8 wmol/kg of body weight). After 2 hours of baseline mea- 
surements, insulin (Novolin Regular, Nova Laboratories, Princeton, 
NJ) was acministered by continuous infusion at a rate of 250 mU/m' of 
body surface area (Fig 1). Throughout the 2 hours of insulin infusion, 
plasma glucose and potassium levels were monitored at 10- and 20- 


. minute intervals, respectively (Autoanalyser, Beckman Instru- 


ments, Fullerton, Calif; Autocal IL 643 Flame Photometer, Instru- 
mentation Laboratory, Lexington, Mass), and infusions of dextrose 
in water (20g/dL) and potassium chloride (0.05 mmol/L in a 0.9% 
saline solution) were varied to maintain euglycemia levels of 
4.9+0.05 mmol/L (89 * 0.9 mg/dL) of blood and eukalemia levels of 
0.034 2.0001 mmol/L (3.4+0.1 mEq/mL) of blood (mean + SEM). 
Blood samples for determining isotopic enrichment and amino acid 
concentrations were drawn simultaneously from the femoral arterial 
and venous catheters prior to beginning infusion of N15 lysine and 
again at 16-minute intervals during the final 45 minutes of both the 2- 
hour basa! and hyperinsulinem:e periods. Arterial concentrations of 
growth hormone, insulinlike growth factor-1 (IgF-1, somatomedin 
C), insulin, glucagon, and cortisol were measured during the basal 
period anc at the conclusion of insulin infusion. Urine was collected 
from an ir-dwelling Foley catheter during each of the 2-hcur study 
periods. 

To quantitate the degree of aecelerated hemodynamics and metab- 
olism, REE was determined by indirect calorimetry using a metabol- 
ie cart (MMC Horizon System 4400, Sensormedics, Anaheim, Calif), 
and cardiac output was determined by the indocyanine green-dye 
dilution technique (Lyons Medical Instrument Corp, Van Nuys, 
Calif). Lez blood flow was determined by dilution of a bolus of 
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Measurements N's Lysine 
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D um 
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Injection ZZ 


t TQ|" withdrawal at 
10 mL/min 


Cardiac Output Computer 





Fig 2.—Determination of leg blood flow. 


indocyanine green dye in the extremity. This entailed continuous 
aspiration of blood (Harvard Pump, Sage Instruments, Boston, 
Mass) from the femoral vein at a rate of 10 mL/min threugh a 
photometer as a 5-mg bolus of indocyanine green dye was injected 
into the femoral artery. The subsequent depreciation of the spectro- 
photometric measurement of plasma indocyanine green dye then 
reflected extremity perfusion as measured by a cardiac output com- 
puter and confirmed graphically (Lyons Medica! Instruments Corp, 
Van Nuys, Calif) (Fig 2). Leg volume was assessed by the integration 
of circumference measurements of the calf, thigh, and foot at 5-em 
intervals along the length of the leg. 


Analysis of Samples 


Whole blood was collected in ice-cold heparinized tubes, and an 
aliquot was deproteinized immediately with ice-cold 15% sulfosalicy- 
lic acid for determination of amino acid concentration (121 M Autoana- 
lyzer, Beckman Instruments Inc, Fullerton, Calif). The remaining 
whole blood was stored in an ice bath until completion of the study, 
when plasma was separated and stored at — 20°C. Enrichment of 
plasma lysine was determined from its N-acetyl propyl ester deriva- 
tive with a gas chromatography-mass spectrometry system (5985 B, 
Hewlett-Packard, Palo Alto, Calif) set for selective ion monitoring . 
For each study, an aliquot of the infusate was also analyzed for the 
exact isotope concentration to calculate the actual infusion rate. 
Growth hormone, IgF-1, cortisol, glucagon, and insulin levels were 
measured by an independent laboratory using radioimmunoassay 
techniques (SmithKline Beecham Clinical Laboratories, Van Nuys, 
Calif). Twelve-molar hydrocholoric acid (0.5 mL) was added to each 
urine sample and stored at 4°C until analysis for total urinary 
nitrogen (Carlo-Erba Instrumentations, Rodano, Italy). 
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Calculations 


Total Body Protein Kinetics. -— Whole-body protein loss was eal- 
culated from total urinary nitrogen and expressed in grams-of protein 
per kilogram of body weight per day, assuming 6.25 g of protein per 
gram cf nitrogen. The rate of lysine flux was considered an index of 
the prctein breakdown rate (PBR) and determined from the following 
standard isotopic steady-state equation’: 


IE of Infusate 
IE ef Arterial Sample at Plateau 


in which Lys Ra indieates rate of lysine flux (micromoles per kilogram 
of body weight per minute); IE, isotopic enrichment expressed as a 
tracer-tracee ratio; and 1, rate of infusion of the isotope (micromcles 
per kilogram per minute). The actual PBR was calculated from the 
Lys Ra in grams of pretein per kilogram of body weight per day, 
assuming 3.4 pmol of lysine per milligram of nitrogen’ and @.25 mg of 
protein per milligram of nitrogen. The rate of whole-body protein 
synthesis was then deduced from the absolute difference between net 
proteir loss and the rate of protein breakdown: 
Whole-Body Protein Loss = PBR — Synthesis Rate 

Isolsted-Limb Protein Kinetics. — Net balance of lysine was ex- 
pressed per unit (100 mL) of leg volume and calculated asing the 
following equation. 


Lys Ra = xI 





NB=F x (Art — Ven), 


in which NB indicates net balanee (micromoles per minute per 100 mL 
of leg volume); F, extremity blood flow (liters per minute per 100 mL 
of leg volume); Art. femoral arterial lysine concentration (micro- 
moles); and Ven, femora! venous lysine concentration (micromoles), 
Thus, a negative net balance reflects the net release of lysine from the 
limb. Because lysine is not known to be metabolized by peripheral 
tissues." the rate of its appearance (Ra) from the limb reflects protein 
breakdown (micromoles of lysine per minute per 100 mL of leg 
volume), and the rate of its disappearance (Rd) in the limd reflects 
protein synthesis (micromoles of lysine per minute per 100 mL of leg 
volume. These two rates are determined as previously described by 
Cheng et al' from the swe equations below. 


Ra= F x Art x [((Ea/Ev) ~ 1] 
NB = Ra ~ Rd, 


in which F indicates extremity blood flow (liters per minute per 100 
mL of leg volume); Art. femoral arterial lysine concentraticn (micro- 
moles); Ea, femoral arterial enrichment of lysine; and Ev, femoral 
venous enrichment of lysine. 





Tabie 3.—Leg Blood Flow, L/Min per 100 mL of Leg Volume* 










Control rHGH-Tieated 
Patients Patients 
(n6) (n4) 










Basal 170-041 _ 2.67 +@.29t 
1.79: 0.09 2.905 + 8.36t 


*Data are means SEMs. rHGH indicates recombinant human growth 
. hormone. 
. TP«.05 compared with control patients, as determined by Student's t test 
^ with unequal variance. 


















Growth 


Hormone, pg/L IGF-1, U/mi. 
. Normal range | «B —— 22-318 
Cortrol patients 2x04 ju 60 +16 
rHGH- Treated patients 73:22* . 189 + 14* 
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Table 4. — Basal Hormone Concentrations* 


*Values for control patients and patients treated with recombinant human growth hormones (rHGH) are means + SEMs. IGF indicates insulin-like growth factor. 


A Student's independent ! test was employed for statistical com- 
parisons between patient groups, while a Student's paired t test was 
used to assess variations in basal and clamp conditions within each 
group. Results are presented as means + SEMs, and P<.05 was 
accepted as significant. 


RESULTS 


There were no significant differences in the major determi- 
nants of patient characteristics (Table 1). However, the pa- 
tients receiving growth hormone tended to have more exten- 
sive burns, both in total body area affected and percentage of 
the study leg burned. They were also smaller. The hemody- 
namic and metabolic parameters of both groups were similar- 
ly higher than the normal range of values, indicating their 
hyperdynamic, hypermetabolie state (Table 2). Resting ener- 
gy expenditures were 153% +0.18% higher than those pre- 
dicted by the Harris-Benedict equation" in the rHGH-treated 
patients, compared with 130% + 0.11% higher than predicted 
for the control group. Both groups also had similarly elevated 
cardiac indexes, with rHGH-treated patients having a mean 
cardiac index of 8.6 + 0.8 L/min per square meter and control 
patients having a value of 8.3+0.8 L/min per square meter 
(normal range, 2.4 to 4.8 L/min per square meter). Blood flow 
to the studied leg significantly increased (P<.05), both in the 
basal state and during insulin infusion, in the rHGH-treated 
patients compared with the control group (Table 3). This 
elevation in leg blood flow may have been due to the greater 
percentage of leg area burned in the rHGH-treated patients." 

Levels of growth hormone and IgF-1 were significantly 
elevated (P<.05) in patients receiving daily exogenous rHGH 
(Table 4). The samples from which these levels were ascer- 
tained were drawn 1 to 3 hours after rHGH injection. Thus, 
the values in Table 4 are peak growth hormone levels." Plas- 
ma concentrations of insulin and glucagon were higher in the 
rHGH-treated patients (410 + 85 pmol of insulin/L of plasma, 
474 + 153 ng of glucagon/L of plasma) than in their placebo- 
treated patients (265+130 pmol of insulin/L of plasma, 
231 + 59 ng of glucagon/L of plasma) (Table 4). 

Compared with the control group, rHGH-treated patients 
had significantly diminished loss of urinary nitrogen (Table 
9). However, hyperinsulinemia did not further decrease uri- 
nary nitrogen loss in the rHGH-treated patients. In contrast, 
insulin markedly reduced urinary nitrogen excretion in the 
control group (P<.05). Growth hormone-treated patients 
also had lower concentrations of venous and basal plasma 
arterial lysine compared with the control group (P<.05). 
Either growth hormone or insulin diminished the net balance 
of lysine from the leg (Table 6). 

Analysis of whole-body protein kineties demonstrated an 
increased rate of protein turnover with rHGH treatment and 
elevations of the rates of both protein breakdown (5.04+ 
0.14 g/kg of body weight per day in rHGH-treated patients vs 
4.44 * 0.24 g/kg of body weight per day in the control group) 
and protein synthesis (4.08 + 0.16 g/kg of body weight per day 
in rHGH-treated patients vs 2.78 + 0.41 g/kg of body weight 
















insulin, pmol/L. Glucagon, ng/L. Cortisol, nmol/L 
35-180 50-200 190-740 
265 * 130 231 +59 800+ 110 
410+ 85 474 x 153 470 :- 110 
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Table 5.—Net Loss of Urinary Nitrogen, mmol/kg/d* 


Control rHGH-Treated 
Patients Patients 
Patient State (n=6) (n=4) 


10.9+1.9 
9.1+1.0 


Basal 13.9+3.4 
19.1+1.0 


Hyperinsulinemia 





*Values are means+SEMs. rHGH indicates recombinant humen growth 
hormone. 
+P<.03 cempared with control patients. 


Table 6.—Lysine Concentrations pmol/L* 


rHGH-Treated 
Patients 


T. d a laa 








Control Patients 
MM 






Basal Clamp Basal Clamp 
Venous 108 —4 95-6 77+2 72+6 
Net difference —11+3 —1-2t —3+2} —1+2 





*Values ase means + SEMs. Clamp refers to the lysine concentration during 
the final 30 minutes of an euglycemic, hyperinsulinemic clamp procedure. 
rHGH indicates recombinant human growth hormone. 

tP<.05. 

+P<.06 cempared with control patients. 


per day in the control group; P<.05) (Fig 3). The marked 
increase n protein synthesis induced by administration of 
exogenous growth hormone effected a reduction in the net 
protein loss by almost 50% ( — 0.96 + 0.17 g/kg of body weight 
per day in rHGH-treated patients vs — 1.66 +0.29 g/kg of 
body weight per day in the control group; P — .06). In control 
patients, the 2-hour infusion of insulin resulted in increased 
rates of protein synthesis without affecting protein break- 
down, effecting a significant reduction in the rate of net 
protein less (—1.66+0.29 g/kg of body weight per day in 
control petients during the basal period vs — 0.89 + 0.09 g/kg 
of body weight per day in control patients during the insulin 
clamp precedure; P<.05). In contrast to the control group, 
the hyperinsulinemic clamp procedure in rHGH-treated pa- 
tients did not significantly affect protein turnover (Fig 3). 

Lysine kinetics of the leg, used as an index of muscle 
protein kinetics, paralleled the changes in whole-body protein 
kinetics. For example, rHGH therapy markedly increased leg 
protein synthesis (17.8+2.0 jumol/min per 100 mL of leg 
volume in eontrol patients vs 42.4 + 11.9 pmol/min per 100 mL 
of leg volume in rHGH-treated patients; P<.05) without 
significantly affecting protein breakdown (Fig 4). These cu- 
mulative effects of rHGH therapy on muscle protein reduced 
the cross-limb net release of lysine by 50% (Fig 4). Insulin 
induced a significant increase in the rate of protein synthesis 
in the control patients (17.8 + 2.0 pmol/min per 100 mL of leg 
volume in control patients during the basal period vs 
44.3+8.3 pmol/min per 100 mL of leg volume in control 
patients during the insulin clamp procedure; P<.05). Because 
a minima. ehange in muscle protein breakdown occurred in 
the eontrol patients, insulin significantly reduced the nega- 
tive net protein balance from the leg ( — 19.8 5.2 jumol/min 
per 100 mL of leg volume in control patients during the basal 
period vs —2.4 4.3 pmol/min per 100 mL of leg volume in 
control patients during the insulin clamp procedure; P<.05). 
In contrast, insulin had no substantial effect on muscle protein 
breakdown, synthesis, or net balance in the rHGH-treated 
patients. 


COMMENT 


This experiment demonstrated that rHGH significantly 
increased levels of whole-body and muscle protein synthesis. 
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Fig 3.—Effect of recombinant human growth hormone (rHGH) and 
insulin on whole-body protein kinetics. 


Mean + SEM 
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Fig 4.— Effect of recombinant human growth hormone (rHGH) and 
insulin on leg protein kinetics. Rd indicates rate of disappearence of 
lysine, and Ra, rate of appearance of lysine. 


With only moderate alterations in protein breakdown, the 
augmentation of protein synthesis led to a diminished net 
protein loss as reflected by decreased urinary nitrogen excre- 
tion and reduced negative net protein balance in the study 
limbs of rHGH-treated patients. However, the exogenous 
infusion of insulin to well above the normal physiologie level 
did not significantly alter protein kineties in the patients 
receiving rHGH. In contrast, this same quantity of insulin 
caused significant stimulation of both whole-body and muscle 
protein synthesis in the control patients. 

Two previous clinical studies also demonstrate increased 
whole-body protein turnover induced by rHGH therapy." 
Ponting et al” showed a positive response in nitrogen balance 
with daily administration of exogenous growth hormone for 7 
days in patients who had undergone major gastrointestinal 
surgery, while a negative nitrogen balance was evident in 
control patients. Using the N15 glycine method, they demon- 
strate significant elevations in both whole-body protein 
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breakdown and synthesis with rHGH therapy. Furthermore, 
Jiang et al,‘ in a similar study that also used N15 glycine to 
_ measure protein kinetics in patients following abdcminal op- 
erations, showed that rHGH increased both protein break- 
down and synthesis.‘ The values of whele-body protein kinet- 
ies after growth hormone treatment in these two studies are 
similar to the results obtained with the N15 lysine method 
used in this study. However, the burned control patients in 
our study had higher whole-body protein turnover compared 
. with the control patients who underwent abdomina! surgery, 
Which is probably a reflection of their more extensive injuries. 
This study has extended the whole-body protein analysis 
by also investigating the response to protein metebolism in 
the leg. Because mest protein in extremities is incorporated 
as muscle, studies of protein balance in the leg incorporate 
assessment of muse.e protein kinetics. In addition, the burn 
wound on the leg studied may also have contributed to the net 
protein balance. Because lysine is an essential aminc acid with 
no ev:dence of per:pheral metabolism,’ it is an ideal tracer for 
determining protein kinetics of the leg. Because these studies 
were performed when the subjects were in the postabsorp- 
tive state, lysine eould have originated only from protein 
breakdown. This, together with the observation that lysine is 
not metabolized by muscle tissue, suggests that the additional 
lysine that appeared in the femoral venous effluent emanated 
from protein breakdown. To our knowledge, this is the first 
study in which lysine has been used tc measure limb protein 
kinetics. Most previous studies of extremity metabclism have 
used leucine as an amino acid tracer. However, leucine can be 
metabolized peripherally, so that its presence may not accu- 
rately reflect muscle protein kinetics unless its oxidation and 
transamination within the limb is aecounted for as described 
in the model of Cheng et al.’ This variance in levels of muscle 
protein kinetics would be even more exaggerated in severely 
burned patients, whose leucine oxidation rates are known to 
be inereased by as much as 100%." The most striking differ- 
ence between the results obtained with lysine vs leucine as a 
tracer is that the lysine tracer indicated significant stimula- 
tory effect of insulin on protein synthesis, but no effect on 
protein breakdown. When leucine is used as a tracer, insulin 
appears to inhibit protein breakdown without altering protein 
synthesis." Although we can postulate that these different 
responses are due to artificial results when leucine is used as a 
tracer, stemming from insulin's action on peripheral leucine 
oxidation, these diserepancies have not been resolved. Nev- 
ertheless, the findings in this experiment using isotopically 
labeled lysine are consistent with a wealth of in vitro data 
demonstrating that skeletal muscle synthesis appears to be 
. extremely responsive to insulin by a variety of methods.’™ 
‘To elucidate the possible mechanism underlying the anabo- 
lism induced by growth hormone, a hyperinsulinemic, eugly- 
_ cemic, eukalemic clemp precedure was performed. This pro- 
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cedure demonstrates that administration of exogenous 
growth hormone inhibited the responsiveness of muscle pro- 
tein synthesis to insulin. This could indicate that growth 
hormone and insulin affect protein kinetics by a common 
mechanism and that, because even a large pharmacologic 


. dosage of insulin did not improve protein economy, growth 


hormone therapy of 0.2 mg/kg of body weight per day has 
maximized this response. Several studies have shown that 
growth hormone induces insulin resistance to peripheral glu- 
cose metabolism, resulting in inereased plasma insulin con- 
centrations for maintenance of stable plasma glucose levels.^?! 
The eievation in basal insulin concentration in the rHGH- 
treated patients in this study is consistent with the notion that 
rHGH induces insulin resistance to peripheral glucose up- 
take. However, resistance to glucose does not necessarily 
imply a resistance to the effect of insulin on protein kinetics. 
Shangraw et al” and Jahoor et al” showed that, in septic 
patients who were markedly resistant to the hypoglycemic 
action of insulin, insulin effectively stimulated potassium up- 
take and improved net protein balance. It is, therefore, plau- 
sible that the primary effect of growth hormone is to increase 
insulin concentrations and that this increase in insulin is 
responsible for the observed changes in protein kinetics. 

Rather than acting via a mechanism that increases insulin, 
growth hormone may also act via a mediator with membrane 
receptor characteristics in common with those of insulin. 
Manscn and Wilmore” hypothesize that this common media- 
tor may be insulinlike growth factor-1 (IgF-1, somatomedin 
C) and cite several investigations that demonstrate signifi- 
eant e:evations in IgF-1 after rHGH therapy.' In addition, a 
recent study by Herndon et al" did not demonstrate any 
change in donor-site healing in burned patients who received 
dosages of rHGH inadequate to significantly elevate IgF-1. 
Doubling the dosage of rHGH caused significant improve- 
ment in the rate of donor-site healing coincident with a statis- 
tically significant increase in IgF-1 levels. Furthermore, infu- 
sion of IgF-1 into human subjects markedly improved protein 
balance, while greatly increasing glucose uptake.” This effect 
on glucose uptake is in direct contrast to the response of 
growth hormone, so, not all metabolic actions of growth 
hormone can be attributed to IgF-1. 

Exogenous growth hormone and insulin appear to be equal- 
ly effective in stimulating protein synthesis in severely 
burned patients. Administration of growth hormone rather 
than imsulin may be more practical clinically because exoge- 
nous insulin requires simultaneous administration of glucose 
and frequent monitoring of plasma glucose concentration. On 
the other hand, the insulin resistance caused by growth 
hormone could contribute to excessive hyperglycemia during 
high nutritional intakes. Therefore, the optimal approach for 
diminishing catabolism in the burned patient remains 
uncertain. 
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Discussion 


‘DOUGLAS WILMORE, MD, Boston, Mass: The authors studied 10 
burn patients, six of whom were controls, and only four of whom 
received growth hormone, and concluded that this anabolic hormone 
enhances whole-body and skeletal-muscle protein synthesis. These 
findings have been shown previously. This study raises the following 
questions: (1) Resting skeletal-muscle blood flow ranges from 2 to 
4mL per 100 mL of leg volume, and the inflammatory response of the 
wound should account for an even greater blood flow. Thus, I am 
highly suspicious of the values you obtained to measure blood fow, 
values tha: appear quite low, ranging from 1 to 3 mL per 100 mL cf leg 
volume. Could you tell us the normal values using this technique, and 
how you assessed the accuracy of this method? (2) Your gluccse clamp 
studies did not enhance protein synthesis in the four patients receiv- 
ing growth hormone, yet exerted an effect in the control group. Two 
hours of insulin infusion will clearly change distribution of amino acids 
across cell membranes, and that is what you may be measuring. Could 
you provide evidence that the 2 hours of insulin infusion is actually 
enhancing protein synthesis, and that the calculations are not a 
reflection of amino acid redistribution? (8) When making both leg and 


-whole-body measurements, one can relate leg to whole-body mea- 


surements. Could you tell us the relationship between whole-leg 








lysine flux and whole-body lysine flux? (4) You suggested that the 
effects of growth hormone may be mediated through insulin. Do you 


have clinical evidence that insulin exerts wound healing effects, and, 
if so, should we all be giving insulin to cur patients? oe 
DR GORE: Dr Wilmore brought up several points. One is the |. 
verification of the leg blood flow data. I was unable to gain access toa 
plethysmograph but verified our method using an animal model. In 
this animal model, the femoral artery and femoral vein were cannu- 


lated and the femoral vein blood flow was measured. I correlated my -> 


measured blood flow measurements to the actual flow, and the mea- 
sured blood flows from my cardio green dye determinatior were 
approximately 20% less than the actual measurements. I also have 
some results of the cardio green dye leg blood flow measurements in 
normal patients and those results average about 0.5 mL/kg of body 
weight, which is about three times less than my results with the burn 
patients. 

Another aspect in question was the effect of insulin on protein 
synthesis rates. These results are of a short duration as insulin affects 
and whether their effects reflect an absolute increase in protein 
synthesis or merely alter the cellular quantity or quality of theamino 
acids, I do not know. I also do not know if insulin could be used to 
augment wound healing. Growth hormone tends to increase giucose 
levels, which is certainly less deleterious than the glucose-lowering 
effect of insulin. Growth hormone may therefore have more applica- 
bility than insulin in the long-term treatment of burn patients. 


ERRATUM 


In the discussion on page 1315 of the October 1990 issue of the ARCHIVES, the remarks under the 

name of C. James Carrico, MD (second entry) should have been listed in the discussion of the article 

| that follows. This error was graciously ealled to our attention by the editor of Surgery, Walter F. 
| Ballinger, MD, who carefully reads the ARCHIVES. — The Editor 
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* To evaluate our experience with fungal burn wound infec- 
tion, we performed a 1 r review for comparison with our 
experience with bacterial burn wound infection. During the study 
period, a marked decline occurred in bacterial wound infection 
but not in fungal wound infection. Patients with either bacterial or 
fungal burn wound infection had massive Injury, with burn size 
averaging greater then 50% of the total body surface area. Fac- 
tors that appear to have markedly reduced bacterial burn wound 
infection, including patient isolation, topical chemotherapeutic 
agents, and burn wound excision, do not appear to have had a 
similar effect on fungal wound infection. The mechanism of 
spread and colonization of fungi, and the lack of effective topical 
chemotherapeutic antifungal agents, may explain in part our 
findings. 

(Arch Surg. 1991;126:44-48) 


| ‘he use of effective topical chemotherapeutic agents to 
_ 4 reduce proliferation of microorganisms in the burn 

wound is one of several burn-specific treatments that have 
_ resulted in improved survival of burn patients during the past 
50 years. The commonly used topical chemotherapeutic 
agents (mafenide acetate, silver nitrate, and silver sulfadia- 
zine) have had a major influence in the reduced incidence of 
-. gram-negative burn wound infection, which, before the intro- 
- duction of mafenide acetate in 1964, was the leading cause of 
death in burn patients treated at our institution.’ In associa- 
tion with the use of effective topical chemotherapeutic 
agents, we have noted an increased incidence of “opportunis- 
tie” infections of the burn wound caused by yeasts and fungi.’ 
. Serious fungal infections are rare in individuals with a 
normal immune system. They usually occur in patients who 
are immunosuppressed, either by a disease process or by a 
therapeutic intervention. Fungal infections are commonly 
reported in patients who have undergone transplantations 
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and in those with the acquired immunodeficiency syndrome, 
malignant neoplasms, and severe injuries as well as in critical- 
ly ill patients who have received antibacterial antibiotice ther- 
apy.’ Burn injury also results in altered immune function, 
which is reflected in part by the development of anergy, 
tolerance to skin heterografts, and the decreased responsive- 
ness cf peripheral mononuclear cells to mitogenic stimuli.‘ 
The magnitude of immunosuppression is related to the extent 
of burn injury. The alterations of immune function in the burn 
patient, along with the destruction of the skin barrier, appear 
to increase the susceptibility of the burn patient to fungal 
infections. A common site of fungal infection in the burn 
patient is the burn wound, and the most common fungal 
organisms that cause burn wound infection are those that 
belong to the classes Plectomycetes (Aspergillus), Blasto- 
myces (Candida), and Zygomycetes (Mucor, Rhizopus).° 

We performed a 10-year review of our recent experience 
with fangal burn wound infection. During the same period, we 
noted a marked reduction in the incidence of bacterial burn 
wound infection. Herein, we describe the differences in man- 
agement of bacterial and fungal wound infections and possible | 
explanations for the differences in the incidence of bacterial f 
and fungal burn wound infections during the study period. 


PATIENTS, MATERIALS, AND METHODS 


During a 10-year period (July 1979 to June 1989), 2114 patients with 
thermal injury were admitted to oür burn center, The medieal rec- 
ords and autopsy protocols of the patients were reviewed and form 
the basis of this study. Of the 2114 patients admitted, 209 (9.9%) 
developed histopathologically confirmed burn wound infection. Burn 
wound nfeetion was defined as the histologic identification of miero- 
organisms in viable tissue below or adjacent to the burn wound.” With 
the patient under local anesthesia, biopsy specimens were obtained 
from areas of the burn wound suspeeted to be harboring infection 
(Table 1). The typical appearance of a wound harboring an invasive 
fungal infection is shown in Fig 1. The diagnosis of burn wound 
infectien was confirmed by histopathologic (frozen-section or rapid 
permanent-section) examination of the biopsy specimen. A represen- 
tative microscopic section that shows fungal burn wound invasion is 
shown in Fig 2. A portion of the biopsy specimen was also sent for 
culture. Representative samples of surgical and autopsy specimens of 
the burn wound were also submitted for permanent-section examina- 
tion. The current scheme used to classify the depth of burn wound 
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Table 1.—Local Signs of Burn Wound Infection 


Conversion of partial-thickness injury to full-thickness necrosis 

Focal or generalized brown, black, or violaceous discoloration cf the 
burn wound 

Rapid separation of eschar layer 

Hemorrhagic discoloration of the subeschar tissue 

Green pigment in subcutaneous fat 

Red or black nodular lesions in unourned skin (ecthyma gangrenosum) 

Edema and/or red or black discoloration of unburned skin at the wound 
margin 

Centrifugal spread of subcutaneous edema with central wound necrosis 
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Fig 1.—Typical appearance of fungal burn wound infection. Note the 
discoloration of the wound. 
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Fig 2.—Fungal elements present in a biopsy specimen of the burn 
wound (stage 2b) (hematoxylin-eosin, x 300). 


colonization or infection is listed in Table 2. 

Topical antimicrobial chemotherapy of the burn wound during the 
study period consisted of the alternating application of mafenide 
acetate in the morning and silver sulfadiazine in the evening. Prophy- 
lactic systemic administration of antibiotics was not used. Systemi- 
cally administered antibiotics were used to treat infections diagnosed 
clinically or by blood culture. The type of antibiotic initially adminis- 
tered depended on the predominant organism encountered at our 
burn center at that time. Antibiotic therapy was subsequent_y guided 
by patient-specific culture, sensitivity reports, and the patient's 
response. 

When gram-negative burn wound infection was diagnosed, mafen- 
ide acetate applied twice daily was used as the sole topical agent. 
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Table 2.—Classification of Microbial Status of Wounds 


Stage 1: Wound colonization 
1a: Superficial colonization 
1b: Microorganisms in nonviable tissue 


1c: Microorganisms at the interface of viable tissue 
Stage 2: Invasive infection 

2a: Microinvasion of viable tissue 

2b: Deep or generalized invasion of viable tissue 

2c: Microvascular invasion 





Therapy with systemically administered antibiotics, usually an ami- 
noglycoside and a semisynthetic penicillin, was begun, and a semisyn- 
thetic penicillin (carbenicillin sodium) was injected twice daily into 
the subeschar tissue below the infected burn wound." If the infection 
was controlled by these measures and the patient's condition permit- 
ted, the involved area was surgically excised. Placement of auto- 
grafts was usually delayed for several days following the burn wound 
excision, during which time the excised wound was covered with a 
biologic dressing. 

Patients with invasive fungal infections were treated primarily b 
wide surgical excision of all of the infected tissue." Gentian violet, 
dilute 0.5% sodium hypochlorite (Dakin's solution), and 1% clotrima- 
zole cream were used as antifungal topical chemotherapeutic agents 
in some patients. Systemic administration of amphotericin B was 
reserved for patients with clinically suspected or proved dissemin- 
ated fungal infection or in those patients with microvascular (stage 
2c) invasion, as identified on a histopathologic section of the burn 
wound. 


RESULTS 


Two hundred nine (9.996) of the 2114 patients admitted 
during the 10-year study period developed burn wound infec- 
tion based on histopathologic examination of the burn wound. 
Fungal burn wound infection occurred in 141 of these pa- 
tients, and bacterial burn wound infection occurred in 68 
patients. Patients with fungal burn wound infection had a 
mean age of 37 years and a mean burn size of 62.5% of the total 
body surface area (BSA); 47% of these patients had inhalation 
injury, and the mortality rate in this group was 74.59». Pa- 
tients with bacterial burn wound infection had a mean age of 
32.6 years and a mean burn size of 54.4% of the total BSA; 51% 
of these patients had inhalation injury, and the mortality rate 
was 70.6%. The annual incidence of histopathologically docu- 
mented bacterial and fungal burn wound infection is listed in 
Table 3. The annual incidence of fungal burn wound infection 
was relatively stable during the 10-year period, while there 
was a marked reduction in the incidence of bacterial burn 
wound infection beginning in 1983. Twenty-one of the pa- 
tients with fungal burn wound infection died of disseminated 
fungal disease. The annual incidence of disseminated fungal 
disease is listed in Table 4. 

The causative organism (species) for fungal burn wound 
infection could not be identified in every case due to the 
relatively low yield (approximately 30%) of recovery from 
tissue sample cultures.” In those cases in which a causative 
organism could be identified, either by culture results or by 
the characteristic morphologic appearance of the organism on 
microscopic examination, organisms found had the following 
frequencies: Aspergillus species and Fusarium species, 68%; 
Candida species, 18%; Mucor species and Rhizopus species, 
9.1%; and Microspora species and Alternaria species, less 
than 5% each. 

During the early part of the study period, three patients 
required amputation of an extremity to control the spread of 
fungal infection or to completely encompass all infected tis- 
sue, including one patient who required a hip disarticulation 
to control an invasive Mucor burn wound infection. During 
the last 30 months of the study, 24 patients were identified as 
having fungal burn wound infection. These patients were 
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Table 3. —Annual Incidence of Burn Wound infection* 








No.of Bacterial Burn Fungel Burn 
Acmissions Wound infection Wound infection 







Year 










1£79 (0.5 year} 140 9 6. 4) 7 6) 

1980 325 20 (8.9) 23 (10.2) 

1881 229 12 (5.3) 6 (2.6) 
19 (3.1) 








19 (10.2) 










1985 197 2(1 | 10 (5.1) 
1986 206 1 (0.5) 13 (3.3) 
1997 221 3 (1.4) 11 (5) 
1988 223 3 (1.3) 9 (3) 






1989 (0.5 year) ) 
*Vaiues are number (percent of total admissions). 


1 (1.1 9 (10) 





Table 4. — Annual incidence of Disseminated Fungal Disease, 
1979-1989 


1 
2 
1 
2 
2 
7 
1 
3 
1 
0 
1 





treated with a consistent regimen of topical therapy (clotri- 
mazcle) and wound cébridement. Disseminated fungal infec- 
tion developed in only two of these patients, anc none re- 
quired an amputation to control the fungal infectior. 

In the 21 patients who died of disseminated fungal disease, 
the following visceral organs were involved: lungs +15 cases), 
heart (12 cases), kidreys (10 cases), brain (four cases), thyroid 
gland (one case), and liver (one case). Organisms caused 
disseminated fungal infection with the following frequencies: 
Aspergillus species, 71%; Candida species, 19%; and Mucor 
species, Rhizopus species, and Fusarium species combined, 
10%. Six of the patients were noted to have fungal 
thrombophlebitis. 


COMMENT 


The patients who developed burn wound infection of either 
fungal or bacteria: origin had massive injury, with an average 
burn size of 62.5% of the tetal BSA in the group with fungal 
infection and 54.4% of the tetal BSA in the group with bacteri- 
al infection. We aiso noted a high incidence of inhalation 

injury: 47% in the ^ungal infection group and 51% in the 
bacterial infection group. The severity of injury is reflected in 
the high mortality rate noted in each group: 74.5% in patients 
with fungal infection and 70.6% in patients with bacterial 
infection. 

Burn wound infection was suspeeted when there was a 
characteristic change in the appearance of the burr (Table 1) 
or when blood cultures were positive for organ:sms that 
commonly cause burn wound infection. A rapid histologic 

technique was used to examine biopsy specimens o? the burn 
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wound to confirm the diagnosis of burn wound infection. 
Cultures of the burn wound biopsy specimen were performed 
to assist in the identification of the eausative organism but 
were not used to diagnose burn wound infection. 

Burn wound infection, both fungal and bacterial, diagnosed 
by biopsy specimen and histopathologic examination, was 
treated with a combination of techniques that have been 
demonstrated to reduce mortality caused by both types of 
infection. For bacterial burn wound infection, this included 
systemically administered antibioties, subeschar clysis of a 
semisynthetic penicillin, and the use of an absolute topical 
chemotherapeutic agent, mafenide acetate. Surgical excision 
of the involved tissue was performed if the patient's condition 
permitted. The excised wound was initially covered with a 
biologie dressing, and placement of autografts was delayed 
until there was no evidence of residual infection. This was 
done in an attempt to minimize loss of autograft due to prolif- 
eration of microorganisms in the wound bed. Control of the 
burn wound infection was documented by histopathologic 
examination of biopsy specimens obtained before surgery or 
of the tissue excised during surgical débridement of the 
wound. 

Fungal wound infections were treated primarily by wide 
surgical excision of all infected tissue. Delays in the placement 
of autografts and use of biologic dressings were similar to that 
described for bacterial burn wound infection. Previous re- 
ports have described the frequent necessity to amputate to 
compietely excise all the infected tissue to control aggressive 
fungal infections of the extremities.” Early identification of 
fungai infection from biopsy specimens followed by appropri- 
ate surgical therapy has decreased the need for amputation to 
contrel progressive infection, as only three amputations were 
required during the study period. 

During the study period, there was a marked decrease in 
bacterial burn wound infection but very little change in the 
incidence ef fungal burn wound infection. The decrease in 
bacterial burn wound infection occurred in 1983. In 1982- 
1983, the protocol at our burn center was changed from an 
open-ward to an isolation (one bed per room) intensive care 
unit (ICU). During the opening of the new ICU, an admission 
and staffing plan was designed to prevent contact between 
patients admitted to the newly opened ICU and those who 
had been cared for on the open-ward ICU. The opening of the 
new facility was associated with the elimination of an endemic 
strain of Pseudomonas and an overall reduction in gram- 
negative infections." Improved isolation techniques, com- 
bined with effective topical chemotherapy and early excision 


and grafting of the burn wound, appear to have markedly , 
decreased the incidence of bacterial burn wound infection in | 
our urit. 


The incidence of fungal burn wound infection, in contrast, 
remained remarkably stable during the same period. The true 
fungi are ubiquitous in the environment and can be cultured 
from heating and ventilation duets, wound dressing supplies, 
laundry items, and plants and soil." Candida colonization of 
the burn wound appears to be primarily from endogenous 
sources." The spread of endemie strains of gram-negative 
bacteria occurs primarily via patient-to-patient contact or 


dissemination by the hospital staff. Fungi, yeast, and gram- 
positive bacteria appear to have an additional, airborne route 


of spread from the hospital environment. While the change to 
single-bed ICU rooms appears to have been effective in the 
cessation of miniepidemies of gram-negative burn wound in- 


fection, it has not been as effective in decreasing the spread of ; 


fungi, yeast, and gram-positive organisms. 

Despite the ubiquitous distribution of fungi in the hospital 
envircnment, serious fungal infections are quite unusual in 
the immunecompetent host.” The massive burn injury of the 
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the total BSA) is associated with alterations in host defense 
mechanisms, including neutrcphil function, lymphocyte sub- 
population distribution, and immunoglobulin production." 
While none of the changesi in immune function can be pinpoint- 
ed as the cause of the increased susceptibility to infection that 
is observed in burn patients, it is probable that an association 
exists between these changes and the occurrence of fungal 
-infections in the burn patient. At present, no technique reli- 
ably altersthe immune system in the burn patient, other than 
the prevention of complications and the achievement o? early 
wound closure. The use of systemically administered antibac- 
terial antibietics, which suppress normal flora and appear to 
increase the risk of fungal infections, should be reserved for 
documented infections and used only for the period necessary 
to control the infection. 

Topical ehemotherapy consisting of mafenide acetate, sil- 
ver nitrate, or silver sulfadiazine is effective, in both experi- 
mental and clinical settings, in decreasing the proliferation of 
bacteria in the burn wound. No similar topical agent with 
proved effectiveness in experimental burn models is available 
to decrease the proliferation of yeast and fungi in the burn 
wound. Several topical antifungal chemotherapeutic agents 
may prove te be useful in burn patients. Clotrimazole, applied 
as a 1% cream, is an effective agent against Candida in 
patients without burns and is also useful in the treatment of 
dermal infections caused by dermatophytes”; it is not useful in 
the treatment of systemic fungal infections. Clotrimazole is 
poorly absorbed through normal skin, and its ability te pene- 
trate the burn eschar is unknown. This agent was used to 
treat a number of the patients in this study, usually after a 
biopsy-preved diagnosis of fungal wound colonization (stage 
* 1c) or fungal wound infection (stage 2) was made; it was not 
applied to the burn wound prophylactically. Nystatin is a 
polyene maerolide antibiotic similar to amphotericin B. It is 
available cniy for topical or oral use because of toxic effects 
associated with parenteral administration. It is effective 
against Candida species and most of the true fungi. In one 
study,” nystatin (100 000 U/mL) mixed 1:1 with silver sulfadi- 
azine was believed to effectively decrease the incidence of 
Candida burn wound infection and septicemia. In that study, 
the diagnosis of Candida burn wound infection was based in 
part on euiture and not on histopathologic examination of the 
burn wound. Also, the criteria used to define sepsis were 
nonspecific and did not require positive blood cultures. Be- 
cause of taese factors, that study alone cannot be used to 
document the effectiveness of nystatin in the treatment of 
4 candidal burn wound infection. Moreover, the clinica: effec- 
' tiveness of nystatin against other fungi in burn patients re- 
mains unproved. The possibility that topical antifungal 
agents, such as nystatin, may interact with and alter or 
decrease the effectiveness of other topical agents when they 
are combined must be considered when such drug combina- 
tions are used. 

System:eally administered amphotericin B should be used 
to treat patients who are suspected, on clinical grounds, to 
have disseminated fungal infection, who exhibit evidence of 
spread of fungal infection beyond the confines of the burn 
wound, or who have microvascular involvement detected on 
wound biopsy specimen (stage 2c). The use of amphotericin B 
may be associated with serious toxic effects, including fever, 
nephrotoxic effects, electrolyte disturbances, and hypoten- 
sion." Because of these toxic effects, amphotericin B should 
: to treat patients with localized fungal burn wound 
f infection who do not exhibit evidence of either microvascular 
invasion or systemic disease. Prompt surgical débridement of 
" — . the infected tissue should be performed in this setting. Sever- 
^.  alderivat:ve forms of amphotericin B have been developed, 
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including liposomal amphotericin B and amphotericin. B meth- . 
yl ester." These agents may be less toxic than the standard 
form of amphotericin and may also offer increased antifungal 


specificity. Promising results with these derivatives nave 
been obtained in clinical trials." 
necessary to enable widespread clinical use. 

Other systemic antifungal agents include flucytosine, mi- 


conazole, ketoconazole, and fluconazole and are most cften — 


used in combination with amphotericin B in the treatment of 
systemic fungal infections caused by the Blastomycetes. Ke- 
toconazole will penetrate the brain and cerebrospinal ‘uid 
and may be useful for fungal meningitis or a brain abscess.” 


Fluconazole has proved useful as single-agent therapy in the ~ : 


treatment of disseminated candidal and cryptococcal imfec- 


tions." The effectiveness of these agents either alone er in dE 
eombination with amphotericin B for disseminated fungal 


infection caused by the filamentous fungi remains unproved. 


Our findings emphasize the need to perform histopathelog- 


ic examination of the burn wound to diagnose the presence of 
burn wound infection. The yield of fungi from cultures of burn 


wounds is not high, even when fungi are visible on microseopie 


seetions. Those organisms that are recovered by eulturemay 
take days or even weeks to grow, which severely limits the 
clinical utility of such a culture. Biopsy and frozen-seetior and 
rapid permanent-section analysis of the burn wounc prcvide 
clinically relevant information on the microbial statas of the 
wound and permit prompt institution of appropriate 
treatment. 

Fungal burn wound infection, which currently occurs in 
approximately 7.5% of our admissions each year, is now the 
most common infectious complication involving the burn 
wound at our burn center. Factors that led to a declime in 
bacterial burn wound infection appear to have had little effect 
on the incidence of this complieation. Early biopsy diagnosis 
of this complication, followed by the institution of appropriate 
therapy, primarily surgical débridement of the involved area, 
appear to have limited some of the adverse consequences of 
this complication, such as the need for amputation to eontrol 
the infection and the development of disseminated fungal 
disease. This is documented by the low incidence of dissemi- 
nated fungal infection and lack of need for ampu:aticn to 
control fungal infection during the final 30 months of the study 
period, during which a consistent treatment regimen was 
utilized. Fungal burn wound infection occurs most often in 
patients with extensive burn wound injury, who have a high 
mortality rate related to the extent of injury per se. The 
development and testing in experimental animal models of 
effective topical antifungal chemotherapeutic agents, fol- 
lowed by clinical trials of sueh agents, may enable the burn 
surgeon to identify means by which the proliferation of fungi 
in the burn wound can be controlled and the incidence of 
fungal burn wound infection reduced. 
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Discussion 


develepment of fungal infection? What is the role of serial prospective 
wound biopsies? 

DR LINEAWEAVER: What is your current topical therapy, and 
what concentration of Dakin's solution was used? 

DR WALTER: There are three sources of fungi: leaky plumbing, 
rugs, and, the major one, air handling. The problems created by 
fiberglass in ducts and its interaction with high and low humidity are 
factors to be considered. 

DR PECK: What fungal prophylaxis do you employ, and what 
topical anti-microbial treatment do you use? 





-Fungal Burn Wound Infection—Becker etal 
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BRIEF SUMMARY @F PRESCRIBING INFORMATION 
TIMENTIN® sterile ticarcillin disodium for Intravenous 
and clavulanate potassium Administration 
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of infections caused by susceptible strains of the designated 


organisms in the cenditions listed below: 
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producing strains bsiella spp., E. coli, S heey aureus 


and Pseudomonas aeruginosa (and other Pseudomonas species). 
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Klebsiella spp. Bane and Joint Infections: caus2d by §-lactamase 
oducing strains at Staphylococcus aureus. Skin and Skin Structure 
(nections caused by B-lactamase producing strains of 
taphylococcus aureus, Klebsiella spp., and E. coli. Urinary Tract 
ns (complicated and uncomplicated): caused by §-lactamase 
producing strains «f E. coli, Klebsiella Spp., eudomonas aeruginosa 
(and other Pseudomonas species), Citrobacter Spp., Enterobacter 
cloacae, Serratia marcescens, and Staphylococcus aureus. 
j ions: Endometritis caused by B-lactamase 
producing strains 3f 8. melaninogenicus; Enterobacter spp. (including 
E. cloacae’), Escherichia coli, Klebsiella pneumoniae,’ Staphylococcus 
aureus, and Staphetococcus epidermidis. 

While TIMENTIM is indicated only for the conditions listed above, 
infections caused Sy ticarcillin susceptible organisms are also 
amenable to TIMENTIN treatment due to its ticarcillin content. 
Therefore, mixed infections caused by ticarcillin susceptible organisms 
and §-lactamase ponen organisms susceptible to TIMENTIN 
should not require the addition of another antibiotic. 

ADVERSE REACTIONS: As with other penicillins, the following 
adverse reactions may occur: Hypersensitivity reactions: skin rash, 
pruritus, urticarsa, arthralgia, myalgia, drug fever, chills, chest 
discomfort, and anaphylactic reactions. Central nervous system: 
headache, giddiness, neuromuscular hyperirritebility or convulsive 
seizures. Gastromtestinal disturbances: disturbances of taste and 
smell, stomatitis, flatulence, nausea, nd diarrhea, epigastric 
pain. Hemic and Lymphatic systems: thrombocyto nia, leukopenia, 
neutropenia, eosimophilia and reduction of hemoglobin or hematocrit. 
Prolongation of prothrombin time and bleeding zime. Abnormalities 
-of hepatic and renal function tests: elevation of serum aspartate 
aminotransferase (SGOT), serum alanine aminotransferase (SGPT), 
serum alkaline eye serum LDH, serum bilirubin. Rarely, 
transient hepatitis and cholestatic jaundice-as with some other 
penicillins and seme cephalosporins. Elevation of serum creatinine 
and/or BUN, hypernatremia. Reduction in serum potassium and uric 
acid. Local reactions: pain, burning, swelling and induration at the 
injection site anc thrombophlebitis with intravenous administration. 
Overdosage: As with other penicillins, TIMENTIN in overdosage has 
the potential to cause neuromuscular hyperirritability or convulsive 
seizures. Ticarcillm may be removed from circulation by hemodialysis. 
The molecular weight, degree of protein binding and pharmacokinetic 
profile of clavulanic acid together with information from a single 
patient with rena’ insufficiency all suggest that this compound may 
also be removed » Mr en 

CONTRAINDI NS: TIMENTIN is contraindicated in patients 
with a history of hypersensitivity reactions to ry td the penicillins. 

ARNINGS: SERIOUS AND OCCASIONALLY FATAL 
HYPERSENSITIWITY (ANAPHYLACTOID) REACTIONS HAVE BEEN 
REPORTED IN PATIENTS ON PENICILLIN THERAPY. THESE 
REACTIONS ARE MORE LIKELY TO OCCUR IN INDIVIDUALS WITH A 
HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR A HISTORY 
OF SENSITIVITY TO MULTIPLE ALLERGENS. THERE HAVE BEEN 
REPORTS OF INDIVIDUALS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE REACTIONS 
WHEN TREATEB WITH CEPHALOSPORINS. BEFORE INITIATING 
THERAPY WITH TIMENTIN, CAREFUL INQUIRY SHOULD BE MADE 
CONCERNING PREVIOUS HYPERSENSITIVITY REACTIONS TO 
PENICILLINS, ZEPHALOSPORINS, OR OTHER DRUGS. IF AN 
ALLERGIC REACTION OCCURS, TIMENTIN SHOULD BE 
DISCONTINUED AND THE APPROPRIATE THERAPY INSTITUTED. 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE 
EMERGENCY TREATMENT WITH EPINEPHRINE. OXYGEN, 
INTRAVENOUS STEROIDS, AND AIRWAY MANAGEMENT, INCLUDING 
INTUBATION, SHOULD ALSO BE PROVIDED AS INDICATED. 

PRECAUTIONS: While TIMENTIN possesses the characteristic low 
toxicity of the penicillin group of antibiotics, organ system functions 
should be assessed periodically during therapy. 

Bleeding mansfestations have occurred in some patients receivin 
B-lactam antibiotics. These reactions have been associated wit 
abnormalities epesguiation tests such as dotting time, platelet 
aggregation ang prothrombin time and are more likely to occur in 
paeme with renal impairment. If bleeding manifestations appear, 

IMENTIN treatment should be discontinued and appropriate therapy 
instituted. 

TIMENTIN mw 
Periodic monit 


receiving prolonged therapy. 

Pregnancy "Category B): Reproduction studies have been 
performed in rats given doses up to 1050 mg/kg/day and have 
revealed no evioence of impaired fertility or harm to the fetus due to 
TIMENTIN. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproduction studies are 
not always predictive of human response, this drug should be used 


ei ts V npe an if clearly needed. 

DOSAGE AMD ADMINI TRATION: TIMENTIN should be 
administered by intravenous infusion (30 min.). Usual recommended 
dose for systemic and urinary tract infections for average (60 kg) 
adults is 3.1 Gm TIMENTIN (3.1 Gm vial containing 3 Gm ticarcillin 
and 100 mg clawulanic Mid pven every 4 to 6 hours. For gynecologic 
infections TIMENTIN should be administered as follows: Moderate 
infections 200 mg/kg/day in divided doses every 6 hours and for 
severe infections 300 mg/kg/day, based on ticarcillin content, in 
divided doses every 4 hours. For patients weighing less than 60 kg. 
the recommended dosage is 200-300 mg/kg/day, based on ticarcillin 
content, given « divided doses every 4 to 6 ħours. In urinary tract 
infections, a dosage of 3.2 Gm TIMENTIN jo Gm vial containing 3 


Yi rarely been reported to cause hypokalemia. 
serum potassium may bə advisable in patients 


Gm ticarcillin and 200 mg clavulanic acid) given every 8 hours is 
adequate. Please see official package insert tor details on dosages for 
other patients, cluding those with renal insuficiency, and directions 


for use. 
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Doctor ~ 
Guilty or Innocent? 


Collective action by independently practicing 
physicians can violate U.S. antitrust laws, and 
physicians must proceed very cautiously. 


Case in point: 


Have you ever discussed your fees with 
another physician? Or shared your feelings 
about an HMO or PPO plan with other MDs 
in town? Unless the doctors you talked to 
were your partners, you may have violated 
US. antitrust laws and could face criminal 
prosecution. If found guilty of price fixing or 
group boycott, you could be fined, sentencec 
and stripped of your license. 


This may he the most important book you'll ever read: 


Collective Negotiation and Antitrust 
A Guide for Physicians 


The American Medical Association, Office of 

the General Counsel, has published this book 
to help you avoid antitrust pitfalls and improve 
your ability to bargain effectively with payors. 





. To Order, Call Today: 1-800-621-8335 - 





Price: $5.00 (AMA Members) 
$7.50 (Non-members ) 
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Pathophysiologic Glucocorticoid Levels and 


Survival of Translocating Bacteria 
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gum * Burn wound sepsis in rats results in sustained corticoste- 
,  . Foneelevations and the prolonged presence of translocated bac- 
| eria in the mesenteric lymph. nodes (MLNs). To determine if 
-. . survival of bacteria in the MLNs may be influenced by pathophys- 
|». felogic corticosterone levels, MLNs werequantitatively analyzed 
from rats randomized to the following groups: burn wound sep- 
sis (BI); Bl with adrenocortical response attenuated by cyclo- 
sporine (cyclosporine/Bi); or cyclosporine/Bi with corticoste- 
rone replacement (cyclosporine/BI--P). Although rates of 
bacterial transiocation were similar, corticosterone levels were 
significantly different among the three groups and correlated 
with the number of iyn and the rumber of enteric bacte- 
_ tla present per gram. o* MLN. Thus, pathophysiologic elevations 
of corticosterone levels during sepsis may exert an effect that 
allows survival of translocated bacteria in the MLNs of rats, 
perhaps due to glucocorticoid-associated alterations in regional 

immunity. 

(Arch Surg. 1991 ;126:50-55) 


acterial translocation, the passage of viable enteric bacte- 
tm ria from the intaet gastrointestinal tract to the mesenteric 
|. lymph. nodes (MLNs) and beyond,’ oceurs transiently after 
-uncomplicated thermal injury in rats." However, the super- 
Amposition of an additional stress such as manipulation of the 
intestinal flora, endetoxin challenge, or burn wound sepsis 
results in an increased and prolonged incidence of bacterial 
translocation to the MLNs and a progression of translocating 
organisms to the viscera and bloodstream.” 

The initial bacteria! translocation oceurring after thermal 
injury alone appears to result from an ischemic intestinal 
insult that affects the ability of the gut to function as an 
adequate barrier against the absorption of intraluminal bacte- 
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ria and toxins.™ In the absenee of other stresses, this ischemic 
damage is apparently rapidly repaired, gut barrier function is 
restored, and transloeated enteric organisms are cleared 
from the mesenteric lymphatics. Complication of the initial 
injury by sepsis or other insults would appear to interfere 
with repair processes, producing prolonged gut barrier fail- 
ure and bacterial translocation. The pathophysiologic state 
operative in prolonged gut barrier failure and systemic pro- 
gression of translocated enteric organisms during the chronic 
injury state produced by injury with subsequent sepsis is 
unclear. In a rodent model of thermal injury and Pseudomo- 
nas burn wound infection, we have demonstrated that the 
prolonged gut barrier failure associated with sepsis is not due 
to intestinal ischemia, as oppesed to the transient gut barrier 
dysfunction that occurs after thermal injury alone.*'^ These 
findings imply that the gut barrier failure and bacterial trans- 
location associated with sepsis may be mediated by different 
mechanisms than those that occur after acute injury alone. 

Burn wound sepsis in rats elicits sustained and progressive 
elevations of plasma corticosterone levels. This counterregu- 
latory hormone response has been implicated in a number of 
the pathophysiologic alterations in metabolism and host de- 
fenses associated with injury and infection. ™! The purpose of 
the present study was to evaluate the role of elevated gluco- 
corticoid values in the prolonged presence of translocated 
enteric organisms in the MLNs during sepsis after injury. To 
this end, the glucocorticoid response to stress in rats was 
attenuated by pretreatment with eyelosporine, as previously 
described." Exogenous replacement of corticosterone then 
allowed the study of bacterial translocation during burn 
wound sepsis in rats under conditions of both pathophysiolog- 
ie and attenuated glucocortieoid responses. 

METHODS 
Study Design 
Male Wistar rats (weight, 3510+15 g) were randomized to the 


following groups: (1) 30% scald burn injury and infection created by 
immediate inoculation of the burn wound with Pseudomonas aeru- 
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. ginosa (BI) 





© 10-day pretreatment with cyclosporine (10 mg/kg per 


day) followed by burn injury and infection as just described(cyclo- 





sporine/BI); or (8) 10-day cyclosporine pretreatment as above, fol- 


lowed by barr: injury and infection with simultaneous subcutaneous 


s corticosterene pellet implantation (cyclosporine/BI + P). Animals 


were allowed free access to food and water, and they were killed on 
postburn days 1 and 4 for determinations of plasma corticasterone 
levels and for cultures for evidence of bacterial translocation. Addi- 
tional animals from each group were also killed on postburn cay 4 for 
quantitative and phenotypic MLN and peripheral blood lymphocyte 
determinations. Animals undergoing no additional manipulation 
(control) were used as baseline controls for comparison of each factor 
studied. Ail animal work was conducted in compliance with the 
National Institutes of Health Guide for the Care and Use of Laborato- 
ry Animals and was approved by the Institutional Animal Care and 
Use Committee of Cornell University Medical Center. 


Cyclosporine Administration 


/Cyslosperime oral solution (100 mg/mL, Sandimmune, Sandoz 
Pharmaceuticals Corp, East Hanover, NJ) was suspended in warmed 
saline immediately prior to use to obtain a final concentration of 
3.0 mg/mL. One milliliter of this suspension (10 mg/kg) was adminis- 
tered each morning by gavage to animals in the cyclosporine groups 
for 10 days. Cyelosporine administration was well tolerated by all 
animals and was not associated with alterations of either food or 
water intake. 








Burn Injury and infection 


Anesthetized animals underwent 30% scald injury produced by the 
method of Walker and Mason." Following burn injury, wounds were 
immediate!y inoculated with 1 x 10° P aeruginosa (PSA 59-1244) as 
previously described. By postburn day 4, this model produced 
histologic evidence of invasive Pseudomonas infection and the onset 
of clinical sepsis, as evidenced by anorexia, cachexia, conjunctival 
hemorrhage, and sustained and progressive elevations of plasma 


corticosterone levels, ^^ 


Corticosterone Pellet Preparation and Implantation 


Corticosterone pellets were prepared in advance by gently heating 
pure cortieosterone (Sigma, St Louis, Mo) until molten. Aliquots of 
100 mg were then molded into pellets approximately 6 to 7 mm in 
diameter end allowed to cool and solidify in a nitrogen atmosphere. 
Prior to recevery from anesthesia after the burn injury. a l-cm 
incision was ereated on the dorsal surface of the neck with implanta- 
tion of the pellet into a small subeutaneous pocket. Wounds were then 
closed with stainless steel clips. This method has previously been 
reported t» produce reliable elevations of plasma corticosterone lev- 
els for up to 6 days after implantation." 


Determination of Plasma Corticosterone Levels 
Early-morning samples of venous tail blood were collected prior to 


_,, death following minimal animal handling. Plasma was then separated 
W by centrifagation and stored at — 70°C until study. Corticosterone 


^. determinations were performed by radioimmunassay using the meth- 


od of Keith et al? that consisted of incubation of diluted plasma 
samples fer 20 minutes at 80°C to denature corticosteroid-binding 
globulin and other interfering proteins rather than extraction in 
diethyl ether. This procedure yields a sensitivity of the specific assay 
of the samples in this experiment of 1.6 u.g/dL. Plasma from adrenal- 
ectomized rats served as controls in the assay and consistently yield- 
ed results below the limit of detection. 


Cultures for Evidence of Bacterial Translocation 
Following. death, all MLNs, 100-mg sections of both iver and 


spleen, and 2.5 mL of blood from the inferior vena cava were removed 


by sterile technique and jlaced in individual sterile culture tubes 
containing 5 mL of brain-heart infusion (BHD broth, as described 


previouslv? All tissue specimens were weighed and then homoge- 





BET broth with sterilized Teflon-coated grinding reds (Fish- 





nized in BE 
er Scientific, Pittsburgh, Pa). Cecal contents were collected and 0.5 
mL was placed in 9.5 mL of BHI broth with serial dilutions performed 
in sterile saline. One-gram specimens of burn wounds were excised, 
homogenized as above in 5 mL of BHI broth, and serially diluted in 
saline. Aliquots, 200 uL, from each broth culture and dilution were 
plated on both sheep blood and MacConkey agar plates and incubated 
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at 37°C, and examined at 24 and 48 hours for growth. Cuitures 
demonstrating growth of any baeterial colonies were considered 
positive. The number of colony-forming units per gram of tissue was 
then ealeulated from the dilutions of the cecal contents and from all 
other positive cultures. 


Lymphocyte Studies 


Eight additional animals from each of the BI, eyclosporine/B1, and 
cyclosporine/BI + P groups not used for culture studies were kiBed on 
postburn day 4 by anesthetic overdose. Animals were then exsangui- 
nated by cardiac puncture; heparinized blood specimens and the 
entire MLN chain were removed, weighed, and placed in cold Hanks’ 
balanced salt solution. Lymphocytes were separated by the methods 
of Organ et al,” and quantitative determinations cf total lymphocyte 
counts were made from aliquots of cells obtained from both peripheral. 
blood and MLNs with the use of flow cytometry (Spectrum HE, .— 
Becton-Diekinson Immunocytometry Systems, Braintree, Mass) 





Cell surface phenotype was determined by immunofluorescenes, and _ 
monoclonal antibodies (Accurate Scientific, Westbury, NY) were 
used for T-cell, CD4, and CD8 antigens.” Total lymphocyte recovery, ^. 
normalized for body weight for the MLNs, as well as percent T cells 
and the CD4-CDS8 T-cell ratio (CD4/CD8) were then calculated for 


both the peripheral blood and the MLNs. 


Determination of the Bacteriostatic 
Activity of Cyclosporine 


Lyophilized Escherichia coli were incubated at 37°C in BHI broth : 
overnight and diluted to a concentration of 104 colony-forming 
units/mL as determined by optical density. One mililiter of this E colt 
preparation was then added to individual culture tubes containing 
9 mL of BHI broth with increasing log concentrations of cyclosporine, 
from 0 to 10 mg/mL. Culture tubes were ineubated for 24 hours, and 
200-pL aliquots from each tube were then plated in triplicate on blood 
agar plates. The bacteriostatic effect of cyclosporine was assessed by 
the mean number of colony-forming units per plate after 24 hours 
plotted against the cyclosporine concentration present in the media. 


Statistical Analysis 


Data are reported as the mean + SEM where appropriate. Qualita- 
tive culture results are reported as the number of animals with 
positive cultures for a particular tissue divided by the number of 
animals tested, where the presence of any enteric bacterial growth 
constitutes a positive culture. Statistical significance was assessed by 
x’ analysis with Yates’ correlation for qualitative culture resuits and 
by one-way analysis of variance separately for each day for the 
variables of body weight, plasma corticosterone levels, and quantita- 
tive culture results, with a P value of less than .05 considered signifi- 
cant. Newman-Keuls multiple-range testing was applied for means 
among groups demonstrating significance by analysis of variance 
within a single time point. 


RESULTS 


The cumulative body weight change in grams for the BI, 
cyelosporine/Bl, and cyclosporine/BI + P groups are shownin — 
Fig 1. Cyclosporine administration prior to injury and infec- — 
tion, illustrated by postburn days — 10 to 0, did not affect the — 
normal pattern of weight gain. Marked loss of body mass was 
seen among all groups with the onset of sepsis between post- 
burn days 1 and 4. | 

Ten-day cyclosporine administration did not signifieantly —— 
affect baseline plasma corticosterone levels prior to injury > 
(3.4+0.4 ug/dL in animals given cyclosporine vs 2.7+0.4— 
ug/dL in controls). However, the glucocorticoid respcnse to 
injury and subsequent infection was significantly attenuated 
in cyelosporine/BI animals compared with BI animals 
(7.8+1.4 pe/dL vs 15.0+1.4 pg/dL on postburn day 1, 
10.9 + 1.0 pg/dL vs 38.5 + 6.4 pg/dL on postburn day 4,P<.01 
for each time point). Subcutaneous pellet implantation signifi- 
cantly increased plasma corticosterone levels in cyclosporine- - 
treated animals to pathophysiologic levels (25.1 +3.4pe/dL 
in cyclosporine/BI + P animals vs 10.9+1.0 pg/dL in cyclo- | 
sporine/BI animals on postburn day 4, P<.01). 
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Fig 1.—Cumulative change in bedy weight for each of the three groups 
over the pretreatment and postburn periods. No significant differences 
were noted among groups at any time point. BI indicates burn injury; P, 
corticosterone pellet. (See “Study Design” section of the text for 
explanation of the groups.) 










Table 1.—Results of Qualitative Cultures of the MLNSs. Liver, 
Spleen, and Blood in All Groups* 


n  MLNs Liver Spleen 


Postburn day 1 
EI 






% (+) 
Blood 


Cyclosporine/BI 

Cyclosporine/Bl + P 
Postburn day 4 

BI 


Cyclosporine/BI 





*MLNs indicates mesenteric lymph nodes; BI, burn injury; P, corticosterone 
pellet; %( +), percent of animals with cultures positive for bacterial growth. For 
explanation of all the groups, see the “Study Design” section in the text. 


The results of qualitative cultures of the MLNs, livers, 
spleens, and blood are shown in Table 1. Cultures of all tissues 
from both the control and cyclosporine groups were sterile, 
confirming that cyclosporineadministration alone in rats does 
not result in bacterial translecation, as previously reported.” 
A high incidence of bacterial translocation to the MLNs (60% 
to 90%) occurred in all three injured g oups 1 day following 
30% seald burn and Pseudomonas wound inoculation, similar 
to that reported in our previous use of this model.’ The 
incidence of translocation to the MLNs increased by day 4 
after injury and wound inoculation, and it was associated with 
progression of enteric organisms to the abdominal viscera in 
all groups. There were no significant differences between the 
incidences of bacterial translocation to the MLNs er to the 
abdominal viscera among the groups on either postburn day 1 
or 4. As in other reports,” translocati g enteric organisms 
were predominantly E coli in all groups. 

Quantitative cultures, however, reveal significantly 
(P<.01) fewer enteric organisms per gram of MLN in the 
cyclosporine/BI group compared with the BI group on post- 
burn days 1 and 4 (Table 2). Restoration of pathophysiologic 
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Table 2.— Results of Quantitative Cultures of the MLNs and 
Abdominal Viscera for Enteric Organisms and Plasma 
Corticosterone Levels* 











#/gm #/gm__— Corticosterone, 











n MLN Organs g/dL 
Control 12 2.7 x 0.7 
Cyclosporine 12 3.4+0.4 










Postburn day 1 
B! 15.07 1.4 







27.2 +3.4ł 






1389 + 292 
72+ 26t 
806 + 291 


100 * 15 
83 +39 
156 +73 























10.9 —- 1.0f 
25.1+3.4 


Cyclosporine/BI 
Cyclosporine/BI+P 16 











*MLNs indicates mesenteric lymph nodes; BI, burn injury; P, corticosterone 
pellet; and #/gm, number of colony-forming units per gram of tissue. Values 
are mean + SEM. For an explanation of all the groups, see the "Study Design" 
section in the text. 

TP—.91 vs BI and cyclosporine/BI + P. 

IP-.9 vs BI. 









Table 3. — Results of Quantitative Cultures of the Cecal 
Contents and Burn Wound Biopsy Specimens in All Groups* 








#/gm 
n Cecum Burn Wound 
Control 12 2.8+1.3 x 108 Sr 







1.7 x 0.6 x 10° 






15.0 0.4 x 108 
13.3 + 5.6 x 10° 
15.0+2.5 x 10° 


2.2+0.4x 10’ 
1.5+1.2 x 10’ 














Cyclosporine/Bl 20 

Cyclosporine/BI + P 

Postourn day 4 
BI 















12 2.7+0.5 x 108 5.9+0.5 x 10? 


2.2 —- 0.9 x 108 5.7 * 0.7 x 10? 
8.5+2.0 x 108 5.7+0.6 x 10° 


*Values are mean+SEM gram-negative aerobes for cecal contents and 
mean + SEM for Pseudomonas aeruginosa for burn wound biopsy specimens. 
No significant differences were noted among groups at any time point. BI 
indicates burn injury; P, corticosterone pellet; and #/gm, number of colony- 
forming units per gram of tissue. For an explanation of all the groups, see the 
"Study Design" section in the text. 





Cyclosporine/BI 20 
Cvclosporine/Bl + P 16 








plasma corticosterone levels in cyclosporine-treated animals 
by peliet implantation (cyclosporine/BI + P) results in an in- 
creasean the number of translocated organisms present in the 
MLNS to the levels seen in the BI group. This finding was 
specifie to the MLNs, as there were no significant differences 
in the number of organisms present per gram of liver and 
spleen among the three groups (Table 2). Cyclosporine ad- 
ministration did not significantly affect either the cecal gram- 
negative flora or the growth of Pseudomonas in the burn 
wounds (Table 3). No significant bacteriostatic effect of cyclo- 
sporine on E coli could be demonstrated despite incubation in 
broth that contained concentrations of cyclosporine of up to 10 
mg/mL (Fig 2). 

The effects of the three experimental manipulations on 
lymphecytes in the MLNs and peripheral blood are shown in 
Table 4. The BI rats had significantly decreased MLN lym- 
phocyte recovery compared with controls, while cyclo- 
sporine/BI animals had significantly greater MLN lympho- 
cyte recovery than the BI group, approaching that seen in 
control. This cyclosporine effect on the MLN lymphocytes 
was largely reversed by exogenous corticosterone adminis- 
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(Cyclosporine) in Broth, mg/mL 
Fig 2.—The lack of bacteriostatic activity of cyclosporine is demon- 
strated by the growth of Escherichia coli in media with increasing 
concentrations of cyclosporine. No significant differences were noted 
in the number of colony-forming units at any of the concentrations 
tested. 


tration in the cyclosporine/BI + P group. Thus, the numbers 
of MLN lymphocytes in this model were inversely related to 
both the rumber of enteric organisms per gram of MLN tissue 
and plasma corticosterone levels. The percentages of T cells 
among MLN lymphocytes were similar in all three experi- 
mental groups, and they were decreased from control values. 
However, the CD4/CD8 T-cell ratio was increased in the BI 
and cyclosporine/BI + P groups compared with both eontrol 
and cyclosporine/BI groups. The effects of the experimental 
manipulations on the peripheral blood lymphocytes were less 
marked, although lymphocyte recovery was decreased in the 
BI groupcompared with the control group, and all three burn- 
infeeted groups had decreased peripheral blood CD4/CD8 
ratios. 


COMMENT 


Evidence for alterations in gut barrier function following 
thermal injury has been demonstrated in both humans and in 
animal models. Increased intestinal permeability to lactulose 
in burned patients" and bacterial translocation to the MLNs 
in animals? occur within 24 hours following a 20% to 30% total 
body surface area thermal injury. Gut barrier function is 
quickly restored with recovery from uncomplicated injury, as 
indicated by a normalization of intestinal permeability” and 
clearance of translocated organisms." However, the super- 
imposition of a focus of infection prolongs both inereased 
permeability to lactulose in humans” and bacterial transloca- 
tion in redents,’ suggesting chronic gut barrier dysfunction 
occurring in association with sepsis after injury. 

An ischemic intestinal insult appears to be responsible for 
the transient gut barrier damage seen short term following 
injury. Acute thermal injury is accompanied by diminished 
mesenteric blood flow in animal models." Furthermore, bacte- 
rial translocation after uncomplicated thermal injury in ro- 
dents is decreased by pretreatment with inhibitors of xan- 
thine oxidase,’ neutrophil degranulation,’ and angiotensin- 
converting enzyme,° or through maintenance of intestinal 
blood flow with mesenteric vasodilators” or fluid administra- 
tion.? Hewever, the onset of sepsis following thermal injury 
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Table 4.—Results of Lymphocyte Studies From the 
Mesenteric Lymph Nodes (MLNs) and Peripheral Blood in 
Each Group* 


Cyclosporine/ Cyclosporine/ 
BI BI «P 









Control BI 











MLNsT 
Lymphocyte 
recovery 


95 T cells 
CD4/CD8 


Bloodt 
Lymphocyte 
recovery 


37 +6| 
40 48 


24+ 3§ 
45+ 28 
4.9+0.4§ 


52-6 17-38 
5646 46-4 
3.40.4 6.3+0.9§ 






























1.7+0.2 1.00.28 1.60.4 1.50.2 


% T cells 64-5 | 44-68 56-7 
CD4/CD8  2.6-0.3 1.20.28 1.40.28 1.10.28 


*BI indicates burn injury; P, corticosterone pellet. Values are mean = SEM; 
data in burned animals are from postburn day 4. For an-explanation of all the 
groups, see the "Study Design" section in the text. 

{Millions of cells per MLN chain normalized for body weight. 

Millions of cells per milliliter of peripheral blood. 

§P<.05 vs control. 

\||P<.05 vs all groups. 

€«P— 05 vs BI and cyclosporine/BI + P. 
















does not appear to significantly alter intestinal blood flow,” 
and the above measures aimed at reducing intestinal ischemic 
damage are ineffective at preventing baeterial translocation 
that occurs during burn wound sepsis.’ Thus, although the 
initial gut barrier damage produced by acute thermal injury is 
ischemic in origin, the chronic gut barrier dysfunction associ- 
ated with sepsis appears to be mediated by other 
mechanisms. 

Simple thermal injury in rodents results in only modest and 
transient elevations of the plasma glucocorticoid corticoste- 
rone levels, while the superimposition of a source of infection 
after injury, such as in burn wound sepsis, results in sustained 
and progressively elevated corticosterone levels. As cortico- 
steroids have been shown to promote bacterial translocation 
in animal models," the purpose of the current study was to 
determine the role of pathophysiologic elevations of circulat- 
ing corticosterone levels in chronic gut barrier dysfunction 
and bacterial translocation occurring in association with 
sepsis. 

To achieve this end, the adrenocortical response to the 
combined stresses of thermal injury and Pseudomonas burn 
wound infection were attenuated by pretreatment with cyclo- 
sporine for 10 days (Table 2). Cyclosporine decreases steroid 
production by isolated rat adrenocortical cells in response to 
corticotropin stimulation by 30% to 40%.* Cyclosporine treat- 
ment in the dosage employed in this study has also previously 
been demonstrated to significantly diminish the adrenocorti- 
eal response to cold stress" and sepsis (unpublished data, 
S.K., W.GJ., A.E.B., J.RM., TIF, G.T.S. IH, 5. T5, 
1990) in Wistar rats, possibly through inhibition of synthesis 
of enzymes necessary for steroid production. Cyclosporine 
administration in rats has also been shown not to promote 


bacterial translocation,” in contrast to other potentially im- 


munosuppressive agents." 

Decreased plasma corticosterone levels in animals treated 
with cyclosporine prior to burn injury and infection (cyclo- 
sporine/BI group) were associated with the presence of fewer 
enteric organisms per gram of MLN tissue on both postburn 
days 1 and 4 compared with animals receiving burn injury and 
infection alone (Table 2). Reductions in the number of translo- 
cated bacteria in the MLNs following cyclosporine pretreat- 
ment were not due to alterations in cecal flora (Table 3), 
inhibition of growth of Pseudomonas in the burn wound 
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(Tabie 3), or delay in the onset of sepsis and cachexia (Fig 1) 
compared with burned and infected animals not receiving 
 eyclosporine. Furthermore, no significant bacteriostatic ef- 
fects of cyclosporine against fecal E coli growth in culture 
could be demonstrated (Fig 2), suggesting that cyclosporine 
did not have a direct inhibitory effect on translocated bacteria 
in the tissues. 
. The reduction in numbers of translocated enteric bacteria 
in the MLNs in association with cyclosporine was, however, 
reversed by the restoration of high circulating levels of corti- 
costerone (cyclosporine/BI + P group). The incidence of bac- 
terial translocation after burn injury and infection was not 
signifieantly influenced by corticosterone levels (Table 1), 
suggesting that different factors may govern the movement 
of enteric organisms beyond the intestinal lumen and their 
subsequent survivai within the MLNs. 

The adrenocortical response to severe stress may influence 
host defense, in part, by altering the numbers, subsets, and 
distribution of both cireulating and tissue-associated lympho- 
cytes. ^" Burn wound sepsis in rats, producing marked patho- 
physiologie elevations in plasma corticosterone levels, is ac- 
companied by significant alterations in the distribution of 
lymphocytes among the various lymphoid compartments,” 
including a threefold reduction in lymphocyte recovery from 
the MLN by postburn day 4 in the present study. These 
alterations in the MLN lymphocyte populations may be pre- 

vented by the administration of cyclosporine prior to burn 
injury and infection in a dose sufficient to attenuate the 
adrenocortical response to this stress. The restoration of 
pathophysiologic glucocorticoid levels by corticosterone ad- 
ministration (cyclosporine/BI + P group) was associated with 
significantly decreased numbers of MLN lymphocytes, ap- 
proaching that seen following burn injury and infection alone. 
uc These findings suggest that pathophysiologic elevations of 
_ corticosterone levels during sepsis may exert an effect allow- 
ing survival of translocated enteric bacteria in the MLN 8, 
perhaps due to an alteration in the mesenteric lymphocyte 





population. Lymphocytes would not appear to be involved in 
the primary process of translocation, as the incidence of bac- 
terial translocation in this model of sepsis was no different 
among the experimental groups. However, depletion of mes- 
enteric nodal lymphocytes may be associated with an attenu- 
ated ability of the MLN to contain and clear bacteria translo- 
cating from the gastrointestinal tract. Defects in bacterial 
clearance by the MLNs may be due to decreased numbers of B 
or helper T lymphocytes, which leads to inadequate antibody 
production and impaired bacterial opsonization. Bactericidal 
effects of T cells on gram-negative bacteria have also been 
demonstrated in vitro,” and in vivo augmentation of T-cell 
function is associated with a reduction in the number of viable 
bacteria in the MLNs following induction of cecal bacterial 
overgrowth.” Glucocorticoids may also alter macrophage re- 
sponses to endotoxin and bacterial challenge." Failure of 
MLN function due to alterations in lymphocyte populations 
and macrophage activation is consistent with recently pro- 
posed mechanisms of bacterial translocation.” As the cortico- 
sterone response in this model was attenuated but not abro- 
gated, it is also possible that modest elevations of 
corticosterone levels may facilitate the immune response 
while markedly elevated concentrations are immunosuppres- 
sive. Thus, the prolonged, pathophysiologic glucocorticoid 
response to sepsis after injury may exert an effect on the 
survival of translocated enteric bacteria in the MLNs through 
alterations in regional immunity. 

Sepsis results in a complex series of interactive responses, 
including the localized and systemic release of cytokines, 
prolonged elevations of counterregulatory hormones, alter- 
ations in regional and microcirculatory perfusion, and an 
increased metabolie rate with mobilization of peripheral pro- 
tein stores. Unraveling this network to determine the man- 
ner in which individual mediators such as glucocorticoids may 
promote bacterial translocation in the septic host is difficult, 
and further study is required to more clearly define these 
relationships. 
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INT, MD, New Orleans, La: Does cyclosporine therapy 
used alter the resistance to infection or the mertality? 
se in bacterial recovery from the MLNs represent the 
on of a group of animals who were resistant to translo- 






' One questions whether there was deposition of microorgan- 

. isms into the portal venous blood or the systemie venous blood. 

-O C, MILLER, MD, Worchester, Mass: Are the effects observed in 
eyclosporine-treated rats due to changes in the seeretion or receptor 
adherence of IL-2? Is IL-2 receptor expression on T cells altered by 

- eyclosporine treatment? 
JONATHAN MEAKINS, MD, Montreal, Quebec: Is there a relation- 
<: o ship between corticosteroid secretion and cyclosporine therapy? The 
outlying values of corticos feroid secretion could explain the graphic 
eorrelation demonstrated in the presentation. 


AIDE 





Clinical Relevance Statement 


The authors interpret their data as indieating that elevation of 
glucocorticoid values does not affect occurrence of bacterial translo- 
cation but does alter regional immune barrier function. On the basis of 
those findirgs they suggest that the course of invasive burn wound 
infection eculd be favorably influenced by administration of cyclo- 

... sporineorcther agents that block the adrenal response to infection. 

*.. — Althougt attenuation ofthe glucocorticoid response to stress inhib- 

- ted the decrease in total lymphocyte content of MLNs , the percent- 

- age of T cells in the MLNs of the cyclosporine-treated group de- 

 ereased as compared with all the other groups and the CD4/CD8 ratio 

in the MLNs decreased in the cyclosporine group as compared to all 

other treatment groups. Moreover, in the eyclosporine-treated group 

the CD4/CD8 ratio in the blood was significantly decreased compared 

with the ccntrols and no different than that in the other groups of 

burned infected animals. Such cyclosporine suppression of T cell 
expansion woi 





ould be anticipated to decrease T-helper cell stimulation 
of B cells and thereby impair humoral immunity. 

Maintenance of regional immune func jon at the cost of depressing 
helper celle or increasing suppressor cells would be a poor trade-off if 
the risk of infection in sites other than the burn wound were in- 







creased. Consiste! at with that possibility is the finding that the differ- 
ence in bae density was specific to the MLNs. Since the lung is 





an effiete microbial filter and a frequent site of infection following 
* ^ burrinjury, it would be interesting to know whether there were any 
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DR JONES: The mechanism of action of cyclosporine may be. 
inhibit protein synthesis necessary for corticosteroid produc 
There was no difference in the groups of animals with regi 
clinical onset of sepsis or in hemodynamics. There was not a selae 
process favoring more resistant animals and therefore giving better — 
survival following injury. We have no data to support the hypothesis 
that cyclosporine changes the dynamics of localization or kiling of- 
bacteria. a 

We conducted no studies in this particular preparation leoking —.— 
specifically at IL-2. The effect of cyclosporine seems to be specific to. 
glucocorticoids and not necessarily mediated through IL-2. There 
was no attempt to do a statistical analysis on the graphic representa- 
tion of steroid levels. Hz 





differences in lung microbial density in the treatment groups. | 
In short, the information provided does not permit assessment of 
the importance of the authors findings in terms of systemic sepsis. In 
the absence of mortality data, the effect of circulating corticosterone 
levels on outcome cannot be evaluated and such information wil be an 
important consideration before clinical application of these findings to 
a group of patients in whom sepsis is the most common ezuse of ^ 
mortality can be entertained. The use of cyclosporine to attenuate thé cco — — 
glucocorticoid response to septic stress would also have to be evaluat- ooo 
ed vis-à-vis the nephrotoxic effects of that agent, a particularly — — 
important consideration in a group of patients in whom nephrotoxie ^^. — 
aminoglycoside antibioties are commonly used for the treatment AME 
gram-negative sepsis. M 
The authors may have identified a pathogenetic mechanism dis- 
tinct from gut ischemia that alters host defense against organisms = 
arising from the gut lumen. Whether pharmacologic manipulation — ee 
with an immunosuppressive agent, which alters the adrenal response — 
to infection, can reduce the incidence of sepsis and improve mertality —— 
following burn injury awaits confirmation by additional studies. The 
clinical exploitation of these findings will only be possible if those - 
future studies demonstrate a favorable risk-benefit ratio fcr suck- 
treatment. a 





BASIL A. PRUITT, JR, MD : 
San Antonio, Tex 
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E Outstanding protection against postsurgical 
staphylococcal infections 
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E More convenient, economical dosing than cefazolin“ 
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(sterile cefuroxime socium. Gtaxo} (cefuroxime sodium injection) 

The following is a brief summary anly Before prescribing, see complete presc ibing information in Zinacet* product 

labeling. 

INDICATIONS AND USAGE: *inacet* is incicated for the treatment o! patients with infections causes by susceptible 

strains of the designated orgarisms m the following diseases 

1 inclucinc pneumonia. caused by Streptococcus pneumoniae (formerly Diplococeus 
(inclucing ampicilin-resistant strains). Klebsiella Spp. Staphylocaccus aureus 

(penicillinase- and non-penicill nase-producing). Streptococcus pyogenes, and Escherichia coli 


3 Skin and Skin Structure Infections caused by S aureus (penicillinase- and non-penicillinase producing: S pyogenes 


4. Septicemia caused by S aureus (penicillinase- and non “‘penicillinase-producing), S pneumoniae. E coli H influenzae 
(including ampicillin-resistant straws), and Klebsiella spp 

5. Meningitis caused by S paevmmuze, H influenzae (including ampicillin-resistant strains), Neisseria meningitidis. and 
5 aureus (penicillinase- and ?a3-penicillinase-producing) 

6. Gonorrhea: Uncomplicatec anc disseminatec gonococcal infections due to Nersseria gonorrhoeae (perscillinase- anc 


7. Bone anc Joint Infections caused by S aureus (including penicillinase- and non-penicillinase producing strains). 

Clinical microbiologica! studies «n skin and skin Structure infections frequently reveal the growth of susceptible strains of 
bath aerobic and anaerobic organeems Zinacef has been used successfully in these mixed infections in waich several 
organisms have been isolated. Appropriate cultures and Susceptibility studies should be performed to determine the 
Susceptibility of the causative organisms to Zinacef. 

Therapy may be started while awaiting the results of these studies; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. In certain cases of confirmed or Suspected gram-positive or gram- 
negative sepsis or in patients witheother serious infections in which the Causative organism has not been wentified, Zinacet 
may be usec concomitantly with a^ aminoglycoside (see PRECAUTIONS). The recommended doses ot both antibiotics may 


: The preoperative propnylactic administration of Zinacet may prevent the growth of Susceptible disease-causing 
bacteria and thereby may reduce the incidence of Certain postoperative infections in patients undergoing surgical procedures 
(eg. vaginal hysterectomy) that ere classified as clean-contaminated or potentially contaminated procedures. Effective 
prophylactic use of antibiotics im surgery depencs on the time of administration. Zinacef should usually be given one-half to 
one hour betore the operation to a'owesufficient time to achieve effective antibiotic concentrations in the wound tissues 
during the procedure. The dase shouid be repeated intraoperatively if the surgical procedure is lengthy. 

Prophylactic administration ts usually not required after the Surgical procedure ends and should be stopped within 28 
hours. In the majority of surgica: procedures, continuing prophylactic administration of any antibiotic does not reduce the 
inGdence of subsequent infectionsibut will increase the possibility of adverse reactions and the development of bacterial 
resistance 

The perioperative use of Zinacef'has also beer effective during open heart s gery tor surgical patients in whom infections 
at the operative site would presenta serious rsk For these patients it is recommended that Zinacet therapy be continued 
forat least 48 hours after the Surgical procedure ends. If an infection is present. spe imens for culture should be obtained 
forthe identification of the causative organism and appropriate antimicrobial the apy should be instituted 
CONTRAINDICATIONS: Zinece** is contraindicated in patients with known allergy to the cephalosporin group 
of antibiotics. 


SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM CF ALLERGY. 
PARTICULARLY TO DRUGS. IF AN ALLERGIC REACTION TO ZINACEF OCCURS, DISCONTINUE THE DRUG SERIOUS ACUTE 
HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad-spectrum antibiotics). 
therefore, it is important to consider its diagnosis in patients who develop diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics alters normal flora of the colon and may permit overgrowth af clostridia 
Studies indicate a toxin producec by Clestridibm difficile is one primary cause a antibiotic-associated colitis. Cholestyr 
amine and colestipol resins have been shown to bind the toxin in vitro 

Mild cases of colitis may resoene to drug discontinuation alone. Moderate to severe cases should be managed with fluic 


When the colitis is not relievec bw drug discontinuation or when it is severe, oral vancomycin is the treatment of choice 
for antibiotic-associated pseudomembranous Colitis produced by C difficile Other causes of colitis should «Iso be considered 
PRECAUTIONS: Although Zinzce'* rarely produces alterations in kidney function, evaluation of renal status during 
therapy is recommended, especially in seriously iB patients receiving the maximum doses. Cephalosporins should be given 
with caution to patients recewing cancurrent treatment with potent diuretics as these regimens are suspected of adversely 
affecting renal function 

The total daily dose of Zinacef should be reduced in patients with transient or persistent renal insufficieney (see DOSAGE 
AND ADMINISTRATION), because high and prolonged serum antibiotic concentrations can occur in Such individuals from 
usual doses. 

As with other antibiotics prolonged use of Zinacet may result in overgrowth of nonsusceptible organisms. Careful 
Observation of the patient is essentzal If Supermfection occurs during therapy. appropriate measures should be taken 

Broad-spectrum antibiotics show d'be prescribed with caution in individuals with a history of gastrointestinal disease. 
particularly colitis 

Nephrotoxicity has been reported'tollewing concomitant administration of a noglycosice antibiotics and cephalospouns. 
Drug; Laboratory Tes! Interactions: À ‘a se -Positive reaction for glucose in the unine may occur with copper reduction tests 
(Benedict s or Fehling's solution or wth ^limtest* tablets), but not with enzyme-based tests for glycosuria (&3.Tes-Tape*). 

As a false-negative result May occur in me ferricyanide test, it is recommended that either the glucose oxidase or 
hexokinase method be used to determine blood plasma glucose levels in patients receiving Zinacet 

Ceturoxime does not interfere wit’ the assay of serum and urine creatinine by the alkaline picrate metho 
Carcinogenes:s, Mutagenesis of Fertility: Although no long-term studies in animals have been performed te 
evaluate carcinogenic potential ne mutagenic potential of ceturoxime was found in Standard laboratory tests 

Reproductive studies revealec nc mpairment of fertility in animals. 

Pregnancy: Teratogenic Effects: Pregnancy Categery B: Reproduction studies have been performed in micesand rabbits at 
doses up to 60 times the human dose and have revealed no evidence of impaired ertility or harm to the fetus due to 
cefuroxime. There are, however, no adequate and well-controlled studies in pregnant women. Because anime: reproduction 
Studies are not always predictive ct human response, this drug should be used du ng pregnancy only if clearly needed 
Nursing Mothers: Since Zinacet s excreec in human milk, caution should be exercised when Zinacef is administered to a 
nursing woman 

Pediatric Use: Safety and effectiveness in children below 3 months of age have not been established Accumulation of other 
members of the cephalosporin class sn newborn intants (with resulting prolongation of drug half-life) has been reported. 
ADVERSE REACTIONS: 7inacst* is generally well tolerated The most common adverse effects have been local reactions 
following intravenous adm mstratioo. Other adverse reactions have been encountered only rarely 

Local Reactions: Thrombophlebitis has eccurred with intravenous administration in 1 in 60 patients 

Gastrointestinal: Gastromtestinzi Symptoms occurred in 1 in 150 patients and included diarrhea (1 in 220 patients) and 
nausea Er patients). Onset o: pseudomembranous colitis Symptoms may occur during or after antibiotic treatment (see 
WARNINGS) 

Hypersensitivity Reactions: Hypersensitivity reactions have been reported in less than 1% of the patients treated with 
Zinacet and inciude rash (1 125. ?raritus. urticaria, and positive Coombs’ test each occurred in less than1 in 250 patients 
and, as with other cephalosporins, rare cases of anaphylaxis. erythema multiforme. and Stevens-Johnson syndrome have 


Blood: A decrease in hemoglobin and hematocrit has been observed in 1 in 10 patients and transient eosinophilia in 
tinta patients. Less common reactions seen were transient neutropenia (less than 1 in 100 patients) and leukopenia 


bilirubin (1 in 500 patients) levels has deen noted. 
: Elevatiens in serum creatinine and/or blood urea nitrogen and a decreased creatinine clearance have been observed, 
but their relationship to cefuroxime isunknown 


In addition tc the adverse reactionsiisted above that have been observed in patients treated with Cefuroxime, the following 
adverse reactions and altered laboratary tests have been feported for cephalosporin-class antibiotics 
Reactions: Toxic epidermal necrolysis, tever, vomiting, abdominal pai, colitis, vaginitis including vaginal 
Candidiasis, toxic nephropathy hepaticdysfunction including cholestasis, aplastic anemia. hemolytic anemia. 
hemorrhage 
Several cephalosporins have been implicated in triggering seizures, particula ly in patients with renal impairment 
when the dosage was not reducec see DOSAGE AND ADMINISTRATION). If seizures associated with drugetherapy 


Altered Laboratory Tests: Prol Prothrombin time, pancytopenia, agra locytosis, thrombocytopenia 
DOSAGE AND ADMINISTRATION. on, compete prescribing information in Zinace!* product labeling. 
Impaired Renal Function: A reduced osage must be employed when renal function is impaired. Dosage should be 
erre in by tne degree o! renal impsirment and the susceptibility of the causative organism (see Table 1 in product 
package insert). 
HOW SUPPLIED: Zinacet* in the dry state should be stored between 15° and 30°C (59° and 86°F) and protected from 
light. Zinacef is a dry, white to off-white powder supplied in vials and infusion packs as follows 
NDC 0173-0352-31 750-mg* Vial í Tray ot 25) 
NDC 0173-0354-35 1,5-9" Vial (Trayot 25) 
NOC 0173-0353-32  750-mg' infusion Pack (Tray of 10) 
NDC0173-0356-32 1.5-9" infusion Fack (Tray of 10) 
NDC 0973-0400.00  75-g* Pharmacy Buik Package (Tray of 6) 
Zinacef frozen as a premixed solution otcefuroxime sodium should not be stored above -20°C Zinacet is supplied frozen 
in 50-mi. single-dose, plastic containers.a: follows: 
NDC 0173-0424-00 750-mg* Plastic Container (Carton of 24) 
NDC 0173-0425-00 1.5-9* Plastic Cantainer (Carton of 24) 
"Equivalent to cefuroxime 
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What 
will you tell her 
about 
screening 
mammography? 





Many of your patients will hear about 
screening mammography through a program 
launched by the American Cancer Society and 
the American College of Radiology, and they 
may come to you with questions. What will 
you tell them? 

We hope you'll encourage them to have a 
screening mammogram, because that, along 
with your regular breast examinations and 
their monthly self examinations, offers the 
best chance of early detection of breast cancer, 
a disease which will strike one woman in 10. 

If you have questions about breast cancer 
detection for asymptomatic women, please 
contact us. 


Professional Education Dept. 
National Headquarters 

90 Park Avenue 

New York, New York 10016 

or your local society 





ines 
189] Preston White Drive 


Reston, Virginia 22091 
(703) 648-8900 


American 
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II. Effect on Response to Endotoxin 


J, Paul Waymack, MD, ScD; Gabriel Fernandes, PhD; Patricia J. Cappelli; David G. Burleson, PhD; Rey F. Guzman; 


(ae Arthur D. Mason, Jr, MD; Basil A. Pruitt, Jr, MD 


€ The effect of blood transfusions and anesthesia on host 
response to endotoxin was evaluated in multiple Lewis rat mod- 
els. The rais were randomized to receive A'Sogaloff Cancer Insti- 
tute rat blood, pentobarbital sodium, or lactated Ringer's solu- 
tion and, at either 2 or 7 days following administration of these 
agents, were challenged with intravenous endotoxin. Neither 
blood transfusions nor anesthesia altered mortality when admin- 
istered 2 days before endotoxin challenge. However, blood trans- 
fusions administered 7 days before endotoxin challenge were 
found to prolong survival, to prevent endotoxin-induced aiter- 
ations in 7-lymphocyte subsets, and to decrease plasma tumor 
necrosis factor levels. In conciusion, blood transfusions appear 
to depress immune function in a beneficial manner in endotoxin 





iy — (Arch Surg. 1991;126:59-62) 
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- Alterations in Host Defense Associated Wit h us 
Anesthesia and Blood Transfusions 





reports documenting the adverse effects cf anesthesia and 
blood transfusions that had previously been unrecognized. _ 
Among these risks is an impairment in immune function n the. 
patient receiving anesthesia or blood transf:sions." CE 
We have previously reported that botë anesthesia and _ 
blood transfusions decrease survival rates ir ratssubjeetedto 
a peritonitis caused by Escherichia coli.” The goal of our — 
current study was to determine if the decreased survival — 
rates were due to alterations in host response to the 
endotoxin. | 





















MATERIALS AND METHOLS 
Rats 


A total of 225 adult male Lewis rats weighing =pproximately 200 g 2 
were used for the endotoxin phases of this study. ""hirty male A'Soga-. 
loff Cancer Institute (ACI) rats were used as blcod donors. The rats 
were housed in individual stainless steel hanging -ages and given food - 
and water ad libitum throughout the study. All rats were observed 
for 1 week before entry into the study to exclude the possibility of any 
preexisting diseases. ^ 


Anesthesia 


Rats that were to receive anesthesia were given pentobarbita 
sodium (85 mg/kg intraperitoneally [IP]; Vete Lab Limited Inc 
Lenexa, Kan). The rats were allowed to recover from anesthesia b 
breathing room air. PUO 


Transfusions E 
The ACI rat donors were anesthetized with pentobarbital s din 


(35 mg/kg IP) and a celiotomy was performed. E:ood was v ithdra 
by vena cava puncture using a 23-gauge needle. “he blood was mi 
at a 4:1 (vol/vol) ratio with standard CPDA-: anticoagulant. 
stored at 4°C for 30 minutes before infusion. The transfusions v 
giver: intravenously at a dose of 1 mL per rat,. representing 796. 
estimated blood volume. * Ou 
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Controls 


Rats assigned to the control group were given 3 mL of lactated 
Ringer's solution intravenously. The threefold increase in the volume 
of the crystalloid administered in the control group was chosen since 
it was thought that this would most closely approximate the intravas- 
cular volume changes seen with the use of 1 mL of whole blood in the 
transfusion group. Rats in the anesthesia group were also adminis- 
tered 3 mL of lactated Ringer's solution. 


Endotoxin 


The same E coli strain previously utilized in documenting the 
impaired resistance te £ coli peritonitis in rats given anesthesia and 
transfusions was used as the endotoxin source. This strain was initial- 
ly isolated from a human infection at the University of Minnesota 
Medical Center, Minneapolis, and had been demonstrated to cause a 
lethal peritoneal infection in rats. The E coli culture was incubated 
for 18 hours at 37°C in a standard trypticase soy broth and washed 
three times in normal saline. The culture was then placed in a 95°C 
water bath for 1 hour. Previous studies have documented that this 
results in 100% killing of the E coli. Appropriate dilutions were made 
with normal saline to achieve a final concentration of either 1 x 10° or 
1x10" heat-killed E coli per milliliter of normal saline. The heat- 
killed E coli were administered through a 2o-gauge needle into the 
dorsal penile vein of the rat. 


Lymphocyte Analysis 


For the analysis of the effect of anesthesia and blood transfu- 
sions on lymphocyte function, 120 Lewis rats were divided into 12 
groups. One third (n= 49) received pentobarbital sodium anesthesia 
(85 mg/kg IP), one third received a 1-mL allogeneic transfusion with 
ACI rat blood, and one third received the lactated Ringer's solution 
and served as controls. Hal? (n= 20) of each group were sacrificed 2 
days following anesthesia or transfusion, and the remaining half were 
sacrificed 7 days after administration of these agents. Half (n = 10) of 
the rats in each subgroup received 1 x 10" heat-killed E coli 24 hours 

` before sacrifice. 

‘Twenty-four hours after receiving the endotoxin, the rats were 
`. anesthetized with pentobarbital sodium (35 mg/kg IP) and a celitomy 
was performed. Blood was harvested by vena cava puncture and 
analyzed for lymphocyte subsets. Briefly, the lymphocytes were 
harvested from the blood by Ficoll-Hypaque centrifugation and 
stained with antilymphacyte monoclonal preparations, washed, and 
reacted with affinity-purified, fluorescein-labeled goat anti-mouse 
IgG as a second-step reagent. Fluorescein-labeled cells were ana- 
lyzed by flow cytometry: For each sample, 5000 cells were assayed, 
and the percentage of cells labeled by the monoclonal antibodies 
. specific for pan-T lymphocytes (OX-19), helper/inducer T lympho- 
cytes (W3/25), and suppressor/eytotoxie T lymphocytes (OX-8) were 
determined. For each sample, a negative eontrol using a monoclonal 
' antibody of the same isotype (1gG1) to human T cell (anti-Leu-2) was 
- run to determine the cutoffs. The positive cutoff was set at a point 
. determining the upper 2% or less of background control and the 
number of background control cells subtracted from each count. 
Nonlymphoid cell contamination was assayed by analysis of forward 
and 90° light scatter. Cells with light-scattering intensities beyond 
limits established for nermal lymphocytes were removed (gated) 

from analysis. 
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Percentage of Pan-T Lymphocytes, Helper/Inducer, and Suppressor/Cytotoxic T Lymphocytes Among Blood Mononuclear Cells* 


Endotoxin 


Therapy to Analysis, d No Endotoxin 

Anesthesia 2. 73.2 41.8 68.522 
Transfusion 2 76.8:: 1.2 66.4 + 2.0 
Saline 2 73.2 * 1.8 66.5+2.2 
Anesthesia 7 ——— — 78217 62.3321 
Transfusion 7 832-22 78.0-2.0 
Saline E | 809-22 60.9 «1.9 


"Values are mean + SEM percent. P<.0001, analysis of variance, for each subset. 























Helper/inducer Suppressor/Cytotoxic 
T Lymphocytes T Lymphocytes 
PETER Aka taal toes 
No Endotoxin Endotoxin No Endotoxin Endotoxin 
57.2:2.9 55.6+1.9 12.6+2.4 8.8+0.4 
58.3 1.4 55.4+1.3 15.6+1.0 11.2::0.7 
58.5 44.2 54.7 2.2 15.4 1.2 9.1+0.3 
60.92 2.0 §4.4+2.0 18.4 1.2 11.4+0.3 
67.4x2.1 64.2 €: 2.4 18.3+1.0 9.8+0.5 
66.7 + 2.4 50.7 1.6 17.3 1.4 10.3+0.2 










Endotoxin Mortality 


Ninety additional Lewis rats were divided into six groups of 15. 
Seven days before endotoxin challenge with 1x10" heat-killed E 
coli, one group received pentobarbital sodium anesthesia (35 mg/kg 
IP), one group received 1 mL of ACI rat blood intravenously, and one 
group received 3 mL of lactated Ringer's solution intravenously. Two 
days before challenge with endotoxin, one group received pentobar- 
bital sedium anesthesia (85 mg/kg IP), one group received 1 mL of 
ACI rat blood intravenously, and one group received 3 mL of lactated 
Ringer’s solution intravenously. The rats were observed for 7 days 
following endotoxin challenge to determine mean survival times and 
absolute survival rates. Previous studies had determined that no 
further deaths occurred with this model after 7 days. For the calcula- 
tion of mean survival times, rats surviving 7 days were given a 
survival time of 7 days. 


Tumor Necrosis Factor (TNF) Production 


Fifteen Lewis rats were divided into three groups of five. Seven 
days before challenge with endotoxin, one group received pentobar- 
bital sodium anesthesia (85 mg/kg IP), one group received 1 mL of 
ACI rat blood, and one group received 3 mL of lactated Ringer's 
solution. Seven days after the administration of these agents, the rats 
were administered 1 x 10” heat-killed E coli and 2 hours later were 
decapitated. Blood was collected in heparinized tubes and plasma was 
separated by centrifugation. Plasma was assayed for TNF levels 
using the murine L-929 fibroblast cytotoxicity assay. Briefly, 5 x 10° 
L-929 murine fibrosarcoma cells were incubated in 0.20 mL of com- 
plete KPMI solution with a 1:50 dilution of the rat's plasma. The 
murine fibrosareomas were cultured for 24 hours at 37°C in 5% carbon 
dioxide and then were examined to determine the percent eytotoxic- 
ity. These values were compared with standards run using the same 
fibrosarcoma and varying concentrations of recombinant mouse 
TNF. 


Statistical Analysis 


All cata are presented as mean SEM. Comparisons among 
groups were performed using analysis of variance (ANOVA), the 
Student-Newman-Keuls multiple-range test, x^, and the generalized 
Wilcoxcn-Breslow test. 


RESULTS 


The percentages of pan-T lymphocytes are given in the 
Table. These differences were statistically significant 
(P<.0001, ANOVA). The Student-Newman-Keuls multiple- 
range test revealed that the group receiving transfusion 7 
days before endotoxin was grouped with the groups not re- 
ceiving endotoxin. 

The percentages of helper/inducer T lymphocytes among 
blood mononuclear cells are given in the Table. These differ- 
ences were statistically significant (P<.0001, ANOVA). The 
Studen:-Newman-Keuls multiple-range test demonstrated 
that the group receiving blood a week before endotoxin was 
grouped with the non—endotoxin-treated groups. 

The percentages of suppressor/eytotoxie T lympho- 
cytes among blood mononuclear cells are given in the Table. 
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‘These differences were statistically significant (P<.0001, 


ANOVA). The Student-Newman-Keuls multiple-range test 
.. showed that the 12 groups of data fell into two ranges. The 
. first consisted of all groups of rats that did not receive endo- 

toxin except for those rats that received anesthesia 2 days 
before analysis of lymphocyte subsets. The second consisted 
of all groups of rats that received endotoxin plus the group 
that did not receive endotoxin but did receive anesthesia 2 
days before lymphocyte analysis. 

Blood transfusion administered 7 days before challenge 
with endotoxin was found to improve survival. The group of 
rats that received lactated Ringer's solution 7 days before 
challenge with endotoxin had an 80% mortality. The group 
receiving anesthesia 7 days before challenge had a 40% mor- 
tality, while those rats administered blood transfusions 1 
week before challenge had a 0% mortality. These differences 
. were statistically significant (P<.001, x^. The mean survival 

“time in the group given lactated Ringer' solution was 
2.20+0.64 days. For the anesthesia-treated group it was 
4.87+0.72 days, and for the transfused group, 7.00+ 0.00 
days. These differences were statistically significant 
(P<.0001, generalized Wilcoxon-Breslow test). 

Neither blood transfusions nor anesthesia administered 2 
days before challenge with endotoxin was found to improve 
survival. In the control group that received lactated Ringer's 
solution 2 days before challenge with endotoxin, there was an 
86.7% mortality. Those rats receiving anesthesia 2 days be- 
fore challenge had an 80% mortality, and those receiving 
blood transfusions 2 days before challenge had a 73.3% mor- 
tality. These differences were not statistically significant. 
The mean survival time in the group given lactated Ringer's 
. solution was 1.80+0.55 days. For the anesthesia-treated 
group it was 2.60 + 0.60 days, and for the transfused group, 
9.73 + 0.69 days. These differences did not reach statistical 
significance. 

The TNF level in the plasma of the group given lactated 
Ringer's solution was 1.14: 0.08 x 10° U/mL. For the anes- 
thesia-treated group it was 1.40 +0.25 x 10° U/mL, and for 
the transfused group, 0.21 +0.06 x 10* U/mL. These differ- 
ences were significant (P = .0004). 


COMMENT 


Patients suffering traumatie injuries, malnutrition, and 
sepsis frequently suffer varying degrees of immunosuppres- 
sion. Sueh immunodeficiency states can predispose to poten- 
tially lethal infectious complications." Patients who have un- 
dergone surgery may also require anesthesia and blood 


A transfusiens. These two therapeutic modalities may also sup- 
'. press immune function. 


Slade e£ al’ demonstrated in normal, healthy, living related 
renal allograft donors that immune function deteriorated fol- 
lowing the administration of anesthesia. This impairment in 
immune function was broad in nature and became apparent 
within 10:minutes of the induction of anesthesia. 

Blood transfusions have also been demonstrated to impair 
immune function.” This impairment also appears to involve 
multiple eomponents ofthe immune system. 

We have previously evaluated the effect of blood transfu- 
sions and anesthesia on resistance to bacterial infections in 
animal models.* These models demonstrated that blood trans- 
fusions or anesthesia administered to healthy Lewis rats 
before E coli challenge significantly decreased survival rates. 
The detrimental effect of transfusions inereased with time 
j during the first 7 days following blood administration. In 
j contrast, the effect of anesthesia was most apparent on the 


^ day ofadministration and decreased with time during the first 


. week following anesthesia administration. 
Our current study attempted to delineate the exact mecha- 
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nism of this decreased resistance to E coli infections. We 
evaluated the effect of anesthesia and blood transfusions on 
the host response to E coli endotoxin. To achieve optimum 
extrapolation to our previous studies, we chose the same 
strain of E coli for our endotoxin model that had been used in 
our prior studies. The E coli were heat kilied before adminis- 
tration to eliminate any infective component and thereby 
enable us to evaluate only the endotoxin component. | 
As in our prior studies, the blood transfusion effect was not 
apparent at 2 days following transfusion. At 7 days following - 
transfusion, there was a marked transfusion effect demon- . 
strated in several of our models. This included prevention of 
the endotoxin-induced decrease in the percentage of pan-T. 






lymphocytes and helper/inducer T lymphocytes. Tn nore n Er : 
dotoxin-challenged rats, blood transfusions failed to alter the- _ 


percentage of pan-T lymphocytes, helper/inducer T lympho- 
cytes, or suppressor/cytotoxic T lymphocytes. a uM 

Since the administration of blood transfusions 7 days before. 
endotoxin challenge improved immune status as measured by. 
percentage of T-lymphocyte populations, it might be expect- 
ed that it would also improve host resistance to endotoxin 
challenge. This was indeed found to be the ease in our mertal- > 
ity studies. When blood transfusions were administered 7 





days before challenge with endotoxin, both the surviva: rate TR 


and the mean survival time increased significantly. 


The finding of a transfusion effect in the endotoxin-chal-. E Uu 
lenged rats when the transfusion was given 7 days before- | 


endotoxin challenge emphasizes two previously established 
principles of transfusion effects. First, the transfusion effect 
in both infectious and transplantation models increases with 
time, at least for the first several days following transfusion,’ 
Second, the transfusion effect can be altered by other immu- 
nologic manipulations, in this case the administration of 
endotoxin. 

There would appear to be a discrepancy between our cur- 
rent and previous findings in regard to the effect of blood 
transfusions on immune function. Our previous studies 
showed that blood transfusions suppress immune function 
and decrease survival in infectious models. Herein, we have 
demonstrated improved survival in an endotoxin model and 
improved immune status as measured by T-cell subsets. This 
discrepancy may be the result of the fact that in certain 
clinical conditions, suppression of immune function is benefi- 
cial to the host. 

Our current study documented an 81% decrease in TNF 
levels in the transfused rats, which may have been a signifi- 
cant factor in the improved survival rate seen in the rats 


transfused 7 days before endotoxin challenge, since excessive — ee 


production of TNF by the host’s immune system has been 
reported to be a major factor in mortality in endotoxin shock.” 
There is additional support for this concept from a report that 
prostaglandin E decreases production of TNF and increases 


survival rate in animals challenged with endotoxin,’ and that 


blood transfusions increase the rate of synthesis of prosta- 
glandin E.”” 

It would therefore appear possible that the immunosup- 
pressive blood transfusion effect may be detrimental to host 
resistance to infection while at the same time being beneficial 
against the endotoxin sequelae of such infections. In those » 
situations where death is more likely to resu:t from the infec- 
tive process, transfusions could be expected to increase mor- - 
tality, while in those situations where the endotoxin compo- _ 
nent is more likely to result in death, the transfusion might be — 
beneficial to survival rates. Such a possibility may explainthe — 
discrepancy in a previously reported study in which transfu- | 
sions improved survival in certain burned rat sepsis models - 
while decreasing survival rates in other burned rat sepsis — 
models. " 
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"The care of ali rats was in accordance with the guidelines set forth by the 
imal Welfare Act and other federal statutes and regulations relating to 



















-animals and studies involving animals and with the Guide for the Care and Use 


and trade names in thisreport de not of Laboratory Animals. Bethesda, Md: National Institutes of Health; 1986, US 


Dept of Health and Human Services publication NIH 86-23. 

The: coli strain used was supplied by Richard Simmons, MD. 

We are grateful to Christine C. Davis for editorial assistance, Janice L. Duke 
for library assistance, and John Q. Hester for technical assistance. 
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Discussion 


CHRISTOPHER C. BAKER, MD, Chapel Hill, NC: This study dem- 


-onstrates a decrease in helper/inducer T-cell function along with an 
_ 81% reduction in TNF level, which was hypothesized but not proved 
‘to besecondary to prostaglandin E, production. Which strain of E coli 


Dx was used? What other functions of T cells (eg, blastogenesis) and 








: macrophage function were measured? How can the differences be- 


tween the results of this study and former studies be reconciled? 


: What role might monoclonal antibodies have in this model? 


MITCHELL FINE, MD, Worcester, Mass: Was the preparation of 
endotoxin a particulate preparation of killed bacteria or a soluble 


- ^5. preparation? Might the blood transfusions have contained endotoxin, 


raising the possibility of desensitization? 

MARK CALLERY, MD, St Louis, Mo: Please speculate on the 
possible changes in TH-1 and TH-2 cells. 

WILLIAM BLAKEMORE, MD, Birmingham, La: Why did you use 
barbiturate anesthesia, which has been shown to affect cytochrome 
P-450:and to suppress the immune system? 

TIMOTHY PRUETT, Charlottesville, Va: Have you done a dose- 
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response curve with the amount of endotoxin to discriminate lethality 
differences? 

DR WAYMACK: The E coli was obtained from Dr Simmons’ labora- 
tory several years ago. He has previously shown impairment of 
natural killer cell function but did not have information on other T-cell 
subsets. His group has not done studies on monoclonal antibodies, but 
Shelby in Utah has been able to prevent the transfusion effect with 
anti-prostaglandin E, monoclonal antibodies. 

The endotoxin preparation was a particulate rather than a purified 
one to mimie clinical situations. We believed that the possibility of 
endotoxin contamination in the blood transfusion was low. 

Further studies are needed to clarify the question of the anesthetic 
affect. Phenobarbital anesthesia was utilized because it was safe in 
the investigators hands. No data are available on the T-helper 
subsets, 

Although dose-response curves were not done, we agree with Dr 
Pruett that the lethality curve may be shifted with blood 
transfusions. 
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UNASYN is indicated for the treatment of infections due to susceptible 
Strains of the designated microorgan:sms in the conditions listed below 
Skin and Skin Structure Infections caused by beta-lactamase producing 
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spams Ur STapmyrmoCOCCUS düTEuS. EScherichia coli.* Klebsiella spp * 
(including K pneumomae*), Proteus mirabilis.’ Bacteroides fragilis * 
Enterobacterspp .* and Acinetobacter calcoaceticus * 

Intra-Abdominal Intections caused by beta-lactamase producing strains of 
Escherichia coli, Klebsiella spp. (including K. pnewmoniae*). Bacteroides 
spp (including B fragilis). and Enterobacter spp * 

Gynecological infections caused by beta-lactamase producing strains of 
Escherichia coli.* and Bacteroides spp * (including B fragilis ) 

*Efficacy for nis organism in this organ system wa: studied in tewer than 10 
infections 

While UNASYN* (ampicillin sodium/sulbactam sedium) is indicated only 
tor the conditions listed above. infections caused bv ampicillin-susceptible 
organisms are also amenable to treatment with UNASYN duetoits ampicillin 
content Therefore. mixed infections caused by ampicillin-susceptible 
organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not require the addition of anotherantibiotic 
CONTRAINDICATIONS 

The use of UNASYN is contraindicated in individuals with a history of 
hypersensitiwty reactions to any ofthe penicillins 

WARNINGS 

SERIOUS AN® OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITWITY AND/OR HYPER 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS BEFORE THERAPY WITH A PENICILIN, CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PEMICILLINS. CEPHALOSPORINS AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS, UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS. AND AIRWAY MANAGEMENT. INCLUDING INTUBATION 
SHOULD ALS) BE ADMINISTERED AS INDICATED 

PRECAUTIONS 

General: A high percentage of patients with mononucleosis who receive 
ampicillin develop.a skin rash. Thus ampicillin class antibiotics should not 
be administered to patients with mononucleosis M patients treated with 
UNASYN the possibility dt superinfections with myaotic or bacterial patho- 
gens should be kept in mind during therapy |f superinfections occur 
(usually involving Pseudomonas or Candida). the crug should be discon 
tinued and/orappropriate therapy instituted 

Drug Interactions: Probenecid decreases the rena! tubular secretion of 
ampicillinand sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged blood levels of ampicillin and sulbactam 
The concurrert administration of allopurinol and ampicillin increases sub- 
stantially the incidence of rasnes in patients reeerving both drugs as 
compared to patients receiving ampicillin alone. Itis not known whether this 
potentiation of ampicillin rashes is due to allopurinal or the hyperuricemia 
present in these patients There are no data with UNASYN and allopurinol 
administered eoncurrently. UNASYN and aminoglycosides should not be 
reconstituted together due to the in vitro inactiwationof aminoglycosides by 
the ampicillin component ot UNASYN 

Drug/Laboratory Test Interactions: Administratiomo! UNASYN will result 
in high urine -oncentrations of ampicillin High usne concentrations of 
ampicillin may result in false positive reactions when testing for the 
pm Qf giucose in urine using Clinitest */ Benedict's Solution or 
ehlings Solution It is recommended that glucose tests based on en- 
zymatic glucose oxidase reactions (such as Clinisiix " or Testape ~) be 
used Following administration of ampicillin to pregnant women. atransient 
decrease in plasma concentration of total conjugated estriol es- 
Inioigiucurogice. conjugated estrone. and estradio! has been noted This 


effect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud- 
ies in animals have not been performed to evaluate carcinogenic or muta- 
enic potential 
regnancy 
Pregnancy Category B: Reproduction studies have been performed in mice 
rats. and rabbits at doses up to ten (10) times the human dose and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN. There are. however. no adequate and well controlled studies in 
pregnant women Because animal reproduction studies are not always 
predictive of human response, this drug should be used during pregnancy 
only if clearly needed (See—Drug/Laboratory Test Interactions | 


Labor and Delivery: Studies in guinea pigs have shown that intravenous. 


administration of ampicillin decreased the uterine tone frequency of 
contractions. height of contractions. and duration of contractions How- 
ever, itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects on the tetus. prolongsthe 
duration ot labor. or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk: therefore. caution should be exercised when UNASYN 
iS administered to a nursing woman 
Pediatric Use: Theefficacy and safety of UNASYN have not been established 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally well tolerated The following adverse reactions have 
been reported 
Local Adverse Reactions 

Pain at IM injection site— 16% 

Thrombophlebitis— 39; 
Systemic Adverse Reactions 
The most trequently reported adverse reactions were diarrhea in 3°o of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1°o of the patients were 
itching. nausea. vomiting. candidiasis. fatigue, malaise headache chest 
pain. flatulence. abdominal distension. glossitis. urine retention dysuria 
edema. facial swelling, erythema. chilis. tightness in throat. substernal 
pain, epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were 

Hepatic. Increased AST (SGOT). ALT (SGPT). alkaline phosphatase. and 

LDH 

Hematologic. Decreased hemoglobin. hematocrit RBC. WBC. neu- 

trophils, lymphocytes. platelets and increased lymphocytes mono- 

cytes. basophils. eosinophils. and platelets 

Blood Chemistry Decreased serum albumin and total proteins 

Renal Increased BUN and creatinine 

Urinalysis Presence of RBC s and hyaline casts in urine 
The following adverse reactions have been reported with ampiciliin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis. stomatitis. black 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria, erythema multiforme. anc an occa- 
sional Case of exfoliative dermatitis have been reported These reactions 
may be controlled with antihistamines and. if necessary. systemic cortico- 
steroids Whenever such reactions occur. the drug should be discontinued 
unless the opinion of the physician dictates otherwise Serious and occa 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: In addition to the adverse laboratory changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen- 
icillins All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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0 the hand were determined based on physical examination and 


“time elapsed since injury. One hundred twenty-four patients 


admitted to Charity Hospital of New Orleans, La, were stratified 
according to time elapsed from injury to treatment (early, less 
than 24 hours; delayed, 1 to 7 days; and late, greater than 7 days). 
Patients in the early group were mainly treated with conservative 


. wound care, consisting of local wound exploration and irrigation 
jn the emergency department, while those in the late group un- 


derwent surgical débridement. Patients in the delayed group 


: either received conservative wound care or underwent débride- 


ment in the operating room. The early and late groups recovered 
excellent hend function while results within the delayed group 
were variable with improved results depending on rapid surgical 
débridement or drainage. 

"(Arch Surg. 1991;126:65-67) 


H umat: bites of the hand (HBHs) have been associated 
with significant morbidity and even mortality. " There is 
general agreement that HBHs mandate hospitalization, limb 
elevation, hand splinting, and intravenous antibiotics." The 
specific role of operative wound débridement in the manage- 
ment of HBHs, however, is still controversial.” The present 
study was undertaken to identify indications for surgical 
intervention in HBHs of the clenched fist variety. 


PATIENTS AND METHODS 


© (The medical records of 124 patients with HBHs admitted to the 
emergency department at Charity Hospital of New Orleans, La, from 
1987 to 199) were retrospectively analyzed. The standard method of 
initial care included wound irrigation, hand splinting, limb elevation, 
and tetanus prophylaxis. Patients were administered emperic intra- 
venous antibiotics until results of wound culture and sensitivity 
became available. While some patients underwent operative wound 
débridement, a substantial number had only conservative wound 
care. Patients were stratified according to time elapsed from injury to 
treatment in the emergency room. A modified version of Welch's 
classification of human bites was used in the present study. Accord- 
ing to this classification, patients with HBH reporting for care within 
24 hours following injury were placed in the “early” group; patients 
admitted for care within 1 to 7 days were classified in the “delayed” 
group; and patients who waited for more than 7 days to seek medical 


ds attention were placed in the "late" group. 


The following variables were evaluated: age, sex, hand involve- 


ment and dominance, anatomic distribution of injury, clinical presen- 


tation, complications, bacteriologie cultures, roentgenographic data, 
treatment sretocol, and eventual hand function. We assessed hand 


-function in our Hand Clinic. As evaluators, we were blinded to both 





time elapsed since treatment ard type of hospital treatment. Hand 


function was evaluated by measuring both differential hand-grip 


. strength and total active range of motion (AROM), finger pulp to 


palm distance, and two-point sensory discrimination of involved dig- 
its. Grip strength was measured using an adjustable dynamometer 
(Asimow Engineering Co, Los Angeles, Calif). The mean of three 
values, measured in kilograms, was obtained bilaterally and the 
difference recorded." Active range of motion is defined as the total 
active flexion range of the metacarpal-phalangeal and interphalan- 


geal jointe minus the extensor lag. Maximum AROM is 270? and 
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-e Indications for operative intervention following human bites 


ME ations for Surgical Débridement in 125 E 
uman Bites to the Hand- l 


results were recorded as a percentage of this ideal number. Dyramie — 
two-point sensory discrimination was measured in involved digits ^. 
and was classified as normal if less than 5 mm. The mean follew-up | 


interval for patients in our Hand Clinic was 18 months. 

The data are presented as mean + SEM. Statistical differences 
between groups were evaluated with a t test after one-way analysis of 
variance. Significance is defined as P<.05. 


RESULTS 


One hundred twenty-four patients sustained HBHs. | 


Eighty-two percent of the HBHs occurred in men with a mean 
age of 28 years (range, 9 to 63 years) A history of aleohol 
and/or drug use just prior to admission was documented in 
22% of the cases. The right hand was involved in 62% of the 


cases, the left hand in 37%, and bilateral involvement ir 1%. . 


Hand dominanee was noted in 6396 of the cases, with no 
significant difference within the three time groups (eary vs 
delayed vs late) Forty-seven patients were seen within 24 
hours (early) 51 patients presented 1 to 7 days following 
injury (delayed), and 26 patients were seen in the emergency 
department 7 or more days after injury (late). Most patents 
in the early group underwent wound care, but as time to 
treatment increased, a higher percentage of patients received 


operative débridement (Table 1). The metacarpal-phalangeal à a E 


joint was involved in 79% of the cases, the proximal interpha- 
langeal joint in 18%, and the distal interphalangeal joint in 
3%. The most commonly injured digit was the long finger 
(62%), followed by the index finger (31%), ring finger (11%), 
small finger (7%), and thumb (2%). 

Complications presenting initially (tendon injury, septie 
arthritis, osteomyelitis, and tenosynovitis) were significantly 
greater in the late group (Table 2). Examination ofthe inured 


hands revealed a significantly greater incidence of edema, ooo 


cellulitis, and pus/discharge as the time between injury and 






treatment increased. Likewise, systemic indicators of sepsis. .— E 


(forearm extension of the infection, fever, and leukocy:osis) 
were significantly greater in the late group. 

Sixty-two patients had doeumented wound cultures, of 
which 89% revealed aerobic organisms and 42% revealed 
anaerobic species. Gram-positive organisms, specifically he- 
molytie Streptococcus, and Staphylococcus aureus were the 
most commonly isolated bacteria. Enterobacter, Proteus, 


Serratia, and Eikenella corrodens were cultured most fre- — 


quently from anaerobic environments (Fig 1). As the interval 


from injury to treatment inereased, anaerobes became more- 


prevalent, especially E corrodens, which represented 40% of _ P 


anaerobic organisms cultured in the late group. The over- — 
whelming majority of E corrodens species exhibited sersitiv- _ 
ities to ampicillin sodium, tetracycline hydrochloride, ticareil- . . 


lin disodium, cefoxitin disodium, and penicillin G potassium. 
Almost no sensitivity to nafcillin sodium, oxacillin sodium, or 
methicillin sodium was noted in the Hikenelia species (Pig 2). 


Patients presenting within 24 hours of injury (early group) 


exhibited a benign clinical course with excellent hand fumction 


as measured by AROM, differential grip strength, and finger 


pulp to palm distance (Fig 3). Likewise, patients in the late. 


group had good functional results. Over 9096 of patients:nthe 


late group underwent surgical débridement and started re- 
ceiving aggressive physiotherapy. s 


The functional outcome in the delayed group, however, was- É 
directly related to initial treatment (Fig 3). Patients n the — 


Surgical Débridement— Basadre & Parry — 65 





Table 1.— Treatment of Human Bites to the Hand 





Wound 
Care, % 


Early (n= 47) (<1 d) 78 22 
Delayed (n —51) (1-7 d) 54 46 
Late (n — 26) (77 di) 7 93 


Operative 
Débridement, 95 







Table 2.— Complications Following Human Bites to the Hand 





Time to Treatment (Days), % 
T MÀ 
Early (—1) Delayed (1-7) Late (77) 

Complication (n- 47) (n=51) 


(n=26) | 
Tendon injury 1 3 
; Re 2* 
; ge 
"e 10* 
3 












1 5 


*Significant from late and early groups (P<.05). 
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Fig 1.—Organisms cultured from human bites to the hand as a function 
of time elapsed to treatment (no significant difference between the 
early and delayed groups). 


delayed group who presented without pus or discharge had 
excellent hand function regardless of initial treatment. Pa- 
tients in the delayed group who presented with pus or dis- 
charge had a variable outcome despite aggressive surgical 
treatment. Patients who underwent early operative débride- 
ment had a good functional result, while those treated nono- 
peratively demonstrated significant decreases in AROM, 
grip strength differential, and finger pulp to palm distance. 
No significant difference was noted in two-point sensory dis- 
crimination between groups, with all having an essentially 
normal value (1to 5 mm). Patients undergoing negative surgi- 
cal exploration (no purulenee found) had excellent postopera- 
tive hand function (AROM, 9396-696; grip differential, 
6.23 kg; pulp to palm distance, <1 cm). There were no 
complications (aside from secondary wound healing? associat- 
ed with negative exploration. 
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Fig 2.—Eikenella corrodens antibiotic sensitivities from culture of 
human bites to the hand. 
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Fig 3.—Final functional outcome of patient groups. Thin line repre- 
sents finger pulp to palm distance; thick line, active range of motion; 
and dotted line, grip strength differential. 


COMMENT 


Human bites of the hand represent an insidious disease 
process associated with devastating complications and even 
mortality when not appropriately managed." As early as 
1910, Hultgren” described an infection of the index finger in a 
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7-year-old girl who was in the habit of biting her nails. This 
account was soon followed by the first case of a hand infection 
caused by a hand-to-mouth clenched fist injury. x 
. Olenehed fist injuries are an ominous subset of EBHs. 
- Mason and Kick," in a landmark study, elegantly illustrated 
the spread of HBH infection, specifically the clenched fist 
variety, based on anatomic dissections, and gave a rationale 
for surgical débridement. The fist striking an opponent's 
tooth makes the metacarpal-phalangeal joint with its thin 
synovial capsular layer very susceptible to infection. On open- 
ing the fist, the extensor tendon retracts proximally. This 
maneuver seals the puncture site and creates an anaerobic 
environment for the inoculated oral bacteria within the joint. 
The inoculation may also extend beneath the extensor mecha- 
nism of the proximal phalanx and spread cireumferentially to 
the volar surface. Infection trevels via the lumbrical muscle or 
P1 interosseous muscle, proximally contributing to tenosynovi- 
^. tis with eventual forearm infectious extension. Maloon et al" 
evaluated a limited number of patients with tenosynovitis 
secondary to HBH and demonstrated a poor functional out- 
come in the majority of patients. 

The above analysis explains the pathogenesis of human 
tooth penetration of clenched fist quite well, but does not 
address the somewhat different problem of routine hand 
bites. We have no way of definitively segregating the two in 
this large retrospective study, but we believe that ceeper 
penetrating wounds would result in more serious joint, ten- 
don, and bone infections. Routine human bites would eause 
the less serious superficial soft tissue infections observed (eg, 
cellulitis). 

The question of proper antibiotie use in the treatment of 
HBHs continues to be controversial. Most agree that cover- 

+ age for aerobic oral organisms, especially streptococci and 
"staphylococci, is essential. Currently, more attention is being 











directed toward the anaerobes and microaerophilic varieties 
that can act synergistically with the usual oral flora in 
HBH."" Eikenella corrodens, first described by Henrickson 
in 1948," is a facultative anaerobic gram-negative rod. Fiken- 
ella has been identified in 6% to 30% of cases of HBH and has 
been shown to exhibit synergism with Streptococcus, S eur- 
eus, Bacteroides, and gram-negative organisms." 

The concept that HBHs have improved clinical outcomes 
when treated early is not new."? Maier," in 1936, was the 
first to notice that patients with HBHs reporting for treat- 
ment immediately had uniformly good results. MeConneland 
Farmer” demonstrated that the incidence of complications 
associated with HBH was related to the time elapsed before 
the patient presented for medical treatment. Boyce" empha- 
sized the poor prognosis of 69 patients with HBH presenting 
late to the emergency department. 

We recommend empiric intravenous antibiotics that cover 
the Eixenella species especially in delayed and late cases. In 
addition, we recommend the use of a cephalosporin for cover- 
age of S aureus and Streptococcus species. After obtaining 
sensitivity results, one should alter the antibiotic coverage 
appropriately. 

To maximize hand function following HBH, specifically the 
clenched fist variety, we strongly recommend operative dé- 
bridement in (1) all patients presenting 7 days after injury 
(late group), and (2) patients presenting 1 to 7 days following 
injury (delayed group) who exhibit pus or drainage on iritial 
physical examination. The marked decrease in hand function 
without expedient débridement in this group of patients more 
than outweighs the low morbidity associated with negative 
results of exploration. Any concern about the presence of 
deep space infection in any patient should be answered by 
rapid and aggressive exploration. 
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Discussion 


WILLIAM LINEAWEAVER, MD, San Francisco, Calif: Why did the 
unoperated patients not receive surgery? Did the findings of this 
study lead to more aggressive surgical treatment of hand infections at 
your institution? Were the patient groupings and results analyzed 
according to specific diagnoses (eg, joint injuries) rather than the 


time cf presentation? What initial antibiotic treatment do you recom- | 


mend for these hand injuries? 

: Joen Beswick, MD, Denver. Colo: Please give us more specific 

^ &. definitions of the hand injuries and whether antibiotic treatment 

.: | varied between patient groups. 

| - D. ARENHOLZ, MD, St Paul, Minn: The follow-up time was quite 
high and the substance abuse rate quite low for such a group of 
patients fram a charity hospital. 
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MARIA ALLO, MD, San Jose, Calif: Please give us details of antibi- 
otic coverage. Could complex fractures have been unevenly distribut- 
ed among the groups, skewing the functional results? 

DR BASADRE: The management of these patients was distributed 
among services with varying treatment policies and the results ana- 
lyzed retrospectively. The policy of our service is now to operate on 
patients with draining hand infections as soon as possible. Our out- 
come findings according to specific diagnoses were not analyzed, but I 
agree that. such analysis could be informative. Our initial antbiotie 
treatment consisted of penicillin and a first-generation cephaiospo- 
rin. Tae long follow-up may have been due to the fact that many 
patients were incarcerated. I believe substance abuse was probably 
underreported. 
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sive laser delivery systems to use. 
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for each surgical effect. Plus, the 
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Make the KTP/YAG Surgical Laser 
System your standard for all your 
general surgery procedures. You 
won't be alone. The System is the 
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specialties as well. For more infor- 
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Tumor N ecrosis Factor and Endotoxin 
Can Cause Neutrophil Activation 








Through Separate Pathways 


Frarcis D. Mcore, Jr, MD: Susan H. Socher, PhD; Carl Davis, MCh, FRSC(D 


* We investigated the possibility that tumor necrosis factor 
(TNF) mediates neutrophil activation by endotoxin. The number 
of C3b receptors on the neutrophil cell-surface was used as the 
indicator of activation, as assessed by indirect immunofluores- 
cence. incubation of buffy-coat neutrophils with TNF-c for 
30 minutes at 37°C caused neutrophil activation, increasing C3b 
receptor-dependert fluorescence from 340 with buffer alone to 
580 with TNF (250 ng/mL). Increasing amounts of anti-TNF igG 
progressively inhibited neutrophil activation by TNF (250 pg/mL). 
Addition of the active dose range of anti-TNF to neutrophils 
incubating in endotoxin (10 ng/mL) did not affect the degree of 
endctoxin-mediated neutrophil activation. Mixtures of neutro- 
phils with the 50% suppressive dose of anti-TNF and varying 
endctoxin concentrstions showed the same degree of neutrophil 
activation as mixtures without the antibody. Thus, an antibody 
that can inhibit TNF-mediated neutrophil activation does not 
inhibit endotoxin-mediated neutrophil activation. We conciude 
that endotoxin and TNF can activate neutrophils through sapa- 
rate pathways. 

(Arch Surg. 1991;:26:70-73) 


T here is an inescapable similarity between the experimen- 
tal effects of the bacterial product endotoxin and of the 
macrophage product tumor necrosis factor (TNF), whether 
the effects observed are in vivo or in vitro. Infusion of TNF 
alone can mimic the cardinal features of endotoxemia.! This 
similarity of actions has led to the hypothesis that TNF 
mediates the effects of endotoxin, and to the corollary that 
inhibition of TNF aetivity should protect the organism from 
the ravages of endotoxemia.” One would then wish to know 
whether there are relevant model systems in which the ef- 
fects of endotoxin and TNF, though identical, could be 
divorced. 

We have used a simple method for detection of neutrophil 
activation based on the observation that neutrophils respond 
to activating stimuli by an immediate and sustained increase 
in the number of cell-surface receptors for the complement 
opsonin, C3b. Using flow eytometry and monoclonal antibod- 
ies for the fluorescent staining of receptor sites, multiple 
. neutrophil activators have been shown to increase C3b recep- 
tor number, including C5a,* formyl-methionine-leucine-phen- 
ylalanine," platelet-cerived growth factor,‘ and, of relevance 
herein, both endotoxin’ and TNF-o.? By this type of analysis, 
we find that, in buffy-coat cells, anti-TNF antibody can sup- 
pressincreases inthe number of C3b receptors on the neutro- 
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phil cell surfaces in response to TNF but has no capacity to 
suppress the response to endotoxin. 


MATERIALS AND METHODS 


The lipopolysaccharide, Escherichia coli endotoxin 026:B26 (LPS; 
Sigma Chemieal Co, St Louis, Mo), was freshly prepared and diluted 
in Hanks’ balanced salt solution (HBSS) for each experiment. Recom- 
binant human TNF-a (Genzyme, Boston, Mass ) (2 x 10° U of bioacti- 
vity per milligram) was initially suspended at 10 mg/L in phosphate- 
buffered saline (pH 7.0) containing 0.1% bovine serum albumin 
(Pentex, Miles Laboratories, N aperville, Ill. Further dilutions of 
TNF in the same buffer were frozen at — 80°C for fresh use with each 
experiment. The anti-TNF antibody was produced by immunization 
of a rabbit with recombinant TNF, and the IgG fraction was purified 
from the antiserum by protein A-agarose affinity chromatography, 
as previously described. ' The IgG fraction was also purified from the 
serum of a nonimmunized rabbit to serve as a control. 


Preparation of Buffy-Coat Celis 


Bloed was drawn and diluted immediately with 2 vol of cold HBSS 
containing 63 mmol/L of sodium citrate. Cells were sedimented at 
200g at 4°C, and the buffy coat was harvested and washed in ice-cold 
HBSS three times, Cells were resuspended in HBSS at 5 x 10" cells 
per milliliter and kept cold until used. 


Measurement of C3b Receptor Antibody on Neutrophils 


Leukocyte samples were incubated for 30 minutes at 4°C with 
saturating concentrations of Yz-1, a murine monoclonal IgGl anti- 
human C3b receptor antibody’ in 0.1 mL of HBSS. Controls for 
nonspecific binding of antibody were cells incubated with identical 
concentrations of MOPC-21, a murine monoclonal antibody of the 
same antibody isotype as Yz-1, but with irrelevant antigen specific- 
ity. Cells were stained indirectly by ineubation for 30 minutes at 4*C 
with saturating concentrations of fluorescein isothiocyanate—conju- 
gated goat F(ab’), anti-mouse IgG in 0.1 mL of HBSS. These cells 
were washed with ice-cold HBSS, and residual erythrocytes were 
lysed with 0.15 mol/L of ammonium chloride containing 0.01 mol/L of 
potassium bicarbonate and 0.1 mmol/L of edetic acid. The fluorescent 
intensity of stained cells was measured with a cytofluorograph (model 
90h, Ortho Diagnostic Systems Ine, Raritan, NJ), equipped as previ- 
ously described.* 


Effect of TNF on the Number of 
Buffy-Coat Neutrophil C3b Receptors 


Aliquots (0.1 mL) of buffy-coat leukoeytes, as prepared above, 
were incubated with 0.1 mL of HBSS alone or containing increasing 
concentrations of TNF for 30 minutes at 87°C. Cells were sediment- 
ed, washed three times in ice-cold HBSS, and then assessed by 
indirect immunofluorescence, as above. 


Effect of Anti-TNF Antibody on Neutrophils 
Exposed to TNF 


The anti-TNF IgG or control IgG was added in increasing concen- 
tration to aliquots of buffy-coat leukocytes in 0.1 mL of HBSS (total 
volume: Each was incubated with 0.1 mL of HBSS containing 500 
pg/mL of TNF for 30 minutes at 37°C. Cells were sedimented, washed 
three times in ice-cold HBSS, and then assessed by indirect 
immunefluorescence. 
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Effect of Anti-TNF Antibody on Neutrophils 
Exposed to LPS 


The anti-TNF IgG or control IgG was added in increasing concen- 
tration to aliquots of buffy-coat leukocytes in 0.1 mL of HBSS 
(total volume). Each was incubated with 0.1 mL of HBSS containing 
20 ng/mL of LPS for 30 minutes at 37°C. Alternatively, cells were 
incubated with the dose of IgG giving 50% inhibition of TNF activa- 
tion (5 mg/L) and then an increasing concentration of LPS for 
30 minutes at 37°C. Cells were sedimented, washed three times in ice- 
cold HBSS, and then assessed by indirect immunofluorescence. 


RESULTS 


TNF Causes Increased Number of Cell-Surface 
C3b Receptors on Buffy-Coat Neutrophils 


As previously reported," ineubation of buffy-coat neutro- 
phils with TNF in concentrations from 25 to 1250 pg/mL 
caused a dose-response increase in the number of cell-surface 
C3b receptors, confirmed by these experiments (Fig 1; repre- 
sentative ef two separate experiments). Cells maintained at 
0°C exhibited a mean channel fluorescence for C3b receptors 
of 230, while cells at 37°C with no TNF increased to 340, 
demonstrating the activation due to manipulation. When cells 
were incubated with TNF, we observed a marked increase in 
mean charnel fluorescence to as high as 700 with 1250 pg/mL 
of TNF. Thus, we observed neutrophil activation caused by 
exposure of buffy coat to TNF. 


Anti-TNF IgG Inhibits TNF-Mediated 
Neutrophil Activation in Buffy Coat 


Buffy-coat cells were incubated in buffer alone, buffer with 
250 pg/mL of TNF (final concentration), buffer with 250 
pg/mL of TNF plus anti-TNF IgG in increasing concentra- 
tions, or buffer with 250 pg/mL of TNF plus nonimmune IgG 
at a concentration of 150 mg/L. We observed inhibition of the 
increase in the number of C3b receptors caused by TNF (Fig 
2; representative of three separate experiments) This de- 
pended on increasing concentrations of anti-TNF IgG. Cells 
held at 0°C exhibited a mean channel fluorescence for C3b 
receptors-of 100, while cells at 37°C with no TNF increased to 
240. Cells exposed to only TNF had a mean channel fluores- 
cence of 380, demonstrating neutrophil activation due to 
TNF. Cells exposed to TNF plus nonimmune IgG showed no 
effect of the IgG, with a mean channel fluorescence of 390. 
However, the addition of progressively greater concentra- 
tions of anti-TNF IgG resulted in a dosewise depression of 
neutrophil activation with complete inhibition at 125 mg/L. 
Thus, anti-TNF IgG can completely inhibit the neutrophil 
activation caused by TNF in buffy-coat cells. 


Anti-TNF IgG Does Not Inhibit the Neutrophil 
Activation in Buffy Coat Caused by LPS 


Buffy-coat cells were incubated in buffer alone, buffer with 
10 ng/mL of LPS, buffer with 10 ng/mL of LPS plus 150 mg/L 
of nonimmune IgG, or buffer with 10 ng/mL of LPS plus 
increasing concentrations of anti-TNF IgG (Fig 3; represen- 
tative of three separate experiments). Cells held at 0°C exhib- 
ited a mean channel fluorescence for C3b receptors of 220, 
while cells at 37°C with no LPS increased to 410. Cells held at 
37°C with no LPS but with anti-TNF IgG had a mean channel 
fluorescence of 370, indicating no effect of anti-TNF on ma- 
nipulation-induced neutrophil activation. Cells ineubated 
with LPS demonstrated neutrophil activation with the mean 
channel fluorescence rising to 710. This level of neutrophil 
activation was decreased to 600 by increasing concentrations 
of anti-TNF IgG, but was not ablated. Cells incubated with 
LPS and nonimmune IgG had a mean channel fluorescence of 
690. Thus, concentrations of anti-TNF antibody that inhibit 
TNF do not completely inhibit the neutrophil activation 
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Fig 1.—Tumor necrosis factor (TNF)-dependent dose-response in- 
crease in buffy-coat neutrophil cell-surface C3b receptor number 
observed after 30-minute incubation at 37°C with varying concentra- 
tions of recombinant human TNF. Neutrophil cell-surface C3b recep- 
tor number was measured by indirect immunofluorescence, yielding a 
mean channel fluorescence for each neutrophil aliquot that depended 
on receptor number. 
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Fig 2.—Anti-tumor necrosis factor (TNF) IgG-dependent dose-re- 
sponse inhibition of TNF-mediated neutrophil activation observed 
after 30-minute incubation at 37°C of buffy coat with TNF (250 pg/mL) 
and increasing concentrations of anti-TNF IgG. 


caused by a modest dose of LPS. 

Buffy-coat cells were then incubated with buffer alone, 
buffer containing increasing concentrations of LPS, or buffer 
with increasing concentrations of LPS plus anti-TNF IgG ata 
concentration (5 mg/L) that produced 50% inhibition of TNF- 
mediated neutrophil activation (Fig 4). Cells held at 0°C 
exhibited a mean channel fluorescence of 50. Cells held at 37°C 
with no LPS had a fluorescence of 320. Cells incubated with 
LPS alone showed a dose-response increase in C3b receptor- 
dependent fluorescence to 480 with 1000 ng/mL of LPS. This 
dose-response curve was not affected by the presence of anti- 
TNF IgG. Thus, anti-TNF does not alter the neutrophil 
activation caused by either small or large concentrations of 
LPS. 


COMMENT 


Neutrophils exposed to increasing concentrations of TNF 
exhibited increasing levels of activation, as demonstrated by 
the increasing number of cell-surface C3b receptors (Fig 1). 
The activation response curve of the neutrophils to TNF was 
similar to that contained in a prior report’ with a 50% effective 
concentration of 125 pg/mL. This concentration of TNF has 
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Fig 3.—Minimal anti-tumor necrosis factor (TNF) IgG-dependent 
dose-response inhibition of endotoxin-mediated neutrophil activation 
observed after 30-minute incubation at 37°C of buffy coat with Escheri- 
chia coli endotoxin, a lipopolysaccharide (10 ng/mL) and increasing 
concentrations of anti-TNF IgG. Please note the truncated y axis. 
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Fig 4.—Lack of effect of anti-tumor necrosis factor (TNF) IgG on the 
Escherichia coli endotoxin (a lipopolysaccharide [LPS])-dependent 
dose-response increase in neutrophil activation observed after 30- 
minute incubation at 37°C of buffy coat with or without anti-TNF IgG 
(5 mg/L) and increasing concentrations of LPS. 


caused neutrophil activation as measured by other means, 
such as increased phagocytosis of latex beads," increased 
antibody-dependent cellular cytotoxic reaction,” and release 
of neutrophil granules." Neutrophils exposed to endotoxin in 
biologic concentrations also have shov activation, the de- 
gree cf which depends on the dose of endotoxin, as seen herein 
in Fig 4 and in our prior publication.’ Thus, with respect to 
neutrophil activation, the action of TNF mimicked the action 
of endotoxin, as it has in other systems where the two have 
been compared. ' 

The anti-TNF antibody inhibited the 2 ctivating capacity of 
TNF in a dose-response fashion depend g on the cencentra- 
tion of IgG (Fig 2). The activating dose of TNF (250 pg/mL) 
was chosen to be submaximal to show the maxima. effect of 
the antibody. A concentration of nonimmune IgG equivalent 
to the maximally inhibitory dose of anti-TNF IgG did not 
inhibit the neutrophil activation inducec by TNF. Thus, the 
inhibitory effect was specific for the interaction of anti-TNF 
IgG and TNF. 
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Neutrophil activation caused by a constant dose of endotox- 
in was comparatively unaffected by the presence of increasing 
concentrations of anti-TNF IgG (Fig 3). We purposely chose a 
dose of endotoxin that was low and that produced a degree of 
activation comparable with that seen with TNF at 50% effec- 
tive concentrations. Thus, it was unlikely that the endotoxin 
resulted in the production of more TNF in the mixture than 
the anti-TNF could remove. To support this observation, we 
incubated cells with a concentration of anti-TNF IgG that 
produced 50% inhibition of TNF-dependent activation and 
varied the endotoxin concentration from minimal to submaxi- 
mal. Again, no inhibition of endotoxin-dependent neutrophil 
activation was observed (Fig 4). Thus, while it is possible that 
TNF might amplify the activating effects of endotoxin, these 
experiments indicated that neutrophil activation by endotox- 
in can occur independently from the activation caused by 
TNF. 

To conclude that TNF was not required to mediate neutro- 
phil activation by endotoxin was also to conclude that endo- 
toxin did not require monocytes to exert its effects on neutro- 
phils. We have addressed that point in our previous 
publication,’ showing that endotoxin caused neutrophil acti- 
vation in purified neutrophil populations, free of serum. How- 
ever, it was not possible completely to exclude low levels of 
monocyte contamination. In these experiments, any TNF 
that might have been released into the experimental solutions 
by endotoxin-activated monocytes was prevented from inter- 
acting with TNF receptors of neutrophils by the anti-TNF 
IgG. There is work to suggest that monocytes might also 
participate by exposing cell-associated TNF to cells, such as 
neutrophils, with TNF receptors.” Thus, TNF in solution 
might not be required for monocyte-dependent neutrophil 
activation. However, the antifunctional capacity of our anti- 
TNF IgG means that the IgG was also highly likely to bind to 
cell-bound TNF and therefore interfere with activation via a 
cell-bound TNF. 

There is little reason to challenge the hypothesis that TNF 
is a major mediator of the inflammatory process. As little as 
3X 10 " mol of TNF injected subdermally can promote an 
inflammatory response." However, despite prevailing opin- 
ion,” there is reason to challenge the hypothesis that TNF 
represents the major injurious mediator of septie shock. 
First, the finding that the genetically TNF-deficient mouse 
strain C3H/HeJ is endotoxin resistant has been challenged. 
This mouse strain has been restudied and found to be more 
susceptible to infection by a virulent E coli species than its 
congenic, non-TNF-deficient parent strain, C3H/HeN." 
Furthermore, resistance to the E coli bacteremia was mark- - 
edly enhanced by pretreatment with murine TNF and inter- 
leukin la. Second, at least one additional, unrelated endoge- 
nous mediator has been implicated in the pathogenesis of 
septic shock. Infusion of platelet-activating factor mimicks 
endotoxemia, and its blockade can attenuate the effects of 
endotoxemia.” Finally, in this report, we have shown that 
endotoxin can act independently of TNF in one of the immuno- 
logic systems whose activation by endotoxin is thought to play 
a role in the events of septic shock. We are concerned that a 
therapy for sepsis centered on TNF blockade may prove to be 
ineffective or possibly deleterious. 


This research was supported by grant AI24139 of the National Institutes of 
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Discussion 


RONALD V. MAIER, MD, Seattle, Wash: Tumor necrosis factor, in 
addition to being a central inflammatory mediator of the pathophysi- 
ology seen during endotoxemia and sepsis, has been implieated as 
mediating all effects of endotoxin. In this study, using fluorescence 
monitoring of expression of C3b (as a monitor of neutrophil activa- 
tion), the authors show that endotoxin in the absence of TNF can 
directly activate the neutrophil. Although buffy-coat white cells were 
used to reproduce the in vivo setting more closely, the duration of the 
experiment was only 30 minutes. The implication is that conzaminat- 
ing monocytes may produce TNF and thus mediate the endotoxin 
effect on neutrophils. The 30-minute period, however, is toc brief to 
allow production of TNF by monocytes, where a 90-minute lag phase 
before production and release has been shown. Do the authors have 
evidence that there is any produetion of endogenous TNF under these 
experimental conditions? If so, are the levels of TNF adequate to 
stimulate the neutrophil? 

Monoclonal antibodies to recombinant proteins are so specific that 
they often do not cross-react with endogenous proteins. Since the 
antibody used was raised to a recombinant protein, do the authors 
have evidence that the antibody is effective in blocking endogenously 
produced TNF? 

The major effect of TNF may not be primary stimulation but rather 
an augmentation of the response to subsequent LPS stimulation. Do 
the authors have evidence that the TNF effect in their system is 
enhancement of the subsequent neutrophil response to LPS? 

Finally, the clinical implication of polymorphonuclear leukocyte 
activation is organ injury, which depends on polymorphonuclear 
leukocyte adherence and bystander cell destruction. Do the authors 
have evidence that the monitor they chose correlates with tae ability 
of the neutrophil to adhere or to induce organ cytotoxic reaction? Is 
the marker chosen an indicator of partial neutrophil activation but not 
appropriate as a monitor of the pathophysiologic response (ie, organ 
injury potential) of clinical interest? 

CAROL MILLER, MD, Worcester, Mass: Both TNF and LPS have 
been shown to induce the release of interleukin 8 (IL-8) from buffy- 
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coat monocytes; IL-8is a potent inducer of C3b on neutrophils. Thus, 
anti-TNF would block the neutrophil activation that is secondary to 
TNF-induced production and release of IL-8 in the buffy coat. How- 
ever, anti-TNF would not block LPS-induced IL-8 production. Thus, 
the neutrophil activation would not be due to LPS directly but to IL-8 
release. 

MARC LANSER, MD, Boston, Mass: Tumor necrosis factor and LPS 
appear to have separate receptors on the neutrophil surface. It is not 
surprising that these agents would aet independently. Do cther 
agents (eg, C5a) that interact with specific receptors behave similar- 
ly? Are changes induced by these receptors or C5a in neutrophil 
function affected by treatment with TNF antibody? Second, the issue 
of endotoxin dose was addressed. Endotoxin, on a weight basis, was 
1000-fold less effective than TNF in inducing componenet opsonin 
(CR1) on the neutrophil. What is the physiologic relevance of such 
high endetoxin levels? 

ANDREW MUNSTER, MD, Baltimore, Md: Polymyxin B sulfate 
given intravenously following burn injury induces endotoxemia and 
abolishes production of interleukin 6 but does not alter TNF levels. 
Are agents other than endotoxin given following injury equally po- 
tent stimulators of TNF? 

Dr MOORE: Previous experiments utilizing CR3 or M1 as additional 
neutrophil activation markers invariably showed changes similar to 
those when CR1 was used. Cotreatment with both endotoxin and 
TNF had not been undertaken. The time course and involvement of 
other secondary mediators was not specifically addressed. The pres- 
ent study was to demonstrate that endotoxin, in the face of inhibition 
of TNF by specific monoclonal antibody, could still activate the 
neutrophil. Potential interactions between the anti-TNF antibody 
and other neutrophil stimulants were not studied. Although the 
endotoxin doses were high, the response covered an extremely broad 
dose range. Activation occurred with endotoxin at 5 to 10 ng/mL, 
which is within the physiologic range. 

In conclusion, there are multiple pathways to achieve neutrophil 
activaticn; which is most important is unclear. Systemie activation of 
the neutrophil is harmful, and to ameliorate the process, either every 
potential mediator must be identified and inhibited or, alternatively, 
a common intracellular pathway of activation needs to be identified 
and selectively inhibited to produce protection. 


Clinical Relevance Statement 


Following the stress of infection, traumatic injury, or major epera- 
tions, soluble mediators (cytokines) are released by host cells, espe- 
cially activated macrophages. These mediators are antigenically non- 
specific, intracellular signals that can recruit other cells, and in some 
situations control major physiological processes such as fever, stress 
hormone elaboration, acute phase protein synthesis, and chemetaxis. 
Neutrophils are the first cells to arrive at an inflammatory focus. 
Priming by chemoattractants increases neutrophil adherenee and 
margination to endothelial sites. Leukocytes leave the circulation by 
adherence and directed migration (chemotaxis) through the endothe- 
lium and enter the tissues by diapedesis. By releasing chemoattrac- 
tants and complement activators, neutrophils amplify local inflamma- 
tion. A family of cell surface glycoproteins, including the CR3 
receptor (also called Mac 1), are important for neutrophil adherence 
to endothelial cells or opsonized particles. The ligand for the CR3 
receptar is C3b, an opsonie fragment of the third component of 
complement, which increases phagocytosis. CR3 functions synergis- 
tically with receptors for the Fc portion of IgG antibody to promote 
adherence and phagocytosis of microorganisms. The importance of 
this molecular basis for leukocyte adherence is emphasized by the 
characteristic recurrent bacterial and fungal infections in patients 
with a deficiency of CR3 receptor. 

Gram-negative bacterial sepsis and endotoxemia cause the release 
of a variety of cytokines including TNF-a, platelet-activating factor, 
and interleukin 1. Since TNF upregulates the inflammatory re- 
sponse, it is not surprising that it activates neutrophils, as measured 
by increased CR3 (C3b receptors). It would also be expected that 
other mediators, besides TNF, would increase thisimportant neutro- 
phil reeeptor. A more complete understanding of these inflammatory 
mediators will allow manipulation of this homeostatic response to 
minimize systemic side effects while enhancing the beneficial 
components. 

M. WAYNE FLYE, MD, PHD 
St Louis, Mo 
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* We studied the effects of granulocyte macrophage colony- 
stimulating factor in burn patients. Serial measurements of gran- 
ulocyte oxidative function were obtained in treated patients and 
in a group of controis matched for age and total burn size. The 
administration of granulocyte-macrophage colony-s:imulating 
factor resulted in a 50% increase in mean le ukocyte counts. Both 
groups showed significant baseline increases in grenulocytic 
cytosolic oxidative function. Treated patients showed normal 
stimulated cytosolic oxidative function, which was sicnificantly 
depressed compared with that of untreated patients. Myeloper- 
oxidase activity was increased in treated patients during the first 
postburn week but then declined to normal levels. Jntreated 
patients had a significant increase in m ploperoxidase activity 
forthe first 3 weeks following injury. Untreated patients exhibited 
a significant decrease in superoxide acti during the-second 3 
weeks following injury. Treated patients demonstrated normal 
superoxide activity. 

(Arch Surg. 1991;126:74-79) 


] mprovements in fluid management, wound care, and nutri- 
tional support have markedly reduced early mortality 
from thermal injury, but significant late mortality persists. 
Burn-induced defects of the immune system appear to con- 
tribute to late mortality, which is prim: ily due to infection 
and sepsis. 

Although the specific cause of the immune dysfunction 
followmg thermal injury is unknown, both qualitative and 
quantitative defects have been noted in all limbs of the im- 
mune system." Defective migration, phagocytosis, and de- 
granulation have been described as manifestations of granulo- 
cyte dysfunction. In addition, burn serum contains an 
inhibitor of complement conversion that : ay cause opsoniza- 
tien failure that further inhibits neutrophil function.“ Such 
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granulocyte dysfunction may contribute significantly to the 
marked predisposition to infection. 

Granulocyte-macrophage colony-stimulating factor (GM- 
CSF) is a lymphokine that was first described nearly 20 years 
ago. Not only does GM-CSF stimulate the proliferative po- 
tential of granulocyte and macrophage progenitor cells in the 
bone marrow, but it also stimulates various functional activi- 
ties of mature cells. In the presence of GM-CSF, macrophages 
are stimulated to secrete plasminogen-activating factor" and 
also exhibit increased phagocytic and cytocidal activity for 
bacteria, yeast," and malignant cell lines.” Granulocytes in- 
crease RNA and protein synthesis and exhibit increased anti- 
body-cependent cytotoxic killing of tumor cells and enhanced 
oxidative metabolism in the presence of GM-CSF in vitro," 
Recombinant GM-CSF stimulates mature neutrophils to aug- 
ment eell surface antigenic expression as well as increase 
their phagocytic activity, synthesis of biologically active mol- 
ecules, and expression of various cell surface markers.” 

In a group of patients with thermal injury, a comparison of 
the serum levels of hematopoietic colony-stimulating factors 
(CSF's) has revealed distinct differences between survivors 
and nonsurvivors.^ The nonsurviving patients demonstrated 
an inappropriate lag in the generation of CSF early in the 
course of burn injury and inappropriately low levels of the 
factor even in the presence of documented sepsis. This aber- 
rant response was associated with a relative failure of granu- 
lopoiesis. Further studies have demonstrated that serum 
from patients with thermal injury inhibits the in vitro produc- 
tion of CSFs by mononuclear cells.” 

The multiple defects in granulocytic function and the de- 
creasec levels of CSFs following lethal thermal injury sug- 
gest that a beneficial effect on granulocyte count and function 
might result from the administration of CSFs. Our study was 
designed to determine the safety of the administration of 
human recombinant GM-CSF (hr-GM-CSF) in patients with 
thermal! injury. 


PATIENTS AND METHODS 
Patient Population 


Patients with burns over 20% to 70% of the total body surface area 
were eligible for enrollment in the study. Patients with inhalation 
injury diagnosed by xenon 133 lung scanning but with no broncho- 
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` -seopie evidence of upper airway irjury were also eligible for enroll- 
ment. Bronchoscopic evidence of inhalation injury resulted in exclu- 
study. All eligible patients were admitted within 48 
and underwent uneventful resuscitation. Routine care 
i. In all patients, sulfadiazine silver was applied once 
ts treated with other lymphokines, prophylactic antibi- 
| | corticosteroids were excluded from the study. Data from 
|. patients with thermal injury admitted during the same period but not 


s enrolled in the study and a group of healthy laboratory controls were 





~~. obtained for comparison with the treated patients. 


hr-GM-CSF 


Nonglycosylated hr-GM-CSF was obtained from the bacter:al fer- 
mentation of a strain of Escherichia. coli bearing a genetically engi- 
neered plasmid containing the human GM-CSF gene. The product is a 
highly purified, sterile, stable, water-soluble protein with a molecu- 
Jar weight of 14477 d. The GM-CSF was shown to be biologically 





ae active in the KG-1 cell proliferation assay and a colony-stimulating 
"assay that eriployed bone marrow cells. 


Drug Administration 


Patients were administered 3 or 10 pg/kg daily of hr-GM-CSF 
intravenously curing a 4-hour period. Treatment began within 5 days 
of injury and eontinued for a minimum of 2 weeks or until a grade 3 or 4 
toxie reaction developed. All potential adverse effects were recorded 
and graded cn the following scale: 1, mild; 2, moderate; 3, severe; and 
4, life-threatening. Any patient who experienced a grade 3 or 4 toxic 
reaction that was deemed attributable to the hr-GM-CSF received no 
further treatment until the adverse reaction resolved. The patient 
was then re-treated at a dosage not more than 50% of the original. 
Recurrence of the same toxic reaction necessitated withdrawal from 
the study. In patients who exhibited a white blood cell count greater 
than 50.0 x 20'/L, subsequent doses of the lymphokine were withheld 
until the wkite blood cell count decreased to less than 30.0 x 10"L. 
Administration was then resumed at a dose of 30% to 50% of the 
original dose. 


In Vitro Testing 


Complete blood cell counts were obtained daily from each patient. 
In vitro granulocyte function tests were performed twice weekly 
during treatment and for up to 3 weeks following cessation of lympho- 
kine administration. Granulocytes were isolated from heparinized 
whole blood by Ficoll-Hypaque gradients. Cells passing through the 
gradient were recovered from the cell pellet. Contaminat:ng red 
blood cells were removed by hypotonie lysis. The cell pellet from the 
Ficoll-Hypaque gradient was resuspended in 50 mL of Hanks bal- 
anced salt solution (HBSS), spun at 2250g for 10 minutes, and 3 mL of 
the buffy ceat was removed and placed in a 50-mL conical centrifuge 
tube. Distiled water (20 mL) was added during agitatior of the 
sample on vortex mixer. After 20 seconds, 20 mL of hypertonic (Z x ) 
HBSS was added, the cells were centrifuged at 200g for 10 minutes, 


> andthe supernatant was removed. The cells were suspended in 2 mL 


* ofHBSS and transferred to a 15-mL conical centrifuge tube. A second 
' lysis was performed with the addition of 4 mL of distilled water for 20 
seconds, after which 4 mL of 2x hypertonic HBSS was added to 
restore isotonicity. The cells were suspended at a concentration of 
1x10 cells/mL in 1 mL of barbital buffer (pH 7,25).” 2' ,7'-Dichloro- 
fluorescein-diacetate (DCF-DA, at a final concentration of 5 pmol/L) 
was added to each sample and incubated for 20 minutes at 87°C to 
allow DCF:DA to enter the cells. Whereas DCF-DA easily perme- 
ates the celis where the acetyl groups are hydrolyzed to 2’,7'-dichlor- 
ofluorescein (DCF), the DCF is too polar to pass through the plasma 
membrane and is effectively trapped within the cell. When oxidized 
by peroxide, DCF becomes highly fluorescent and the measurement 
of this fluorescence serves as an index of cytosolic peroxidative 
activity. Cell fluorescence was measured by flow cytometry. The 
mean fluorescence of 10 000 cells was calculated for each data point. 
After an initial fluorescent measurement, cells were incubated for 20 
minutes wath and without pherbol myristate acetate (PMA, 700 
ng/mL) as stimulant. Measurements were recorded as log fluores- 
*. cence and were compared with values obtained from granulocytes 
'. . from healthy volunteers. 

- Additioral studies of granulocyte oxidative metabolism were per- 
formed with the use of two chemilumigenic probes, luminol, and 
dimethyl biaeridinium dinitrate (DBA).” Heparinized whcle blood 
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was diluted 1:10 in HBSS (pH 7.2). Aliquots (20 pL) of diluted whole 

blood were added to 2 mL of barbital buffer solution in silicon:zed 
glass viels. The appropriate chemilumigenic probe was then added to 
each sample, and three prestimulation background measurements 
were performed. All measurements were made at 25°C in a liquid 
scintillazion counter set for photon counting. Saline, PMA (350 n/raL), 
or zymosan (6.25 mg/L), preopsonified with guinea pig serum, Was 
added to the vial, and luminescence was measured at 13-mimute 
intervals for 2 hours. The total luminescence produced in each sarijple 
was caleulated from the light-intensity measurements by trapezcidal 
approximation. The values obtained for luminol correspond to: the 
total oxygenation events produced primarily by myeloperoxidase. 
The values obtained when DBA was used as a probe corresponded to . 
the total oxygenation events produced by extracellular superoxide 

anion and other oxidative species. | 


Statistical Analysis ; 

Differences between groups were analyzed with use of the t test. D 

and anzlysis of variance, with post hoe testing, when appropriate, 
with use of the BMDP statistical package. 


RESULTS 
Patient Population 


Ten patients with a mean age of 28.6 years and a mean burn 
size of 37% were enrolled in the study. Individual patient 
data, including the dose of hr-GM-CSF, and the duraticn of 
treatment, are outlined in Table 1. Two patients, both with 
inhalation injury, died, for a mortality rate of 20%. Fourteen 
patients with thermal injury with a mean age of 30.5 years and 
mean burn size of 36%, admitted during the same period, 
were used as nonrandomized controls for comparison of oxida- 
tive metabolism data. There was no statistical difference 
between the two groups of patients with respect to age, ourn 
size, and mortality rate, although a greater proportion of 
untreated patients had inhalation injury (Table 2). Graces 1 
and 2 adverse effects were common. Seven patients zom- 
plained of pruritus, four exhibited pyrexia during administra- 
tion o? hr-GM-CSF, two complained of back pain, and one 
experienced pleuritic chest pain. Acute parotitis and a subeu- 
taneous abscess occurred in one patient, each requiring inci- 
sion and drainage. 


Biood Count Data 


Patients receiving GM-CSF demonstrated a significant in- 
crease in total white blood cell count during the second post- 
burn week compared with the first, third, fourth, fifth, axth, 
and seventh postburn weeks (Fig 1). One patient, who re- 
ceived 10 pg/kg of GM-CSF, had a white blood cell eount 
greater than 50.0 x 10°/L during the second postburn week. 
Lymphokine administration was discontinued for 2 days. dur- 
ing whieh time the white blood cell eount decreased to 
26.0 x 10°/L, and treatment was then resumed at 3 pg/kg per 
day. The majority of treated patients demonstrated a re.ative 
decrease in their white blood cell counts during the third 
postburn week despite continued administration of GM-CSF. 
Compared with the untreated burn patients, the patients 
receiving GM-CSF exhibited a significant elevation in their 
white blood cell counts only during the second postburn week. 
The percentage of granulocytes was not different between 
treated and untreated burn patients during the first 3 weeks. 
However, on cessation of GM-CSF administration, a signifi- 
cant decrease in the percentage of granulocytes was noted in 
the treated patients compared with the untreated burn pa- 
tients (63.5% vs 80.9%) (Fig 2). The percentage of polymor- 
phonuclear cells was not different during treatment bat de- 
creased significantly during the fourth postburn week 
compared with untreated patients (48.396 vs 71.2%), account- 
ing for the difference in the granulocyte percentages (Fig 2). 
No statistically significant differences between treated and 
untreated patients were noted in the percentage of mono- 
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| Table 1.— Patient Demographics* 









Granulocyte- 
Macrophage 
% Colony- 
Total Burn Stimulating 
Patient/ Surface % Full- Factor Duration of 


Age, y/Sex Area Thickness Dose, pg/kg Treatment, d 
a R— R4 — —t— 


24 18 10 17 
20 17 12 
35 0 3 12 
54 44 3 5 
42 8 3 29 
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*Factor administration was Stopped on days 5 and 2 in patients 8 and 10, 
respectively, because of worsening pulmonary status. Both patients had 
abnormal xenon 133 bone scans but normal bronchoscopic findings. The 
degradation in pulmonary function was not temporally related to the adminis- 
tration of factor. 


Treated 





cytes, lymphocytes, myelocytes, or band forms either during 
or after treatment, although patients receiving the cytokine 
tended to have an increased percentage of band forms and 
myelocytes during treatment. 


Dichlorofluorescein Oxidation 


No significant difference in baseline unstimulated cytosolic 
oxidative activity was noted between the two patient groups, 
although both were significantly higher than values for un- 
burned controls (Table 3). Patients receiving hr-GM-CSF 
exhibited a significant decrease in maximal cytosolic oxida- 
tive activity compared with untreated burn patients (92.9% 
vs 114.7% of control values; P<.01) during the 3 weeks of 
treatment. On cessation of cytokine administration, the peak 
cytosolic oxidative activity of treated patients increased 
slightly to 97% of that for controls whereas untreated patients 
remained elevated at 113% of control values (Table 4). 


Chemiluminescence 


During the first 7 days following injury, both treated and 
untreated burn patients exhibited a significant increase in 
luminol chemiluminescence compared with healthy controls. 
This inerease was independent of the type of stimulation 
employed to activate the granulocytes, as the response to 
opsonified zymosan and PMA were essentially identical (Ta- 
ble 5). After 1 week, oxidation of luminol following stimula- 
tion by opsonified zymosan and PMA decreased to control 
values for the treated patients but remained elevated for the 
untreated patients. During the third postburn week (the last 
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White Blood Cell Count, x10*/L 
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Postburn Week 
Fig 1.—White blood cell counts during the first 7 postburn weeks are 
shown for the treated (solid line) and untreated (broken line) patients. 
The only significant difference was detected during the second post- 
burn week (asterisk equals P<.05). Vertical bars indicate SDs. 
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Postburn Week 


Fig 2.— The percentages of granulocytes for treated (solid line) and 
untreated (broken line) patients are displayed for the first 7 postburn 
weeks. No differences between groups were evident, except during 
postburn week 4 when treated patients had significantly fewer granu- 
locytes than untreated patients. Asterisk equals P<.05. The percent- 
age of lymphocytes increased in treated patients, but the difference 
between groups was not significant. Vertical bars indicate SDs. 


week of therapy with GM-CSF), luminol chemiluminescence 
remained unchanged in the untreated patients and increased 
significantly in the treated patients in response to PMA but 
not opsonified zymosan administration. After 21 days, lu- 
minol chemiluminescence began to decrease in untreated pa- 
tients but remained significantly elevated in treated patients 
in response to PMA administration. 

The oxidation of DBA, an indicator of extracellular super- 
oxide production, normally declines as time after injury pro- 
gresses. In this group of untreated burn patients, the mean 
luminescence value was 8796 of the control patients mean 
value during the first 3 weeks and 61% of the control value 
(P«.01) during the second 3-week period following injury 
(Table 5). Patients treated with GM-CSF failed to show a 
decrement in oxidation of DBA, with luminescence values 
similar to those for controls during the first 2 weeks following 
injury and 13796 of those for controls during the third and final 
week of treatment. The DBA chemiluminescence remained 
signifieantly elevated at 117% of control values when adminis- 
tration of GM-CSF was discontinued. | 
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numbers of properly functioning granulocytes 
he most important factors in a patient's defense 
on. Thermal injury induces a variety of abnor- 
nulocyte production and function. Peterson et 


progenitor cell pool. This decrease in circulating colony-form- 


‘ing units was associated with a higher incidence of fatal 
septicemia. Defects in chemotaxis, random migration, phago- 
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e "terieidal capacity, superoxide production, and in 
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Table 3. — Cytosolic Peroxidase Activity for Postburn 
Days 0 Through 21* 















0.249 + 6.01 0.929 + C.06 
2 Wi Untreated a 0.243 + 0.01 1.150 €.05 


*Values are mean + SD. PTUR indicates the ratio of the mean log fluores- 
cence for unstimulated patients’ cells to stimulated control subjects celis 
(normal, 0.16) (both patient groups were significantly different from controls 
[P<.05}); PTS, the ratio of the mean log fluorescence for stimulated patients 
cells to stimulated control subjects’ celis (normal, 1.0) (untreated patients were 
significantly different from treated patients and controls [P<.05)). 






Tabie 4, — Cytosolic Peroxidase Activity for Postburn 
Days 22 Through 42* 









| Tested — 0.223: 0.02 
^ Untreatec — : 0.227 +0.01 

"Values are meant SD and are for the 3 weeks after cessation of factor 
administration. See Table 3 for an explanation of PTUR and PTSR. The PTUR 
for both patient groups remained significantly elevated compared with controls 
(P«.05), PTSR for untreated patierts remained significantly different from 
treated patierts and controls (P<.05). 








0.972 +0.05 
1.140 + 9.04 







Table 5.—Chemiluminescence Data* 





4298 + 912F 


n= 137) 














 Controkin: 2344 +179 
Untreated (n = 22) 4779 + 987t 
Treated: (n= 14) 3649 + 593 


Contro! (n= 137) 
Untreated (n — 74) 
"Values are mean + SD chemiluminescence data. LOZ i 






3120 +319 
3217 + 469 








Significant difference compared with controls (P<.01). 
Significant difference compared with treated patients (P<.01). 
'$Significant difference compared with controls (P«.05). 









PBD 8-14 
PBD 15-21 
PBD >21 


sen LOZ indicates apsonified zymosan-stimulated luminol chemiluminescence; LPMA, phorbo! myristate acetate 
--stimaulated luminol chemiluminescence; DPMA, PMA-stimulated dimethyl biacridinium dinitrate chemiluminescence; and PBD, postburn day. . 





































relationship between these defects and the propensity for 
infection has not been shown. 

Granulocyte-macrophage CSF is a cytokine produced by 
activated T cells and macrophages as well as by certain fibro- 
blasts and endothelial cells.” It is a potent stimulus of bone 
marrow progenitor cell production of neutrophils, monoe res, - 
and eosinophils. Significant increases in numbers of cirewlat-. 
ing granulocytes have been documented in both healthy pri- | 
mates and humans following parenteral administratior. of 
GM-CSF, 7226523! Clinical trials in patients with leukopenia. 
secondary to aplastic anemia," acquired immuned af 
syndrome,” chronic idiopathic neutropenia,” and 
therapy-induced neutropenia” have all shown the abili 
GM-CSF to increase circulating levels of mature gra 
cytes. Parenteral administration of GM-CSF te our cohort of- 
patients with thermal injuries resulted in a similar response. __ 
After a lag time of approximately 1 week, white blood cell 
counts increased significantly compared with untreated kurn 
patients. After cessation of GM-CSF administration, counts - 
quickly decreased to expected normal levels. Eosinophilia, - 
commonly seen in primate studies following the parenteral 
administration of GM-CSF, was not observed in our treated 
patients. mu 

The in vitro effect of GM-CSF on white blood cells isolated > 
from healthy volunteers has been well documented. Although . 
GM-CSF has little effect on white blood cell function alone, it. 
appears to “prime” the cell for increased oxidative function 
when activated in vitro by physiologic chemoattractants, 
such as PMA, FMLP (F Met-Leu-Phe), C5a, leukotriene B,, 
and opsonified zymosan.” Chemotaxis, cytotoxic and phago- 
cytic activity, superoxide production, and degranulation are 
all increased by prior incubation with GM-CSF." 

Few data exist concerning the effect of parenteral GM-CSF 
on various white blood cell functions in patients with Gocu- 
mented functional defects. Defects in granulocyte phagocyto- = 
sis and bactericidal capacity in two patients with acquired 
immunodeficiency syndrome were resolved with the paren- 
teral administration of GM-CSF." Reductions in phagozytic — 
capacity, nitroblue tetrazolium reduction, and migration 
were restored to normal by the administration of GM-CSF in — 
one patient with chronic idiopathic neutropenia.” B, 
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The parenteral administration of GM-CSF to our group of 
patients with thermal injury did not affect the baseline (non- 
stimulated) increase in in vitro cytosolic oxidat:ve activity 
previously described." When the oxidation of DCF is ex- 
pressed as a percentage of the mean fluorescence of stimu- 
lated white blood sells from healthy control subjects, unsti- 
mulated cells fror healthy controls demonstrate approxi- 
mately 16% activity. Both the treated and untreated burn 
patients’ cells had significantly higher baseline activity com- 
pared with normal controls (24.9% and 24.3%, respectively), 
This increase in unstimulated oxidative capacity persisted 
even after discontinuation of the GM-CSF. Patients receiving 
GM-CSF had normal stimulated DCF oxidation values 
(92.9%) that were significantly lower than the 115% activity 
seer in white blood cells from untreated patients. Thus, it 
appears that GM-CSF decreases the capacity of granulocytes 
to oxidize DCF, presumably due to the lower preduction of 
intracellular hydrogen peroxide. 

Myeloperoxidase activity, as indexed by luminel chemilu- 
minescence following stimulation by opsonified zymosan and 
PMA, was markedly elevated in untreated patients for the 
first 3 weeks after injury. Treated patients showed a signifi- 
eant increase in luminol chemiluminescence during the first 
few days of treatment, which subsequently declired to nor- 
mal control values during the second week of treatment. 
During the third week of treatment and on discontinuation of 
GM-CSF administration, opsonified zymosan-stimulated 
chemiluminescence remained normal. In contrast, PMA- 
stimulated lumino! chemiluminescence rose to su»ranormal 
levels. 

The level of DBA chemiluminescence, which primarily in- 
dexes superoxide anion production, was significant. y affeeted 
by the administration of GM-CSF. During the first 3 weeks 
after injury, granulocytes from untreated patien:s showed 
normal to slightly decreased PMA-stimulated chemilumines- 
cence when DBA was used as a probe. During the subsequent 
3 weeks, this defect was exaggerated. In patients receiving 
GM-CSF, DBA chemiluminescence was only slightly de- 
pressed during the first postburn week, normal curing the 


second postburn week, and supranormal during the third 
week of drug administration. After discontinuation of GM- 
CSF administration, DBA chemiluminescence remained nor- 
mal and did not decrease in contrast to that in the untreated 
patients. The maintenance of DBA chemiluminescence fol- 
lowing cessation of GM-CSF administration indicates that the 
effect of the cytokine is not direct, because the half-life of 
circulating neutrophils is substantially less than 1 day. 

The administration of parenteral GM-CSF to patients with 
thermal injury but without inhalation injury appears to be 
safe and resulted in the expected increase in circulating num- 
bers of granulocytes. Whether this compound can be safely 
administered to patients with inhalation injury cannot be 
answered from our study. Although both patients with inha- 
lation injury who received GM-CSF died, deterioration in the 
patients’ status was not temporally related to its administra- 
tion. A more complex question concerns whether the effect of 
parenteral administration of GM-CSF on white blood cell 
function is beneficial. Restoration of superoxide production 
by stimulated cells has the potential for both beneficial and 
adverse effects. An increase in extracellular superoxide may 
lead to an increase in capillary permeability due to endothelial 
injury from adherent white blood cells. The reduction in 
myeloperoxidase activity might also be viewed as detrimental 
to the patient, as this enzyme plays an important role in the 
bactericidal capabilities of the phagocyte. The effect of these 
changes on morbidity and mortality cannot be determined 
from our nonrandomized trial of GM-CSF administration in 
patients with limited thermal injury. Our results caution 
against the extrapolation of data obtained through the in vitro 
incubation of normal cells with GM-CSF. Future studies con- 
cerning the effect of parenteral administration of GM-CSF on 
white blood cell function in healthy subjects as well as its 
effect on pulmonary function in lung injury in animal models 
will be important to define the in vivo effects and the potential 
beneficial or detrimental effects when administered to in- 
jured patients. 

The br-GM-CSF used in this study was kindly supplied through a joint effort 
between Schering-Plough Corp and Sandoz Corp. 
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Discussion 


Cora K. OGLE, MD, Cincinnati, Ohio: The total burn surface area 
of the study patients ranged from 20% to 10%, and the patients with 
larger burns developed complications. What will the increase of 
superoxide release with GM-CSF? Was the result of improvement of 
release from a defective cell or was the improvement the result of new 
cells released from the bone marrow? 

DAVID H. LIVINGSTON, MD, Newark, NJ: How was the dosage of 
GM-CSF derived and by what route was it delivered? 

JONATHAN MEAKINS, MD, Montreal, Quebec: Was there ary clini- 
cal effect as a result of the administration of GM-CSF? 

RONALD V. MAIER, MD, Seattle, Wash: If administration of GM- 

CSF stimulates the release of very immature cells, are the changes 
$. that are monitored basically the functional changes of an aging 
= neutrophil? 
c UR. DAVIE REINES, MD, Richmond; Va: What about the maturity 
` of the cells and the differential cell counts? Do a large number of band 
cells appear in the treated patients? 
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DR CIOFFI: Originally, patients with burns of 20% to 40% were - E 


enrolled into the study and then the population of patients was m 


expanded to those with burns of 40% to 70% after it was established |... 
that marked adverse effects were not seen in the small burns. Normal - 
granulocytes have been incubated in vitro with GM-CSF and have 
shown a progression of priming of the neutrophil, but this has not 
been dene for neutrophils of burn patients. The intravenous doses of 3 
to 10 pkg were derived from primate studies withthe thought that it 
would double the white blood cell counts. In regard to the clinical 
effects of the compound, two of the treated patients developed ab- : 
scesses. The GM-CSF shortens the time that the white blood cell. 
spendsin the bone marrow, so we may just be looking at younger cells 
that have more myeloperoxidase activity. However, a lot of younger: 
cell types were not seen in the peripheral blood. The only alteration 
was that the patients developed a relative granvlocytopenia after the ` 
cessation of GM-CSF administration for approximately 1 week, 
which subsequently returned to normal. 
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ffect of Aerosolized Fibrin Solution 


. on Intraperitoneal Contamination 


Terry Dubrow, MD: Robert J. Schwartz, MD; John McKissock, MD; Samuel E. Wilson, MD 


* The potential deleterious effects of aerosolizec fibrin on 
contaminated procedures were investigated in a ra* model of 
peritonitis. One hundred forty rats were divided into two groups. 
In the control group, gelatin capsules containing feces (10' bac- 
teria per milliliter) and barium sulfate at various dilutions were 

-placed into the abdomen: in the second experimental group, a 
solution of cryoprecipitate, thrombin, and calcium wes spreyed 
diffusely into the peritoneal cavity after similar fecal contamina- 
tion. Fecal inocula with low bacterial concentrations (0.01, 0.1, 
and 0.15 mL) caused few deaths from peritonitis or abscess 

(formation in either group. Heavy peritoneal contaminetion (0.25, 

= 03, and 0.5 mL) caused early deaths from peritonitis in both 

«groups, with 80% of the deaths due to sepsis in the firs: 48 hours. 

However, in the moderately contaminated rats (0.2 mL of fecal 

inoculate), fibrin aerosol reduced the 10-day mortality from 80% 

to 10%. In all survivors in the fibrin-treated group, intraperitoneal 

abscesses developed. With intraperitoneal bacterial concentra- 

_ tlons of 2 x 10° organisms, early acute mortality from fibrinopuru- 

_ e lent peritonitis is decreased at the expense of late, localized, 

*. — nonlethal abscess formation, Aerosolized fibrin solution must be 
used with caution in contaminated surgery. 

(Arch Surg. 1991;126:80-83) 














| A? admixture cf fibrinogen (eryoprecipitate), thrombin, 
| and calcium simulates the final step of the clotting cas- 
-cade (Figure) When combined, fibrinogen is converted to 
fibrin, which polymerizes to form a gelatinous mass. This 
 fibrin “glue” adheres to body tissues, controls diffuse bleed- 
ing, and seals gastrointestinal or vascular anastomoses. Fi- 
brin glue is widely used in microsurgery, neurosurgery, plas- 
je surgery, otolaryngologic surgery, and cardiothoracic 
urgery."? | 
In general surgery, fibringlue has been used successfully in 
wel anastomoses as the primary sealant and as an adjuvant 
o stapling.“’ Its use has been extended experimentally to 
revent leaks after common bile duct anastomoses and clini- 
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cally to promote closure of fistula and sinus tracts." The 
principal application, however, is as a hemostatic agent to 
contrel oozing from cut tissue surfaces, especially where 
coagulopathy or tissue friability are present and suture liga- 
tures may exacerbate bleeding. For example, in trauma sur- 
gery, hemorrhage from hepatic and splenic lacerations can be 
stopped with fibrin glue. ^? 

These successes notwithstanding, the deposition of fibrin 
glue in the abdominal cavity is a source of potential morbidity 
in patients with gross peritoneal contamination. Trapping of 
bacteria in a fibrin clot predisposes to intra-abdominal ab- 
scess formation." Moreover, the late mortality correlates 
with increasing fibrin clot size, whereas removal of fibrin 
deposits with subeutaneous or intraperitoneal heparin or via 
débridement lowers peritonitis mortality. =" 

The patient sustaining abdominal trauma in whom fibrin 
glue is likely to be used is at high risk for peritonitis if there is 
perforation of the gut with fecal soiling, multiple transfu- 
sions, and multiorgan injury." 5 We investigated the effect of 
an aerosolized solution of eryoprecipitate, thrombin, and cal- 
cium intraperitoneally in an established model of peritoneal 
contamination known to produce peritonitis and intra-abdom- 
inal abscess in the rat.” 


MATERIALS AND METHODS 
Rats 


Male Wistar rats (Charles River Laboratories, Wilmington, Mass) 
weighing 300 to 400 g (encapsulated inoculum study) or 600 to 700 g 
(free inoculum study) were the experimental animais. They were fed 
rat chow (Teklad Rodent Food, Madison, Wis) and water ad libitum 
preoperatively and postoperatively, 


inoculum 


A fresh steol specimen, obtained from one of the experimenters, 
was immediately diluted 1:1 with brain-heart infusion broth and 
mixed thoroughly. The suspension was filtered through a single layer 
of gauze to remove vegetable fibers and large particles. Barium 
sulfate (10% wt/vol) was added. The mixture was divided into anaero- 
bic specimen vials (Scott Laboratories, Carson, Calif) and quickly 
frozen at. — 70°C, 


Bacteriology 
One-milliliter aliquots of the feces-barium inoculum were diluted 


10-fold in prereduced, anaerobically sterilized media. Aliquots of 
0.1 mL. were then plated aerobically on MacConkey agar (Scott 
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Factor Xilla 


Components of fibrin glue. 


- Laboratories), sheep blood agar (Scott Laboratories), and Celumbia 


~~ GNA plates (Scott Laboratories) These plates were incubated for 1 


to 24 hours at 35°C with carbon dioxide present. Anaerobic cultures 
were performed on 0.1-mL aliquots plated onto brain-heart infusion 
agar with and without 20 mg/L of gentamicin. All anaerobie plates 
were supplemented with a 3% mixture of hemoglobin digest ard yeast 
extract (Fides enrichment, Difeo, Detroit, Mich) and vitamin K. 
Aerobe cultures were counted and identified using the Manual of 
Clinical Microbiology” protocol. Virginia Polytechnic Institute 
methods were used to count and identify anaerobes. 


Fibrin Glue Preparation 


Pooled human cryopreeipitate, obtained from a blood bank, was 
gradually thawed just before surgery and drawn into 1-mL syringes. 
Twenty theusand units of bovine thrombin with 21 mg of calcium 
chloride (Thrombostat, Parke-Davis, Morris Plains, NJ) was recon- 
stituted with 20 mL of isotonic saline and drawn into a 1-mL syringe. 
The cryoprecipitate and thrombin-calcium syringes were connected 
to a duoflow device (Hemaedies, Pacific Palisades, Calif) for 
aerosolization. 


implantation of Inoculum 


Encapsulated Inoculum. — Immediately before surgery, the in- 
oculum was thawed and 0.1 to 0.3 mL was placed in a No. i gelatin 
capsule, using a tuberculin syringe. The capsule was then enclosed in 
a No. 0 gelatin capsule. 

Rats anesthetized with ketamine hydrochloride and xylazine hy- 
drochloride instilled intraperitoneally had their abdomens shaved 
and prepared with povidone-iodine solution. The rats were draped 
sterilely, and a 1.5-em lower-midline abdominal incision was made. 
The gelatin capsule was set in the right lower quadrant. In experi- 
mental rats, the capsule was surrounded by 2 mL of fibrin glue 
introduced through the duoflow device. The abdomen was closed in a 
single layer with continuous 3-0 silk sutures. 

Free Inoculum.—The operative procedure was identical except 
that the inoculum was drawn into 1-mL syringes and 0.3 mL was 
sprayed diffusely throughout the peritoneal cavity with a Z1-gauge 

needle, An aerosolized solution of fibrin glue was sprayed over the 
contaminated peritoneal surfaces. 
| Analysis 

Mortality within the first 2 hours postoperatively was attributed to 
anesthesia, and these rats were eliminated from the study. Autopsies 
were performed on the remairing rats within 12 hours of death or 
they were killed on postoperative day 7. Gross pathologie appearance 
of the peritoneum was noted, as were the presence and size of ab- 
scesses. 


RESULTS 
Bacteriologic Analysis 


The qualitative bacterial analysis of the predominant or- 
 ganisms yielded gram-negative enterobacteriaceae, anaer- 
... obes, and gram-positive cocci (Table 1). The overall bacterial 
‘count for the encapsulated inoculum was 10° colony-forming 
units (CFUs) per milliliter, whereas the count for the free 

noculur was 10° CFUs/mL. 
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Tabla 1.— Qualitative Bacterial Analysis of Predominant Flora 4 
in Encapsulatec and Free Inocula* UD 


Encapsulated Inoculum (107 CFUs/mL) 
Escherichia coli No.1 
E coli No. 2 
Streptococcus sanguis No. 1 
Streptococcus uberis 
Streptococcus salivarius 
Streptococcus durans 
Streptococcus viridans, not group D 
Lactobacillus species 
Clostridium ramosum 
Eubacterium lentum 
Eubacterium species 
Bifidobacterium adolescentis 
Bifidobacterium catenulatum 
Bacteroides fragilis 
Bacteroides thetaiotaomicron 
Bacteroides ovatus 
Bacteroides capillosus 

Free inoculum (10° CFUs/mL) 
E coli 
Klebsiella pneumoniae 
Enterococcus faecium 
Streptococcus viridans 
Streptococcus bovis 
Corynebacterium species 
Bifidobacterium infantis 
Peptostreptococcus anaerobius 
Eubacterium fissicatena 
Bacteroides merdae 
Bacteroides vulgatus 
Bacteroides asaccharolyticus 

Bacteroides splanchnicus 





*CFUs indicates colony-forming units. 


Encapsulated Inoculum.—In the fibrin glue-treated 
groups, the mortality and abscess rates did not differ sinif- — 
cantly at low and high inoculum sizes, compared with controls 
(Table 2). Fifty-four (90%) of 60 rats receiving higherinoeu- 
lum sizes (0.25, 0.3, and 0.5 mL) died within the experimental |. 
period, and at necropsy, acute peritonitis was observed in 
each of these rats. A significant (P<.01) reduction — 
in mortality was noted in the group given the 0.2-mL 
(2 x 10-CFUs/mL) inoculum for fibrin glue-treated rats com- — 
pared with controls. All fibrin glue-treated rats had abscess- 
es at autopsy, whereas no abscesses were found in the two. 
surviving rats in the control group. NM 

Rats receiving the smaller inocula (0.15 and 0.1 mL)hadno 
signifieant differences in the mortality or abscess rates be- 
tween fibrin glue-treated and eontrol groups. Of the 10 rats 
treated with fibrin glue in the group given the 0.15-mL inocu- 
lum, two died during the experimental period, and autopsy . 
revealed peritonitis. No deaths occurred in the contrel rats 
receiving 0.15 mL of inoculum, and only one rat of the 1C killed. 
on the seventh postoperative day was found to have an ab-. 
scess. In rats receiving the lowest inoculum (0.01 mL) of 
human stool, no deaths or abscesses were noted in either the 
fibrin glue-treated or control groups. " 

The most frequent locations for intra-abdominal abscesses . 
were underneath the peritoneal incision, between the omen- 
tum and the abdominal wall, or in the subhepatie and sub 
phrenie spaces. 3 

Statistical analysis using the x’ test showed a sigrificar 
reduction (P<.01) in mortality in only the 0.2-mL (cg, 
CFUs/mL) inoculum group between rats treated with fib 
glue compared with controls. Overall, the abscess rate we 
not significantly increased in ihe-fibrin glue-treated rats 


eompared with controls except. roap given the 6.2-mL 
inoculum. zog eS 
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Table 2.—Cumw ative Mortality and Abscess Rate in Rats 
Receiving Different Doses of Encapsulated Human Fecal 


inoculum 








Inoculum Peri- 


























Size,mL Groupin}) Deaths  tonitis. Abscess  Survivai 
Encapsulated Inoculum 
2.01 Control (10) 0 0 0 10 
Fibrin (19) 0 0 0 
Contro! (10) Q 0 1 
Fibrin (109 2 2 0 
Control (10) 0 0 1 
Fibrin (101 2 2 0 
@.20* Control (10) 8 8 0 
Fibrin (10: 1 1 9 
6.25 Control (10) 8 8 0 
Fibrin (10) t9 19 0 
C.3 Control (12) 8 6 4 
Fibrin (10) 10 10 0 
C.5 Control (10) 10 10 0 
Fibrin (1C) 10 10 0 






Free inoculum (10* Bacteria/mL.) 
C.3t Control (10) — 5 (60%) 5 4 


Fibrin(14) ^ 5 (36%) 


*P«..25 for mortality. 
T2.25. 








Free Inoculum. — Twenty-four rats had 0.3 mL of human 
feces sprayed diffusely into the peritoneal cavity (Table 2). Of 
the 14 rats in this group treated with fibrin glue, there were 
five deaths (86%), and in six of nine survivors intraperitoneal 
abscesses developed in the usual locations. Of the 10 control 
rats in this group, five deaths (50%) were noted within the 
experimental period. In four of five survivors in this group, 
intraperitoneal abscesses developed at autopsy. Statistieal 
analysis using the x^ test showed no significant difference in 
deaths or in the number of abscesses in the survivors among 
the fibrin glue-treated group compared with controls. 


COMMENT 


Three defense mechanisms for the control of bacterial 
pathogens within the peritoneal cavity have been estab- 
lished. *"* The earliest and most efficient is a mechanical 

->> deararce through dizphragmatic lymphatics, which rapidly 
. reduces the number cf bacteria in the abdominal cavity. The 
< second, and probably most significant, is the opsonization and 
_ phagocytosis by leukocytes in situ. Prompt phagocytosis oc- 
curs by local peritoneal macrophages, while a delayed re- 
. Sponse occurs via neutrophilic influx as part of the acute 
inflammatory response. Then sequestration mechanisms 
slow bacterial spread, containing infection by omental, vis- 
eral, and parietal compartmentalization, within the confines 
of the peritoneal cavity. | 
. The role of fibrin in the latter two mechanisms has been 
.extensively studied. Dunn &nd Simmons," Ahrenholz and 
. Simmons,” and Rotstein et al,” in a series of related experi- 
: ments using bovine fibrin clots containing different strains of 
` bacteria, demonstrated that fibrin deposits have a nonspecific 
- protective function in acute peritonitis by trapping bacteria 
. and preventing death from bacteremic shock. This bacterial 
_ trapping reduces acute mortality but leads to intraperitoneal 
abscess formation. Late mortality from these abscesses due 
to intraperitoneal sepsis virtually equals the early mertality 
of peritonitis. Mortality correlates directly with fibrin clot 
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size; the larger the fibrin clot and bacterial content are, the 
greater is the likelihood of late death from intraperitoneal 
abscess. Furthermore, fibrin has been shown to impair in 
vitro phagocytosis of bacteria by neutrophils, and antibiotic 
penetration of fibrin clot does not reach bactericidal values.” 
Thus, fibrin seems to delay death by the initial containment of 
bacteria but predisposes to late mortality from phagocytosis 
inhibition and abscess-induced septic death. These studies 
provide the experimental rationale for the intraoperative 
débridement of bacteria-laden, fibrinous exudates to de- 
crease the incidence of intraperitoneal abscess formation in 
peritcnitis. 

Although aerosolized fibrin solutions have gained accep- 
tance in intra-abdominal procedures, including trauma, their 


safety in contaminated surgery is unclear. Our purpose was to 


study the effect of aerosolized fibrin on the pathogenesis of 
peritonitis and abscess formation in an established rat mod- 
el.” We found that aerosolized human cryoprecipitate—der- 
ived fibrin combined with thrombin and calcium decreased 
mortaity at a critical concentration of bacteria. When the 
inoculum contained 2 x 10° organisms, death due to peritonitis 
was reduced after treatment with fibrin glue. In all survivors 
in the fibrin-treated group, intraperitoneal abscesses devel- 
oped, out these were single, well circumscribed, and nonle- 
thal. This beneficial effect, however, could not be maintained 
with larger inocula. 

The experiment involving free feces was designed to model 
intestinal perforation, especially during exploratory laparot- 
omy fcr trauma, in which fecal soilage is not localized to a 
specific area in the abdomen. The formation of abscesses in 
the survivors in the fibrin glue-treated group supports the 
previous concept of Ahrenholz and Simmons" that bacterial 
trapping prevents expedient clearance via the diaphragmatic 
lymphatics. It is likely that the mechanism depends on the 
bacterial trapping properties of fibrin and the inhibition of 
neutrophilic phagocytosis described by Rotstein et al. Both 
of these phagocyte-microbe interactions may be pertinent to 
our study. Peritonitis inhibits fibrinolysis within the perito- 
neal cavity.” For larger inocula, overwhelming peritonitis 
may eliminate peritoneal fibrinolysis to such an extent that, 
despite bacterial trapping by aerosolized fibrin, bacterial 
overgrowth eventually leads to bacteremic death. 

We interpret this model’s clinical applicability with caution. 
Human eryoprecipitate-derived fibrinogen is heterologous 
for rats and may contain unknown factors that affect the rat 
peritoneal defense mechanisms. If the local recruitment of 
neutrophils is changed by these factors, the mortality would 
be spurious. In addition, aerosolized fibrin is typically applied 
locally either to seal off an anastomosis or to augment hemo- 
stasis during hepatic and splenic salvage procedures. In the 
clinical situation, distant bacteria would not be sequestered 
by the application of aerosolized fibrin and therefore may 
escape trapping. 

As previously described by Nichols et al," several factors, 
including age, left-sided colon injury, shoek, blood products 
administered at surgery, and number of organs injured, are 
correlated directly with the development of postoperative 
infection. " Our study reaffirms the thesis that if the postoper- 
ative infection risk is high as determined by these factors, 
bacteria may be trapped, and the dynamics of bacterial clear- 
ance, neutrophil attraction, and phagocytosis may be retard- 
ed to allow abscess formation. Aerosolized fibrin appears not 
to affect the clean contaminated abdomen adversely (low 
inoculura). With moderate levels of bacterial contamination, 
fibrin solutions, in fact, appear to decrease mortality due to 


sepsis, albeit at the expense of late abscess formation. This 


unanticipated therapeutic effect of fibrin glue in moderate 
feeal peritonitis must, however, be tempered by consider- 
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Discussion 


"RONALD LEE NICHOLS, New Orleans, La: The authors used a 
commonly utilized experimental model of intra-abdominal sepsis to 
test the effect produced by adding fibrin glue to the varying inocula of 
human stool. The authors have concluded that the presence of fibrin 
glue modifies the peritoneal host defenses largely dependent on the 
amount of fecal inoculum. Does the volume of fibrin introduced into 
the peritoneal cavity change the results? Why were two different 
inocula of human stool utilized in the encapsulated and free inocula 
experiments? What was the significance of the stated critical bacteri- 
al inoculum (2 x 10° CF Us/mL)* 

DAVID L. DUNN, Minneapolis, Minn: Was the clinical applicability 
of this study to see the effects produced when fibrin is used to stop 
bleeding? © 
"o ORI ReTSTEIN, Toronto, Ontario: Was the effect seen with the 

aerosolized fibrin due to the polymerization of fibrin or some other 


"effect of fbrin or fibrinogen degradation products? 
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DR DUBROW: The answers to all of the questions have nct been 
completely worked out. However, in the situation with majer fecal 
contamination, we believe the fibrin glue may result in a decrease of 
early mortality but would predispose to residual abscess formation. 
Therefore, its use in these cases would not be recommended, Therole > 
of the volume of fibrin is unclear from our study, owing to thefact that. — 
we utilized a standard volume of 2 mL. Future studies are plaanedto | | 
test this variable. 

The quantitative nature of the two different stool inocula was due- 
toa different human donor in the two sets of experiments. Thecritical 
concentration refers to the point on the sigmoid-shaped biologic dose- .- 
response eurve at which mortality and abscess formation begin toc: 
occur, We believe this curve shifts to the right when fibrin is added, = 
lowering the acute mortality but inereasing abseess formation. We - 
are unsure of the role of alternate mechanisms in the effects produced ^ 
by the aerosolized fibrin. E 
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_ Lipid-Free Total Parenteral Nutrition 
and Macrophage Function in Rats 


Robert H. Bower, MD;Josef E. Fischer, MD 


>. * Certain lipids are immunosuppressive when used for nutri- 
tional support, while other lipids and nutritional additives may 
. enhance immunologic function. We hypothesized that total par- 
enterai nutrition (TPN) may be immunosuppressive irrespective 
of lipids. Twenty-four rats underwent central vein catheterization 
|. and received either intravenous saline solution and orai chowor 
||. TPNalone. At 7 or 14 days, the animals were killed. Spienic and 
bone marrow macrophages were isolated and cultured in either 
M199 medium alone or were stimulated with Escherichía coli 
lipcpoiysaccharide. The supernatants were tested for prosta- 
~- > glandin E, and C3. The splenic prostaglandin E, levels were 
Significantly higher in the TPN group following lipopolvsaccha- 
|. fice stimulation at 7 days but not at 14 days. Administration of 
TPN to rats, even without lipids, may be immunosuporessive 
v through the release of prostagiandin E, from splenic macro- 
_ phages following a septic challenge. This effect appeers to be 
.. abolished after 14 days of TPN infusion. 
tArch Surg. 1991;126:84-88) 
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_ Michael S. Nussbaum, MD; Shujun Li, MD; Cora K. Ogle, PhD; Fa-Sh 


eng Zhang, MD; Oded Zamir, MD: 


What is not clear at present is whether perioperative TPN in 
the moderately malnourished individual can be administered 
safely and will diminish the operative complications other- 
wise encountered. In addition, any risks associated with oper- 
ative delay in such patients must be outweighed by the bene- 
fits obtained. 

The multicenter Veterans Affairs cooperative trial ad- 
dresses the issue of efficacy in this patient population in a 
prospective manner.‘ Preliminary results demonstrate that 
preoperative TPN significantly reduced major noninfectious 
complications in moderately to severely malnourished pa- 
tients undergoing major abdominal or noncardiac thoracic 
procedures. However, there is also a higher overall noncath- 
eter-related infection rate in these patients. Furthermore, in 
the moderately malnourished group, this negates any benefit 
derived from the decrease in noninfectious complications, and 
no overall benefit is observed in this group.° 

It is known that overall diet and dietary components affect 
the immune system. Both nutrient deficiencies and excesses 
can affeet immune responsiveness.” Current parenteral nu- 
trition regimens include a combination of hypertonie dex- 
trose, amino acids, and varying amounts of lipid. The immu- 
nologie consequences of enteral and parenteral lipid 
administration have been extensively studied. It has been 
suggested that high intake of lipids may depress the immune 
response." However, to our knowledge, the immunologic 


effects of the other components of standard TPN have not 


been studied. The purpose of this study was to evaluate the 
immunologic effect of the nonlipid components of TPN on the 
macrophage function in rats. 


MATERIALS AND METHODS 
Animals and Operative Procedures 
The studies reported herein conform to the guidelines for care and 


use of laboratory animals established by the Animal Care Committee 
of the University of Cincinnati (Ohio) College of Medicine. Twenty- 
four adult male Sprague-Dawley rats (Charles River Laboratories, 
Wilmington, Del), each weighing 300 +50 g, were anesthetized with 
intraperiteneal pentobarbital sodium (50 mg/100 g) and underwent 
superior vena cava cannulation under sterile conditions according to 
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: of Popp and Brennan." The catheters were tunneled 
to exit between the scapulae and were attached to 
‘Harvard Bioscience, South Natick, Mass), allowing 
dom of movement in their individual cages. Metabolic 
s al ‘collection of all excrement for determination of nitro- 
: gen bali ‘The rats were maintained in a room that was at 21°C 
and had a :2-hour light/dark cycle. An initial 24 hours of saline 
^: solution infusion (3 mL/h) was allotted in all animals for recovery. The 
infusion was maintained by an infusion pump (Holter Rollerpump, 
Extracorporeal Medical Specialties, King of Prussia, Pa). The infu- 
sion apparatuses were sterile and were refilled daily. 















infusion Groups 


E All animals with cannulas were randomized to one of two groups. 
|. Group 1 (control, n= 12) received 0.9% saline infusion at 3 mL/h and 
rat chow (Purina 5001, Purina Mills, St Louis, Mo) ad libitum. Group 2 
animals (n= 12) received TPN and were given no food but had free 
access to drinking water. The TPN solution contained 25% dextrose, 
4. 95% amino acids (as FreAmine-III, Kendall-MeGaw, Irvine, Calif) 
with adequate amounts of choline, electrolytes, vitamins, and trace 
elements but no lipid (Table 1). Food and water intake were measured 
daily in group 1. The infusion rate in the TPN group was 1.1 mL/100 g 

of body weight per hour. 


Measurements 


Urine samples were collected daily in acidified jars and were 
subjected to pyroluminescence to determine the total nitrogen con- 
tent. Nitregen balance was determined by the input of nitrogen 
minus urinary nitrogen excretion. For the chow-fed animals (group 
1), an additional 20% was added to urinary nitrogen losses to account 
for stool losses. ^ At the end of 7 (n=6 per group) or 14 days (n6 
per group). splenie and bone marrow macrophages were isolated. 


Isolation of Rat Macrophages 


Pe Rats were anesthetized with intravenous pentobarbital sodium 
(25 mg/10€ p) and the spleens were removed and transferred individ- 
-nally to ice-cold Hanks’ balanced salt solution with ealeium or magne- 

. sium. The spleens were then minced with forceps and a scalpel and 
filtered through gauze to remove debris. The femurs were removed 
and vigorausly flushed with Hanks balanced salt solution without 
calcium or magnesium. All.cells were then washed four times in 
Hanks bufer without calcium or magnesium and suspended in M199 
medium centaining 100 g/mL of streptomycin, 100 pg/mL cf penicil- 
lin, and 5% heat-inactivated fetal ealf serum. The culture medium and 
fetal calf serum were shown to be lipopolysaecharide (LPS) free by 
chromogenic assay (Toxicolor test, Seikaga Ku Kogyo, Tokyo, Ja- 
pan). The number of macrophages in each cell suspension was esti- 
mated by differential cell counts (Wright's stain) and the celi suspen- 
sion was adjusted to a concentration of 2.5 x 10° macrophages per 
milliliter. The cells were then added to tissue culture plates at 











ithdrawal of the nonadherent cells as described above, the 
adherent macrophages in the wells were covered over with 1 mL of 
the M199 medium just described. For stimulated cultures, Escheri- 
chia coli LPS (Sigma, St Louis, Mo), 5 pg/mL final concentration, 
was added to the culture medium. The macrophages were cultured 
for 24 hours in a humidified atmosphere of 5% carbon dioxide/95% air. 
The supernatants were then removed and assayed for the prostaglan- 
din E, (PGE,) and C3 levels. All samples were frozen at — 70°C until 
assay. —— 





Assay for PGE, and C3 


- "The ecneentration of PGE, was determined by enzyme-linked im- 
munosorbent assay (Cayumen Chemieal Co, Ann Arbor, Mich). The 
'oncentration of C3 was also Getermined by enzyme-linked immuno- 
sorbent assay following the methods of Ogle et al." 
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Table 1.—Formulation of Total Parenteral Nutrition 
Solution per 1000 mL 






Dextrose 


Balanced amino acids 

Choline chloride ig 
Electrolytes 25 mL 
Multivitamin 10 mL 
Trace elements 3 mL 









*The manufacturer of the balanced amino acids (FreAmine-lil) and the. 
electrolytes (Hyper Lyte) is Kendall-McGaw, Irvine, Calif;:of multivitamin (MVI- 
12), Rorer Pharmaceuticals, Fort Washington, Pa; and of the trace elements 
(MTE-5), Lyphomed, Inc, Rosemont, iti. 


Statistics 


Data are expressed as mean + SEM and were analyzed by repeated d 
measurement analysis of variance. "x 


RESULTS 


All animals maintained their weight and remained in posi- 
tive nitrogen balance. The chow-fed rats had significantly . 
greater weight gain despite an equivalent amount of energy — 
intake. However, there was no difference in nitrogen balance 
between groups (Fig 1). 


Bone Marrow Macrophage Studies 


In the l-week experiment, the bone marrow macro- 
phage PGE, production rate in the control animale was — 
0.25 +0.10 ng/2.5 x 10° cells per 24 hours when cultured in 
M199 medium and 4.06 + 1.13 ng when stimulated with LPS. — 
The TPN group animals had levels of 0. 13+0.03 ng and 
3.71 +0.86 ng in the M199- and LPS-containing media, re- | 
spectively. The differences between either group with or 
without LPS stimulation were not statistieally significant 
(Table 2). 


Splenic Macrophage Studies 


In the 1-week experiment, the splenie macrophage C3 pro- 
duction rate in the control animals was 14.74+ 3.89 
ng/2.5.x 10° cells per 24 hours (mean + SEM) when eultured in 
M199 and 27.59+4.97 ng when stimulated with LPS. The 
TPN group animals had levels of 12.05 + 2.94 ng (M199) and 
21.04 + 2.77 ng (LPS). The differences between either group... 
with or without LPS stimulation were not statistically signifi =- 
cant (Table 2). In contrast, the splenic macrophage PGE, 
production rate in the control animals after 1 week was- 
2.01 +1.54 ng/2.5 x 10° cells per 24 hours when cultured in 
M199 and 7.54 + 1.26 ng when stimulated with LPS. The TPN ~ 
group animals had levels of 6.87 + 4.84 ng and 32.84 + 10,68ng —— 
in the M199- and LPS-containing media, respectively. After 1: 
week of TPN, the splenic PGE, level was significantly higher. 
than that for control animals (P<.05) wher: stimulated wit 
LPS (Fig 2). e 

After 2 weeks, the splenic macrophage PGE, level in th 
control animals was 0.88 + 0.19 ng/2.5 x 10° cells per 24 hours 
(M199) and 4.32 + 0.89 ng (LPS). The TPN group animals had- 
levels of 1.20+0.18 ng and 5.18+0.94 ng in the M199- and. 
LPS-containing media, respectively. The differences . jë- 
tween either group with or without LPS stimulation afte 
weeks of infusion were not statistically significant (Fig 2). 


COMMENT 


Perioperative parenteral nutrition can maintain or improve 
nutritional status in many patients. Although most cEnieians 
believe that malnutrition places the patient who has under- 
gone surgery at increased risk, recent studies have attempt- 
ed to evaluate objectively the relationship between nutrition- 
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Fig 1.— Energy intake, weight gain, and nitrogen balance in chow-fed 
controls and animals given total parenteral nutrition (TPN). Values are 
expressed as mean + SEM (P<.05 by analysis of variance). 





Table 2. — Bone Marrow Macrophage Prostaglandin E, 
ge C3 Production* 


(PGE;) Production and Splenic Macrophe 
Culture Medium 


Escherichia coli 
M199 LPS, 5 mg/L 


PGE,, ng/2.5 x 10* cells per 24 h 
Control 


| 
0.25 - 0.10 
0.13 +0.03 


4.06 -- 1.13 
3.71 +0.86 


C3, ng/2.5 x 10* cells per 24 h 


Contro: 14.74 3.89 


12.05 +2.94 


“Values are expressed as mean -- SEM. There was no significan: difference 
between groups by analysis of variance. TPN indicates total parenteral nutrition; 
LPS, lipepolysaccharide. | 


al status and hospital course. Regarding immunologic 
function, there is a strong association between nutritional 
depletion and weakening of various measurable immune re- 
sponses. "^ Severely malnourished patients have impaired 
cell-mediated immunity.” There is significant correlation be- 
tween nitrogen balance and skin-test conversion, with aner- 
gic patients faring worse than patients who are reactive to one 
or more skin tests." ^ Reversal of negative nitrogen balance in 
patients with esophageal cancer is associated with improved 
immune function and complement production.” 

While it is apparent that severely malnourished patients 
fare better perioperatively when nutriti nally repleted, it is 
less clear whether the added expense and potential morbidity 
of TPN can be justified in many moderately malnourished 
patients. Specifically, the effect of protein and energy sub- 
strates on immune function in patients who have undergone 
surgery is unclear. Ina study of early TPN in acute pancreati- 
tis, Sax et al” reported a significantly higher rate of catheter- 
related sepsis than contemporaneous patients without pan- 
creatitis who received TPN. This is similar to a previous 
study of TPN in pancreatitis in another te ching institution.” 
This inereased incidence of catheter-related infectien was 
apparent in catheters in place less than 2 weeks, but it disap- 


peared thereafter. The authors of these articles speculated 
| 


27.59 +4.97 
21.04 +2.77 
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Bil Control (1 wk) 
O TPN (1 wk) 
E Control (2 wk) 
lll TPN (2 wk) 


ng/2.5X10° Cells per 24 h 





M199 LPS 
Fig 2.— Splenic macrophage prostaglandin E, (PGE,) production after 
1 and 2 weeks of treatment. TPN indicates total parenteral nutrition; 
LPS, lipopolysaccharide. Values are expressed as mean + SEM 
(P<.05 by analysis of variance). 


that this was related to an immunosuppressive effect of pan- 
ereatitis. However, recent reports have implied that paren- 
teral nutrition itself may have an immunosuppressive effect 
on patients. In the multicenter Veterans Affairs cooperative 
trial of perioperative TPN, preliminary data indicate that 
there is a higher overall noncatheter-related infection rate in 
these patients. Furthermore, in the moderately malnour- 
ished group, this negates any benefit derived from a decrease 
in noninfectious complieations and no overall benefit is ob- 
served in this group. ** 

Prostaglandins, especially PGE,, are associated with 
monocyte and macrophage functions and modulate responses 
of immune cells. Macrophages are the principal source of 
prostaglandins and are the first line of defense against foreign 
particles, playing an integral role in the initiation of the 
lymphocyte cell-mediated immunity. Prostaglandin E, is in- 
volved in various phases of growth factor production and T- 
and B-cell proliferation. Very low levels (10~” mol/L) of PGE, 
induce lymphocytes to differentiate into mature T cells while 
higher levels of PGE, (10^* mol/L) suppress the immune 
system. In chronic inflammatory conditions, increased pro- 
duction of PGE, and increased activity of suppressor T cells is 
observed. It appears that stimulation of the immune system 
induces a mechanism via PGE, for modulating the intensity 
and duration of response. Therefore, PGE, should be consid- 
ered a regulator rather than a universal suppressor of T-cell 
functions. The age and type of cell together with the concen- 
tration of PGE, markedly affect the responses of cells. Prosta- 
glandin E, can both enhance or block natural killer activation 
by interferon and it has been observed that high doses of PGE, 
can inhibit the tumoricidal activity of monocytes induced by 
interferon or LPS.°""* 

Certain nutrients affect the immunocompetence of the host 
in various ways. For example, certain essential fatty acids are 
required in minimal amounts for normal immune function, 
although excessive intake of these essential fatty acids is 
associated with impaired immune responses." Small dietary 
amounts of linoleic acid (an omega-6 essential fatty acid) are 
required for the normal propagation and maturation of cell- 
mediated immune response. However, provision of large 
amounts of linoleic acid can lead to increased synthesis of 
PGE, by the macrophage. In contrast, certain lipids of the 
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| alteration 


ar to be immunostimulatory.”’ Other nu- 
h as glutamine, arginine, and purines 


,. appear to improve immune function when administered par- 


dor enterally.°""” 


ntriguec by the reports of inereased infection rates in 
patients treated with TPN (using varying amounts of lipid 
emulsion fram none to daily), we proceeded with the current 
study. Our aim was to evaluate specific immunologic effects of 
amino acids and dextrose administered parenterally to rats. 
Specifically, we examined PGE, production in resporse to 
LPS as a specific index of immune status in two populations of 
macrophages (bone marrow and spleen). Administration of 
TPN had no significant effect on bone marrow macrophage 
production of PGE,. However, splenic macrophage PGE, was 
significantly elevated when cultured in media stimulated with 
LPS. This effect appeared to be specific, since there was no 


_. effect on complement (C3) production in these cells. Also, this 


effect may be transient; itdisappeared after 2 weeks of TPN 
since splenic macrophages from animals given 2 weeks o? TPN 
did not respond to LPS stimulation with inereased PGE, 
production. This is reminiscent of the experience in patients 
with pancreatitis receiving TPN since the increased incidence 
of infection is apparent in those treated for less than 14 days. 
Therefore, we conclude from these very preliminary studies 
that administration of lipid-free TPN to rats for 1 week may 
have immunosuppressive effects via an elevation in splenic 
macrophage production of PGE, in response to a septic 
challenge. 

The mechanism of this effect is unclear at present. In 
previous work from this laboratory, we have investigated the 
problem of TPN-induced hepatic steatosis in rats.” Infusion 
of lipid-free TPN in a hypertonic dextrose base, as was pro- 
vided to animals in the present study, leads to an elevated 
portal venous insulin-to-glucagon molar ratio and hepatie 
steatosis i» rats." In addition, Hall et al" demonstrated an 

in peripheral tissue plasma triglyceride lipolysis 


during TPN with and without added lipids. These abnormali- 
ties in hepatic and plasma triglyceride uptake and breakdewn 
may lead to a variety of immunosuppressive effects via the 
produczion of prostaglandins, primarily PGE,.”** It is also 
possible that intravenous amino acids and hypertonic cdex- 
trose may act directly on the macrophages or may work 
through secondary mediators to produce the reported re- 
sults. Total parenteral nutrition and bowel rest is associated. 
with decreased secretion of intestinal IgA” and increased 
translocation of bacteria across the mucosal barrier" in ex- . 
perimental models. In addition, bow ] rest and TPN Ea 
recently been shown to produce alterations imhost resistance - 
to injury with an enhanced counterregulatory hormone and . 
splanchnic cytokine response to LPS in humans." Enteral 
nutrition may not only preserve intestinal mucosal integrity 
but it also appears to modulate splanchnic reticuloendothelial. 
cell function in the process.” Therefore, the specific effect on 
the splenie macrophages in our model may be related to this 
local alteration in the splanchnic milieu secondary to a loss in 
intestinal mucosal integrity and exposure to translocated 
bacteria and endotoxin. The differences noted between 7 and 
14 days may be related to a developed tolerance to long-term 
LPS exposure in the latter group. 

The clinical implication of these data is substantial. There is 
increased evidence that provision of nutritional support in the 
form of parenteral nutrition is not a totally benign therapy. In 
certain borderline situations, TPN may not be advantageous 
and may be counterproductive. Further data are necessary to 
examine the question of immunosuppression of TPN ard to 
make concrete conclusions regarding the mechanism of this 
phenomenon and its clinical significance. 
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Discussion 


ROGER W. YURT, MD, New York, NY: I agree with the authors’ 
findings and their interpretation of the data presented. However, 
why do the chow-fed rats gain more weight than the parenterally fed 
rats? Might this account for the differences noted between groups? 
With regard to the mechanism of the observed immunomodulation, 
could a gut barrier defect occur and allow exposure to endotoxin or 
. gram-negative bacteria? 
STEPHEN F. Lowey, MD, New York, NY: Patients receiving 
.. parenteral nutrition have an exaggerated response to injury and an 
. associated enhanced production of cytokines when exposed to a stim- 
ulus such as LPS. 
HEBERT FREUND, MD, Israel: There isa difference between the 
1- and 2-week groups. Does the essential fatty acid deficieney present 


in the 2-week group explain theobserved reduction in PGE, levels? 

DR NUSSBAUM: The laboratory was not able to document bacterial 
translocation in this nonstressed animal model. Lipid-free TPN feed- 
ing has led to gut atrophy in other studies but neither endotoxin nor 
bacterial translocation was ableto be documented. The animals were 
pair-fed on isonitrogenous diets and the weight gain differences 
appear to be related to better substrate utilization by enterally fed 
animals. The reason for a difference in PGE, production after 1 and 2 
weeks is not clear. Possible considerations include development of 
tolerance to LPS by some mechanism such as translocation or essen- 
tial fatty acid deficiency. However, essential fatty acid deficiency 
should occur as early as 4 days into the study and, therefore, all rats 
wouid be deficient at least to some extent. 
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Fast and Effective Treatment of Malignant Hypercalcemia: Combination ef Suppositories 
of Calcitonin and a Single Infusior of 3-Amino 1-Hydroxypropylidene-1-bisphosphonate 


1990;159:2125-2128). 
Reprints not available. 








D. Thiébaud, MD; A. F. Jaequet; P. Burekhardt, MD 


Seventeen patients with malignant hypercalcemia were treated with a combination of a single dose of 3- 
amino L-hydroxypropylidene-1-bisphosphonate (APD [also known as AHPrBP or palmidronate disodium]) 
and salmon ealcitonin given as suppositories for 3 days. To assess whether such a eombined short treatment 
has à significant benefit leading to earlier normalization of the plasma calcium level than does APD alone, 
17 additional patients matched for the type of tumor, initial plasma clacium level, urinary hydroxyproline 
level. arid the dose of APD served as controls. All patients receiving the combination of calcitonin and APD 
achieved normalization of the plasma caleium level within 9 days, with a decrease from 3.22 +0.90 mmol/L 
(mean = SEM) to 2,29 +0,03 mmol/L. In the group receiving APD alone, the plasma calcium level normalized 
in only 14 of 17 patients by day 9. In the group receiving calcitonin and APD, the drop in the plasma calcium 
level oecurred more rapidly, and the plasma calcium values were lower from days 2 to 4. This advantage was 
explained by the calciurie effect of calcitonin, as reflected by a significant decrease in the notional setting of 
renal reabsorption of calcium, reaching 2:16 + 0.06 mmol/L compared with 2.34 + 0.06 mmol/L in the group 
receiving APD alone. There were no side effects of both 
indueed by the suppositories of calcitonin. Clinical improvement occurred after 2 days in the group receiving 
the combined treatment. In conclusion, the combined treatment is rapidly effective and safe in the treatment 

| Of patients with hypercalcemia, particularly when the notienal setting of renal tubular reabsorption of 
. calcium is increased and a rapid correction of the plasma calcium level is needed (Arch. Intern Med. 


treatments, in particular neither flushin g nor nausea 
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AZACTAM* FOR INJECTION 
Aztreonam For Injection 


DESCRIPTION—AZACTAM (aztreonam, Squibb) is the lirst member of a new class 
of antibiotics classified as mcnobactams. AZACTAM is a totally synthetic bacteri- 
cidal antibiotic with activity against a wide spectrum: of gram-negative aerobic 
pathogens. The monobactems, having a unique monocyclic beta-lactam nucleus, 
are structurally different trom other beta-lactam antibiotics. 

AZACTAM For injection is a sterile, nonpyrcgerec, sodium-free, white to 
yellowish-white lyophilizec cake. containing approximately 780 mg arginine per 
gram of aztreonam for intramuscular or intravenous use following constitution. 
Aqueous solutions of the product have a pH in the range of 4.5-7.5, 


INDICATIONS AND USAGE —Before initiati ng treatment with AZACTAM, appropri- 
ate specimens should be obtained'for isolation ofthe causative organismis) and 
for determination of Susceptibility to aztreonam. Treatment with AZACTAM may be 
Startec empirically before results of the Susceptibility testing are available; sub- 
sequently, appropriate antidictic therapy should be continued. 

AZACTAM For injection is indicated for the treatment of the following infections 
caused by susceptible gram-negative microorganisms: Urinary Tract Infections 
(complicated and uncomplicated}, including pyelonephritis and cystitis {initial 
and recurrent) caused by Escherichia coli. Klebsiella pneumoniae, Proteus mirabilis, 
Pseudomonas aeruginosa, Enterobacter cloacae. Klebsiella oxytoca*, Citrobacter 
Species" and Serratia marcescens". Lower Respiratory Tract Infections, includ- 
ing pneumonia and bronchitiscaused by Escherichia celi, Klebsiella pneumoniae, 
Pseudomonas aeruginosa, Haemophilus influenzae. Proteus mirabilis, Enterobacter 
species and Serratia marcescens*. Septicemia caused by Escherichia coli, 
Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus mirabilis*, Serratia 
marcescens" and Enterobacter species. Skin and Skin-Structure infections, 
including those associated with postoperative wounds, ulcers and burns caused 

by Escherichia coli, Proteus mirabilis, Serratia marcescens, Enterobacter spacies, 
Pseudomonas aeruginosa. Mebsiella pneumoniae, and Citrobacter species’. Intra- 
abdominal Infections, including peritonitis caused by Escherichia coli, Klebsiella 
Species, including K. pneumoniae, Enterobacter species including E. cloacae’, 
Pseudomonas aeruginosa. Citrobacter species" inciudirg C. freundii* and Serratia 
species" including S. marcescens*. Gynecologic Infections, including encome- 
tritis and pelvic cellulitis caused by Escherichia coli, Klebsiella pneumoniae", 
Enterobacter species* inciuding E. cloacae", and Proteus mirabilis*. 

AZACTAM is indicated for acjunctive therapy to surgery in the management of 
infections caused by suscentibie organisms, including abscesses, infections.com- 
plicating hollow viscus perforations, cutaneous infections and infections of se- 
rous surfaces. AZACTAM is effective against most ef the commonly encountered 
gram-negative aerobic pathogens seen in general surgery. 

Concurrent Therapy—Concurrent initíal therapy with other antimicrobial agents 
and AZACTAM is recommended before the causctive organism(si is known in 
seriously ill patients who are aiso at risk of having an infection due to gram- 
positive aerobic pathogens. If anaerobic organisms are.also suspected, therapy 
should be initiated using as antiaraerobic agent concurrently with AZACTAM. 
5 Certain antibiotics (e.g., ceioxitin, imipenem) may induce high levels of beta- 
_ lactamase in vitro in some gram-negative aerobes such es Enterobacter and Pseu- 
fet domonas species, resulting in antagonism to many beta-lactam antibiotics 
including aztreonam. These in vitro findings suggest that such beta-lactamase 
inducing antibiotics not be used concurrently with aztreonam. Following identiti- 
cation and susceptibility testing, appropriate antibiotic therapy should be 
continued. 
CONTRAINDICATION--Azireonam is contraindicated in patients with known al- 
lergy to this antibiotic. 


.. WARNINGS—Carefu! inquiry should be made for a history of hypersensitivity re- 
 . action tc any antibiotic or otherdrugs. Antibiotics should be given with caution to 
any patent who has nad some form of allergy, particularly to drugs. It is 
. recommended that patients who have had immediate hepersensitivity reactions 
_(@.g., anaphylactic or urticarial) to penicillins and/er cephalosporins should be 
followed with special care. 1* an allergic reaction te aztreonam occurs, discon- 
tinue the drug and institute supportive treatment as appropriate (2.9., mainte- 
nance of ventilation, pressor amines, antihistaminas, Corticosteroids). Serious 
hypersensitivity reactions may require epinephrine and other emergency 
measures. 

. PRECAUTIONS —Generai: in patients with impaired hepatic or renal function, ap- 
propriate monitoring is recommended during therapy. if an aminoglycoside is 
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. "Efficacy for this organism in this organ system was studied in fewer than ten 
. infections. 


used concurrently with aztreonam, especially if high dosages of the former are 
used or if therapy is prolonged, renal function Should be monitored because of 
the potential nephrotoxicity and ototoxicity of aminoglycoside antibiotics. The 
use of antibiotics may promote the overgrowth of nonsusceptible organisms, in- 
Cludine gram-positive organisms and fungi. Should superinfection occur during 
therapy, appropriate measures should be taken. 


Carcinogenesis, Mutagenesis, impairment of Fertility —Carcinogenicity studies 
in animals have not been performed. Genetic toxicology studies performed in vivo 
and n vitro with aztreonam in several standard laboratory models revealed no 
evidence of mutagenic potentíal atthe chromosomal or gene level. Two-generation 
reprocuction studies in rats at daily doses up to 20 times the maximum 
recommended human dose, prior to and during gestation and lactation, revealed 
no evidence of impaired fertility. There was a Slightly reduced survival rate during 
the lactation period in the Offspring of rats that received the highest dosage, but 
not in Gfispring of rats that received five times the maximum recommended hu- 
man dese. 


Pregnancy--Pregnancy Category B: Aztreonam crosses the placenta and enters 
the fetai circulation. Studies in pregnant rats and rabbits, with daily doses up to 15 
and © times, respectively, the maximum recommended human dose, revealed no 


evidence of embryo- or fetotoxicity or teratogenicity. No drug induced changes 


were seen in any of the maternal, fetal or neonatal parameters thai were monitored 
in rats receiving 15 times the maximum recommended human dose of aztreonam 
during fate gestation and lactation. There are no adequate and well-controlled 
Studies : pregnant women. Because animal reproduction studies are not always 
predictive of human response, aztreonam should be used during pregnancy only 
if clearly needed. 


Nursing Mothers—Aztreonam is excreted in breast milk in concentrations that 
are lessithan 1% of concentrations determined in simultaneously obtained mater- 
nal serum; consideration should be given to temporary discontinuation of nursing 
and use of formula feedings. 


Pediatric Use —Safety and effectiveness have not been established in infantsand 4% 


childrer:. 


ADVERSE REACTIONS —Local reactions such as phiebitis/thrombophiebitis fol- 
lowing 17 administration, and discomfort/swelling at the injection site following IM 
administration occurred at rates of approximately 1.9% and 2.4%, respectively. Sys- 
temic reactions (considered to be related to therapy or of uncertain etiology) oc- 
curring at an incidence of 1 to 1.3% include diarrhea, nausea and/or vomiting, and 
rash. Reactions occurring at an incidence of less than 1% are listed within each 
body system in order of decreasing severity: Hypersensitivity-anaphylaxis. 
Hematoiogic--pancytopenia, neutropenia, thrombocytopenia, anemia, leukocyto- 
sis, theombocytosis. Gastrointestinal- abdominal cramps; rare cases of C. difficile- 
associated diarrhea, including pseudomembranous colitis, or gastrointestinal 
bleeding have been reported. Dermatologic--purpura, erythema multiforme, urti- 
caria, extoliative dermatitis, petechiae, pruritus, diaphoresis. Cardiovascular—hypo- 
tension, transient ECG changes (ventricular bigeminy and PVC). Respiratory—one 
patient experienced flushing, chest pain, and dyspnea. Hepatobiliary~hepatitis, 
jaundice. Nervous System--seizure, confusion, vertigo, paresthesia, insomnia, diz- 
ziness. Musculoskeletal-muscular aches. Special Senses—tinnitus, diplopia, 
mouth uicer, altered taste, numb tongue, sneezing and nasal congestion, halito- 
sis. Ofher—vaginal candidiasis, vaginitis, breast tenderness. Body as a Whole— | 
weakness, headache, fever, malaise. 


AdverseiLaboratory Changes—Those reported without regard to drug relation- — 
ship curing clinical trials were: Hepatic—elevations of AST (SGOT), ALT (SGPT), 
and alxatine phosphatase; signs or symptoms of hepatobiliary dysfunction oc- 
currec in less than 1% of recipients (see above). Hemíc--increases in prothrom- 
bin ard partial thromboplastin times, eosinophilia, positive Coombs test. 
Renaí--increases in serum creatinine. 


OVERDCSAGE —If necessary, aztreonam may be cleared from the serum by 
hemociaiysis and/or peritoneal dialysis. 


DOSAGE AND ADMINISTRATION —Dosage adjustments are recommended for 
patients with impaired renal function. In elderly patients, estimates of creatinine 
clearance should be obtained and appropriate dosage modifications made if 
necessary. 
HOW SUPPLIED—AZACTAM For injection (Aztreonam For Injection}—Lyophitized— 
is supplied in single-dose 15 mL vials containing 500 mg, or 1 g/vial; in single- 
dose 30 mL vials containing 2 g/vial; and in single-dose 100 mL intravenous 
infusion bottles containing 500 mg or 1 g or 2 g/bottle, 
Consuit package insert before prescribing AZACTAM (aztreonam). 
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Today's hematinic 
helps restore. 
patients to their 
true colors 
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Anemia is a growing problem — The complete hematinic, complete 
beyond hematologic parameters with intrinsic factor 
! The Elderly TRINSICON's unique formulation provides 
r3 Risk for anemia increases with the necessary nutrients for successful 
chronic disease, concomitant medication, erythropoiesis 
G.I. surgery ™ [3 Vitamin B,» with Intrinsic Factor 
Surgical Patients Iron O Folic acid | Other B-complex vitamins 
' Use of autologous transfusions* may increase g Vitamin C, which activates folic acid and 
anemie increases iron absorption 
Limited Heme Iron Consumption Effective in the treatment of 
g May predispose patients to iron deficiency nutritionally responsive anemias 
anemie,5 and strict vegetarianism may help Iron deficiency O Vitamin B, deficiency 
induce vitamin B,» deficiency’ 7 Folate deficiency ind o Se, ee 
(The specific cause[s] of the anemia should always Di 
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Brief Summary | 
TRINSICON® 


Hematinic Concentrate with Intrinsic Factor 
A Highly Potent Oral Antianemia Preparation 


INDICATIONS AND USAGE: TRINSICON® is a multi- 
factor preparation effective in the treatment of 
anemias tnat respond to oral hematinics, including 
pernicious anemia and other lage a anemias 
and also iron-deficiency anemia. Therapeutic quan- 
tities of hematopoietic factors that are known to be 
important are present in the recommended daily 
dose. CONTRAINDICATIONS: Hemochromatosis 
and hemosiderosis are contraindications to iron 
therapy. PRECAUTIONS: General: Anemia is a man- 
ifestation that requires appropriate investigation to 
determine its cause or causes. Folic acid alone is 
unwarranted in the treatment of ora vitamin B; 
deficiency states, such as pernicious anemia. Folic 
acid may obscure pernicious anemia in that the blood 
picture may revert to normal while neurolological 
manifestations remain progressive. As with all prepa- 
rations containing intrinsic factor, resistance may 
develop in some cases of pernicious anemia to the 
potentiation of absorption of physiologic doses of 
vitamin Bz. If resistance occurs, parenteral therapy 
Or Oral therapy with so-called massive doses of vita- 
min B; may be necessary for adequate treatment of 
the patient. No single regimen fits all cases, and the 
Status of the patient observed in follow-up is the final 
criterion for adequacy of therapy. Periodic clinical 
and laboratory studies are considered essential and 
are recommended. Pregnancy: Pregnancy Category 
C: Animal reproduction studies have not been con- 
ducted with TRINSICON® It is also not known 
whether TRINSICON can cause fetal harm when ad- 
ministered to a pregnant woman or oh affect repro- 
duction capacity. TRINSICON should be given to a 
pregnant woman only if clearly needed. Nursing 
Mothers: It is not known whether this drug is 
excreted in human milk. Because many drugs are 
excreted in human milk, caution should besexercised 
when TRINSICON is administered to a nursing 
woman. Pediatric Use: Safety and effectiveness in 
children below the age of 10 have not been estab- 
lished. ADVERSE REACTIONS: Rarely, iron in thera- 
peutic doses produces gastrointestinal reactions, 
such as diarrhea or constipation. Reducing the dose 
and administering it with meals will minimize these 
effects in the iron-sensitive patient. In 
instances, skin rash suggesting allergy has been 
noted following the oral administration of liver- 
stomach material. Allergic sensitization nas been 
reported following both oral and parenteral adminis- 
tration of felic acid. OVERDOSAGE: Symptoms: 
Those of iron intoxication, which may include pallor 
and cyanosis, vomiting, hematemesis, diarrhea, 
melena, shock, drowsiness, and coma. Treatment: 
For specific therapy, exchange transfusion and 
chelating agents. For general manag i 
and rectal lavage with sodium bicarbe 











electrolytes, and use of oxygen. DOSAGE AND 
ADMINISTRATION: One capsule twice a cay. (Two 
Capsules daily produce a standard response in the 
average uncomplicated case of pernici | 
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It seems just about 
every day there’s a new 
cancer warning. No won- 
der people are getting a 
little crazy. But there is a 
simple way to take con- 
trol of the situation. And 
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Call the American 
Cancer Society’s toll-free 
information line. Our 
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prevention or detection. 
No one has more com- 
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We'll give you the 
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ertain microorganisms thought to be transmitted pri- 
marily by blood and body fluids are increasing in preva- 
lence in the general population.’ As a result, health care 
workers (ECWs) in many settings may be at increased risk of 
-y -infection by these pathogens, especially human immunodefi- 
^. gency virus (HIV) and hepatitis B virus (HBV).* At least six 
~~ Jengitudinal studies of HCWs sustaining adverse exposure 
ick or mucous membrane exposure) to blood or 













body HIV-infected patients have been published.” 
Cumu y; less than 0.4% of exposed HCWs serocon- 
verted d on enzyme-linked immunosorbent assay 
HIV antibody testing, and all seroconversions followed need- 


lestick injuries. Although these prospective studies demon- 
strated no seroconversion in HCWs with mucous membrane 
exposure, there have been five anecdotal eases” of docu- 
mented HÍV seroconversion following such exposure. Two 
occurred ia nonmedical personnel who had extensive contact 
with HIV-mnfected blood,*” and three occurred in HCWs with 
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- Universal Precautions Are 
Not Universally Followed 





skin lesions who had direct contact with infected blood.” De- 
spite these apparent low infection rates, the ineurability and 
universal mortality of the acquired immunodeficiency syn- 
drome caused by HIV’ raises concern over even a single — 
preventable infection. Unlike HIV, studies. of occupational 
transmission of HBV following percutanecus‘exposure reveal — 
an infection rate as high as 30%.”"” Additionally, HBV trans- - 
mission following contamination of mucosal surfaces with — 
infected blood is known to occur." Although not as lethal as. 
the acquired immunodeficiency syndrome, approximately — 
200 HCWs die each year of occupationally acquired HBV.^* 
These data, along with the fact that there are almost certainly 
several other significant, although less easily detectable, 
blood and body fluid-borne infectious organisms’ graphically 
emphasize the need for effective infection control among 
HCWs. 

In 1987, the Centers for Disease Contro! established guide- 
lines known as universal blood and body fluid precautions," or- 
simply universal precautions (UPs), to prevent transmission ^. 
of blood-borne pathogens in hospital settings. Implementa- - | 
tion of UPs assumes every patient is a potential harbinger of 
HIV and therefore appropriate measures to avoid percuzane- 
ous ard mucous membrane exposure to blood and body fluids 
should be enacted. These precautions are listed below.” 


1. All health-care workers should routinely use appropriate barri- 
er precautions to prevent skin and mucous-membrane exposure when 
contact with blood or other body fluids of any patient is anticipated. 


Gloves should be worn for touching blood and body fluids, mucous: i 


membranes, or non-intact skin of all patients; for handling items or 
surfaces soiled with blood or body fluids, and for performing veni- 
puncture and other vascular access procedures. Gloves should be... 
changed after contact with each patient. Masks and protective. - 

eyewear or face shield should be worn during procedures that are. 
likely to generate droplets of blood or other body fluids to prevent. - 
exposure of mucous membranes of the mouth, nose, and eyes. Gowns . 
or aprons should be worn during procedures that are likely to gener- 
ate splashes of blood or other body fluids. m 

9 Hands and other skin surfaces should be washed immeciately 
and thoroughly if contaminated with blood or other body fluids. . 
Hands should be washed immediately after gloves are removed. 

3. All health-care workers should take precautions to prevent 
injuries caused by needles, scalpels, and other sharp instruments or | 
devices during procedures, when cleaning used instruments, Curing | 
disposal of used needles, and when handling sharp instruments after 
procedures, To prevent needlestick injuries, needles should mot be . 
recapped, purposely bent or broken by hand, removed from dispos- — 
able syringes, or otherwise manipulated by hand. After they are - 
used, disposable syringes and needles, scalpel blades, and other - 
sharp items should be placed in puncture-resistant containers for 
disposal; the puncture-resistant containers should be located as close | 
as practical to the use area. Large-bore reusable needles should be 
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- ‘placed in a puneture-resistant container for transport to the repro- 
`- cessing area. 

4. Although saliva has not been implicated in HIV transmission, to 
minimize the need for emergency mouth-tc-mouth resuscitation, 
mouth pieces, resuscitation bags, or other ventilation devices should 
be available for use in areas in which the nead for resuscitation is 
predictable. 

5. Health care werkers who have exudative lesions or weeping 
dermatitis should refrain from all direct patient care and from han- 
dling patient-care equipment until the condition resolves. 

6. Pregnant health-care workers are not known to be at greater 
risk of contracting HIV infection than health-care workers who are 
not pregnant; however, if HIV infection during pregnancy, the infant 
is at risk of infection resulting from perinatal transmission. Because 
of this risk, pregnant health-care workers should be especially famil- 
iar with and strictly adhere to precautions to minimize the risk of HIV 
transmission. 


Compliance with UPs would protect HCWs from all blood and 
body fluid-borne pathogens and would eliminate the need for 
routine screening of patients in high-risk groups. The adop- 
tion of UPs in the workplace to prevent occupational infection 
has now been mandated by the Occupational Safety and 
Health Administration." 

Theoretically, HCWs involved in the care of patients who 
are undergoing or have undergone surgery would be at high- 
est risk for inadvertent parenteral or mucous membrane 
exposure to patient blood and body fluids. Therefore, adher- 
ence to UPs should be a high personal and instituticnal priori- 
ty. We conducted a study to test compliance with UPs at 
Shands Hospital at the University of Florida, Gainesville. 


METHODS 


Surgical teams of an 18-unit operating room (OR), three surgica! 
ward patient care teams, and patient care personnel in a 16-bed 
surgical intensive care unit (SICU) were observed during routine 
patient care activities over a 45-day period. The supervisors of each 
group of HCWs confirmed prior to the study that their employees 
were versed in the eorrect applieation of UPs, primarily as a result of 
previous formal edueation or from information supplied at the time of 
their employment. 

In the OR, because standard garb included facial masks, glcves, 
and caps, observations were limited to the presence or absence of eye 
protection by members of the operating team during a variety of 
surgieal procedures performed by various surgical specialty services. 
Eye protection was defined as either protective goggles or standard 
corrective lenses worn by the HCW observed. Operations unlikely to 

result in splashing of blood were excluded from the study, ie, ophthal- 

. mological surgery, operations done through a mieroscope, and lapa- 

roscopic procedures. Monitoring was conducted by a senior staff 

. Surgeon during routine daytime and occasional after-hour emergent 

procedures. Personne] observed included serub nurses and techni- 

cians, staff surgeons, resident surgeons, and medical students partic- 
ipating in the surgery. 

On the surgical ward, handwashing, facial mask coverage, needle 
. recapping, and glove wearing were noted during wound dressing 

changes, blood drawing, obtaining of blood cultures, establishment of 

intravenous access, airway suctioning, and catheter/tube removal or 
insertion. The HCWs observed included the surgical ward nursing 
staff and the medical students, resident surgeons, and staff surgeons 
of two general surgery services and one plastic surgery service. 
Certain appropriately trained junior medical students on the services 
inspected were used as observers, and only clearly identified viola- 
tions of UP were considered infractions. 
In the SICU, compliance with protective measures used by SICU 
nursing staff and the medical students, residents, and staff of the 
critical care medicine service performing similar procedures was 
observed again at various hours of the day by a critical care medicine 
- fellow. Infraction criteria remained unchanged. 

For each patient care area, the percentage of procedures in which 
violations occurred, the most frequent vielation encountered, the 
most frequent procedure being performed when violation occurred, 
. and the most frequent offending HCWs encountered were deter- 
. mined. Rates of infraction for each group of HCWs were unable to be 
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Table 1.— Violation of Universal Precautions in the 





Operating Room 
Total No. of Observed Procedures 266 310 
Total No. of Observed infractions* 358 419 
Health care workers, No. (*6 of 
total 
Staff surgeon 80 (22) 49 (12)f 
Resident surgeon 125 (35) 130 (31) 
Medical student 12 (3) 27 (6) 
Scrub nurse/technician 141 (39) 213 (51)t 


Observed procedures in which at 
least one infraction occurred, No. 


(% of total observed procedures) 209 (75) 251 (81) 
Specialty procedures in which at 

laast one infraction occurred per 

total specialty observed 

procedures (95) 
General surgery 66/89 (74) 93/120 (78) 
Gynecology 18/19 (95) 17A7 (100) 
Plastic surgery 16/16 (100) 20/21 (95) 
Neurosurgery 41/47 (87) 37/49 (76) 
Orthopedic surgery 22/29 (76) 28/35 (80) 
Cardiothoracic surgery 13/32 (41) 17/26 (65) 
Otolaryngology 21/21 (100) 20/22 (91) 
Urology 12/13 (92) 19/20 (95) 


*lr the operating room, all observed infractions were absence of eye 
protection. 
TSiatistically significant difference, P 05. 


calelsted from the acquired data. The details of the study (study 1) 
were subsequently made known to the HCWs observed and their 
supervisors. Methods of improving compliance included reeducation 
of HCWs in UPs through formal lectures (ie, surgical grand rounds) 
or in-service teaching by nursing and other supervisors and by the 
infeetion control nurse. These were completed approximately 
3 months after the original study and several weeks were allowed to 
pass before the study was repeated (study 2) using the same protocol. 
All elements of the study were essentially identical except that five 
surgical ward patient eare teams (three general surgery services, one 
otolaryngology service, and one cardiothoracic surgery service) in- 
stead cf three were observed, a new group of junior medical students 
was used te observe the surgical ward, and certain unavoidable 
personnel changes occurred among the HCWs (eg, new resident 
surgeons rotated onto the surgical services), Results were similarly 
recorded and analyzed with statistical comparison among groups 
perfermed using the x" test. A P value of less than .05 was considered 
Significant. 


RESULTS 


Overall, infractions occurred in 57% of 549 observed proce- 
dures in study 1 and in 58% of 616 observed procedures in 
study 2, not significantly different. Operating room data from 
both studies are summarized in Table 1. Similar trends were 
noted. In 75% of 266 observed procedures in study 1, at least 
one member of the OR team failed to wear eye protection, 
with surgical nurse/technieians incurring 39% of infractions 
followed clesely by resident surgeons (35%). After compli- 
ance-enhancing measures were initiated, infractions oc- 
currec in 81% of 419 observed procedures, a statistically 
insignifieant difference. Surgical nurse/technicians were now 


responsible for 51% of observed infractions, a significant 


decrease in compliance. Surgery services consistently having 
OR teams with at least one noncompliant member included 
plastic surgery, gynecology, otolaryngology, and urology. 
Carcicthoracie surgery teams demonstrated the best total 
compliance in both studies, although they demonstrated an 
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- Tab e e 2. — Violation of Jniversal Precautions 
| on the Surgical Ward 


nE Study 1 Study 2 
Observed Procedures 
! Observed infractions 


. Observec infractions No. (% of total) 
Absence of eye protection 6 (7) 2 (21 


Absence of glove wearing 61 (74) 67 (82) 
Needle: capping 3 (4) 12 (15) 
Absence of facial mask coverage 5 (6) 1 (13 
Abserice of handwashing 7 (9) 0 


| Health care workers, No. (% of total) 
Staff si.tgeon 1 (1) 7 (9) 


Resident surgeon 30 (37) 53 (65)* 
Medical:student 47 (57) | 19 (25)* 
Nursing:staff 4 (5) 3 (4) 
Observed procedures in which at least one 
infractioreaccurred (% of total observed 
proceduras) 74 (30) 
Pracecure (% of total) 
Blood draw 19 (26) 14 (17) 


Blood culture 4 (5) 1 (f 

intravenous access 7 (9) 13 (16) 

Dressing change 31 (42) 49 (60)* 

Airway suctioning 8 (11) 3 (3) 

Cathefer/ftube removal or insertion 5 (7) 2 (2) 
*Statistically significant difference, P<.05. 


82 (32) 





< insignificantly worse compliance in study 2. 


. On the sargical ward, infractions occurred in 30% of ob- 
| served | pre cedures in study 1 and 32% of observed procedures 
in study 2, again an insignificant difference. In both studies, 
absence of glove wearing was the most frequent offense (74% 
and 82%, respectively), although there was a worrisome in- 
crease in needle recapping as a cause of infraction in study 2. 
Interestingly, medical students committed 57% of the infrac- 
tions in study 1, while resident surgeons committed 65% of 
those in study 2. In both studies, dressing change was the 
procedure during which most infractions occurred (respec- 
tively, 42% and 60% of observed procedures in which an 
infraction 3ceurred, a statistically significant worsening). 
Complete surgical ward data are shown in Table 2. 

4 Results for the SICU are illustrated in Table 3. There were 
D infractions in 75% of 40 observed procedures in study 1, with a 
sign ife cant | decrease to 40% of 53 observed procedures in 


















^ ce of glove wearing was the most frequently seen 
action (3340) in study 1, with residents constituting 53% of 
rs. Infractions were seen in 100% of intravenous ac- 
cess procedures and 94% of airway suctioning. In study 2, 
absence of eye protection was the most frequently encoun- 
fraction (8396), and again residents were the most 
frequently s seen offenders (61%). Intravenous access and air- 
way suctioning formed 74% cf observed procedures in which 
an infractien occurred. 


COMMENT 


i The thecretical advantages of UPs are significant and in- 
|. eludetheeimination of HCW risk of acquiring blood and body 
fluid-borne infections during patient care, the provision of a 

form standard of infection control that is easy to learn and 
ich, and zeduction in the need for routine infection sereen- 
rofp atents in high-risk groups. Despite these, major 
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Table 3. — Violation of Universal Precaution in the Surgical. 
Intensive Care Unit 








Total No. of Observed Procedures 40 53. d.c 
Total No. of Observed infractions 30 23 o fe’ 
Observed infractions, No. (% of total) n p 
Absence of eye protection 13 (43) 19. ur du 
Absence of glove wearing 16 (63 — 83 13". — 


Needle recapping 0 tf 
Absence of facial mask coverage 13) oO 
Absence of handwashing 0 oo : 
Health care workers, No. (% of total) H 


Staff 1 (3) Qo | 
Resident 16 (53) 14 61) 
Medical student 0 2 (8) 
Nursing staff 9 (30) 5 (22) 
Other 4(13 — 2(9 


Observed procedures in which at least one 
infraction occurred (% of total observed 






procedures) 30 (75) 23 (43) 
Procedure (% of total) 

Blood draw 3 (10) 3 (13) 
Blood culture 6 (20) 1 (4) 
intravenous access 6 (20) 11 {48} 
Dressing change 2 (7) 0 
Airway suctioning 13 (43) 6 (26) 
Catheter/tube removal or insertion 0 2 (9) 


* Statistically significant difference, P<.05. 


disadvantages exist, not the least of which are the estimated 
15% increase in hospital costs of UP implementation (50% to 
60% increase in glove costs alone)" and the necessary change 
in hospital practice. In fact, historical data from hand-wash- 
ing studies and at least one study evaluating UP compliance i in 
an emergency department setting” indicate that more strin- 
gent infection control policies such as UPs are unlikely to 
achieve widespread compliance. Our study certainly supports 
this conclusion. Compliance with UPs was poor in surgical 
patient care areas where printed material distributed ai the 


time cf employment and on information given in previous ^ ^. 


formal educational programs were relied on to achieve this 
goal. However, in contrast to previous suggestions that im- 
proved compliance may result from active HCW education, 
our study showed no overall improvement after a one-time 
active HCW educational program that was initiated by super- 
visors aware of the initial failings of their employees. 

In fact, in the SICU and OR, where the risk of blooc and 
body fluid-borne infection should be highest." compliance 


was the worst. For instanee, wearing eye protection was 


lowest in the OR and highest on the surgical ward. The rather 
wide variation in these patient care areas may be because 
there is little “tradition” of wearing eye protection inthe OR. 
compared with the intensive care unit and surgical ward 

during certain procedures. Fortunately, this noncompliance 
centered around precautions (eye protection, glove wearing) 
designed to prevent less dangerous skin and mucous mem- 
brane exposure, although there was a disturbing trend of 
increased needle recapping following HCW educational pro- 
grams. We did not monitor the intensity of these educational 
programs and recognize that at least some of the failure in 
study 2 to improve compliance may have been due ta the 
inadequacy of the programs themselves. Common excuses for 


noncompliance expressed by HCWs confronted with their . : 


infractions ineluded lack of readily available protective equip- 
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ment (thought by all study observers to not be the case), the B 
hindrance in performance of patient care procedures caused. 





by protective equipment, the opinion that UPs are often 
unnecessary and time consuming, and perhaps most fre- 
quently, unawareness of the existence of UPs or their correct 
application even after educational programs were instituted. 
These excuses suggest behavioral patterns among HCWs 
that will be difficult to change on a widespread basis,” virtual- 
ly assuring an ongcing problem with UP compliance and 
practicality. Existence of UPs as an effective sole means of 
infection control must be questioned, and, therefore, at- 
tempts to improve or develop other means of control, espe- 
cially patient screening techniques and immunization against 
pathogens, should not be abandoned in an all-out effort to 
implement UP. 

We do see UPs as an admirable goal and, in fact, our studies 
identify specific health care areas and HCW groups that can 
be targeted for improvement. In the OR, surgical nurse/tech- 
nieians and resident surgeons clearly are the most frequent 
offenders and perhaps should be subjected to more intensive 

ongoing active educational programs as well as compliance 
surveillance. Particular attention should be paid to operations 


performed by services in which widespread blood loss is not 


common (plastic surgery, otolaryngology, gynecology, and 
urology as opposed to cardiothoracic, general, and orthopedic 
surgery). On the surgical ward and in the SICU, a marked 
improvement in compliance would result if eye protection and 
glove wearing were used more frequently by medical stu- 
dents, resident surgeons, and residents, especially when per- 
forming intravenous access and dressing changes. Addition- 
ally, although no true decrease in the availability of protective 
materials necessary to perform UPs could be demonstrated, 
efficient supply systems should further enhance compliance. 
If UPs are to continue, compliance must be improved, the 
responsibility for which falls on the shoulders of both HCWs 
and their employing institution. We believe compliance with 
UPs may be possible but will require a firm, visible commit- 
menz by the elinieal and administrative leadership and an 
ongeing education program until UPs too become "routine" 
(as 8 wearing gowns, gloves, masks, and caps in the OR, 
something that met resistance when introduced in the first 
part.of this century). 


Heather Stafford provided technical assistance. 
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. . ROeBERT E. CONDON, MD, Milwaukee, Wis: Leadership is needed 
. ànam institution if precautions against transmission of hepatitis and 
^ .HIV are to be effectively implemented. Leaders need to be seen 
following appropriate precautions. Additional precautions supple- 
_ menting UPs are needed in those environments where exposure to 
‘blood and body fluids is a regular consequence of the procedures 
..eondueted. Did the experience of individual residents and students 
“play a role? Was noncompliance related to reealcitrant individuals? 
‘Was failure of in-service educational efforts a factor? | 
DONALD Fry, MD, Albuquerque, NM: The Occupational Safety 
and Health Administration has mandated that HCWs follow “univer- 
sal” precautions. In this eontext, the data just presented are incrimi- 
nating to the hospital concerned, although the behavior recorded 
- probably is. prom of all hospitals. 1 emphasize the need for 
| leadership i in securing compliance with UPs. Are punitive measures 
-going to be necessary to secure compliance? 
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Discussion 


residents are reluctant to do so. The other is medical students serving 
in Central Africa, an area where inadequate medical supplies make 
compiiance with U Ps unlikely. What are your thoughts about possible 
preventive measures? 

JOEL EHRENKRANZ, MD, Miami, Fla: Leadership is important; 
the Seciety should poll its members as to the number who have been 
immunized against HBV. A show of hands of Society members immu- 
nized against HBV indicated that about one fourth of the audience 
were susceptible and had not been immunized against HBV. 

DRCOURINGTON: Lack of compliance is probably not related to the 
exper:ence of the residents and students studied, nor is it due to the 
actions of a few recalcitrant individuals. The lack of improvement is 
probably related to inadequate educational efforts directed at HCWs. 
This study incriminated our institution but the same situation proba- 
bly applies to a wide range of US hospitals. Punitive measures as a 
possible solution have been diseussed but not implemented. Im- 
proved educational programs are to be implemented first. The risk of 
transmission to those serving on obstetrie services and in certain 
underprivileged countries is an area in which improvement in pre- 
ventive measures is possible. 
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* Achieves 96% favorable clinical response (resolu- 
tion + improvement) of infections due to suscep- 
tible strains of indicated pathogens. See indicated 
organisms in prescribing information. 


tin vitro activity does not necessarily imply a correla- 
tion with in vivo results. 


NOTE: Concurrent administration of ciprofloxacin 
with theophylline may lead to elevated plasma 
concentrations of theophylline and prolongation of 
its elimination half-life. This may result in increased 
risk of theophylline-related adverse reactions. If 
concomitant use cannot be avoided. plasma levels 
of theophylline should be monitored and dosage 
adjustments made as appropriate. 


Antacids containing magnesium hydroxide or 
aluminum hydroxide interfere with the absorption 
of ciprofloxacin, resulting in serum and urine levels 
lower than desired; concurrent administration of 
these agents with ciprofloxacin should be avoided. 


A history of hypersensitivity to ciprofloxacin is a 
contraindication to its use. A history of hyper- 
sensitivity to other quinolones may also contrain- 
dicate the use of ciprofloxacin. 


CIPRO* SHOULD NOT BE USED IN CHILDREN, 
ADOLESCENTS, OR PREGNANT WOMEN. 


See next page for brief summary of prescribing 
information. 





IN LOWER RESPIRATORY INFECTIONS 


CIPRO MAKES A TOUGH 
THERAPEUTIC CHOICE EASIER. 


Cipro’ achieved 96% clinical success in pneumonia, bronchitis, and 


bronchiectasis'* —even in patients who: 


m smoke, drink 

m have underlying conditions, such 
as COPD 

a are elderly or immunocompromised 
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Miles 


The most potent fluoroquinolone. 


m live in nursing homes 
m have a history of repeated 
antibiotic use that has proven 


ineffective 
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CIPRO® TABLETS 
(ciprofloxacin HCI/Miles) 


BRIEF SUMMARY 
CONSULT PACKAGE INSERT FOR FULL PRESCRIBING INFORMATION 


INDICATIONS AND USAGE 


Cipro® is indicated for the treatment of infections caused by susceptible strains of the designated microorganisms in 

the conditions listed below 

Lower Respiratory Infections caused by Escherichia coli, Klebsiella pneumoniae, Enterobacter cloacae. Proteus 

mirabilis, Pseudomonas aeruginosa. Haemophilus influenzae, Haemophilus parainfluenzae, and Streptococcus 

pneumoniae. 

Skin and Skin Structure Infections caused by Escherichia coli, Klebsiella pneumoniae, Enterobacter cloacae, Proteus 

mirabilis, Proteus vulgaris, Providencia stuartii, Morganella morganii, Citrobacter freundi, Pseudomonas 

aeruginosa, Staphylococcus aureus, Staphylococcus epidermidis, and Streptocaccus pyogenes. 

Bone and Joint Infections caused by Enterobacter cloacae, Serratia marcescens „and Pseudomonas aeruginosa. 

Urinary Tract Infections caused bv Escherichia coli, Klebsiella pneumoniae, Enterobacter cloacae, Serratia mar- 

cescens, Proteus mirabilis. Providencia rettgeri, Morganella morganii, Citrobacter diversus, Citrobacter freundii, 

Pseudomonas aeruginosa, Staphyloceccus epidermidis, and Streptococcus faecalis. 

Infectious Diarrhea caused by Eschenchm coli (enterotoxigenic strains), Campylobacter jejuni, Shigella flexneri, * and 

Shigella sonnei* when antibacterial therapy is indicated. 

*Efficacy for this organism in this orgam system was studied in fewer than 10 infections 

CONTRAINDICATIONS 
A history of hypersensitivity to ciprofiexacin is a contraindication to its use. A history of hypersensitivity to other 
quinolones may also contraindicate the use of ciprofloxacin. 
WARNINGS 

CIPROFLOXACIN SHOULD NOT BE USED IN CHILDREN, ADOLESCENTS, OR PREGNANT WOMEN. The oral adminis- 

tration of c:profloxacin caused lameness in immature dogs. Histopathological examination of the weight-bearing 

joints of these dogs revealed permanent lesions of the cartilage. Related drugs sueh as nalidixic acid, cinoxacin, and 

norfloxacin also produced erosions of cartilage of weght-bearing joints and othersigns of arthropathy in immature 

animals of various species (SEE ANIMAL PHARMACOLOGY SECTION IN FULL PRESCRIBING INFORMATION). 

PRECAUTIONS 

General: As with other quinolones, ciprofloxacin may cause central nervous system (CNS) stimulation, which may 
-lead to tremor, restlessness, lightheadedness, confusion, and rarely to hallucinatiens or convulsive seizures. There- 

fore, ciprofloxacin should be used with caution in patents with known or suspected CNS disorders, such as severe 

cerebral arteriosclerosis or epilepsy, or ather factors which predispose to seizures (SEE ADVERSE REACTIONS). 

Anaphylactic reactions follcwing the first dose have been reported in patents receiving therapy with quinolones. 
Some reactions were accompanied by cardiovascular collapse, loss of consciousness, tingling, pharyngeal or facial 
edema, dyspnea, urticaria, ard itching. Only a few patients had a history of hypersensitivity reaction. Anaphylactic 
reactions may require epinephrine and other emergency measures. Ciprofloxacin should be discontinued at the first 
sign of hypersensitivity or allergy. 

Severe hypersensitivity reactions characterized by rash, fever, eosinophilia, jaundice, and hepatic necrosis with 
fatal outcome have been reported rarely (less than ona per million prescriptions) in patients receiving ciprofloxacin 
aong with other drugs. The possibility that these reactions were related to ciprofloxacin cannot be excluded. 
Ciprofloxacin should be discontinued at the first appearance of a skin rash or any sign of other hypersensitivity 
reaction. 

Crystals of ciprofloxacin have been abserved rarely in the urine of human subjects but more frequently in the urine 
of laboratory animals (SEE ANIMAL PHARMACOLOGY SECTION IN FULL PRESCRIBING INFORMATION). Crystalluria 
related to ciprofloxacin has been repo-tec.only rarely in man, because human urine is usually acidic. Patients receiving 
ciprofloxacin should be well hydrated, and alkalinity af the urine should be avoided. The recommended daily dose 

shou d not be exceeded. 

. . Alteration of the dosage regimen is necessary for patients with impairment of renal function (SEE DOSAGE AND 
ADMINISTRATION). 

As with any potent drug, periodic assessment of organ system functions, including renal, hepatic, and hema- 

topoietic function, is advisable during prolenged therapy. 
Drug Interactions: As with other quinolomes, concurrent administration of ciprofloxacin with theophylline may lead to 
elevated plasma concentrations of theophylline and prolongation of its elimination half-life. This may result in 
increased risk of theophylline-related adverse reactions. If concomitant use cannot be avoided, plasma levels of 
theophylline should be monitored anc dosage adjustments made as appropriate. 

Quinolones, including ciprotloxacin, nave also been shown to interfere with the metabolism of caffeine. This may 
lead to reduced clearance of caffeine and a prolongation of its plasma half-life. 

Antacids containing magnesium hydroxide or aluminum hydroxide may interfereawith the absorption of ciproflox- 
acin resulting in serum and urine jewels lower than desired; concurrent administration of these agents with 
ciprofloxacin should be avoided. 

Concomitant administration of the morsteroidal anti-inflammatory drug fenbu'en with a quinclone has been 
reported to increase the risk of CNS stimulation and convulsive seizures. 

Probenecid interferes with tne renal tubular secretion of ciprofloxacin and produces an increase in the level of 
Ciprofloxacin in the serum. This should be considered if patients are receiving both drugs concomitantly. 

As with other broad-spectrum antibiotics, prolonged use of ciprofloxacin may result in overgrowth of nonsuscep- 
tible organisms. Repeated eva uation of the patient's condition and microbial susceptibility testing is essential. If 
superinfection occurs during therapy, appropriate measures should be taken. 

Information tor Patients: Patients should be advised that ciprofloxacin may be taken with or without meals. The 
preferred time of dosing is two hours after a meal. Patients should also be advised to drink fluids liberally and not take 
antacids containing magnesium or alumnum. 

Patients should be advised that ciprofloxacin may be associated with hypersensitivity reactions, even following a 
single dose, and to discontinue the drugsat the first sign of a skin rash or other allergic reaction. 

Ciprofloxacin may cause diznness or 'chtheadedness; therefore patients should know how they react to this drug 
before they operate an automobile or machinery or engage in activities requiring mental alertness or coordination. 

Patients should be advised that ciproflxacin may increase the effects of theophylline and caffeine. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Eight in vitro mutagenicity tests have been conducted with 
ciprofloxacin and the test results are listed below: 

Salmonella/Microsome Test (Negative) 

E. coli DNA Repair Assay (Negatives 

Mouse Lymphoma Cell Forward Mutation Assay (Positive) 

Chinese Hamster Vg Cell HGPRT Test (Negative) 

Syrian Hamster Embryo Cell Transtormation Assay (Negative) 

Saccharomyces cerevisiae Point Mutation Assay (Negative) 

Saccharomyces cerevisiae Mitotic Crossover and Gene Conversion Assay (Negative) 

Rat Hepatocyte DNA Repair Assay (Positive) 
Thus, two of the eight tests were positive. but the results of the following three in vivo test systems gave negative 
results: 

Rat Hepatocyte DNA Repair Assay 

Micronucleus Test (Mice) 

Dominant Lethal Test (Mice) 
Long-term carcinogenicity studies in rats amd mice have been completed. After daily oral dosing for up to 2 years, 
there is no evidence that ciprofloxacin had any carcinogenic or tumorigenic effects in these species. 
Pregnancy— Pregnancy Category C: Reproduction studies have been performed inerats and mice at doses up to 6 
times the usual daily human dose and have revealed no evidence of impaired fertility or harm to the fetus due to 
ciprofloxacin. In rabbits, as with most antmicrobial agents, ciprofloxacin (30 and 100 mg/kg orally) produced 
gastrointestinal disturbances resulting in materna! weight loss and an increased incidence of abortion. No terato- 
genicity was observed at either dose. After intravenous administration, at doses up to 20 mg/kg, no maternal toxicity 
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was pratiuced, and no embryotoxicity or teratogenicity was observed. There are, however. no adequate and well- 
controlled studies in pregnant women. SINCE CIPROFLOXACIN, LIKE OTHER DRUGS IN ITS CLASS. CAUSES 
ARTHRGPATHY IN IMMATURE ANIMALS, IT SHOULD NOT BE USED IN PREGNANT WOMEN (SEE WARNINGS). 
Nursing: Mothers: It is not known whether ciprofloxacin is excreted in human milk: however, it is known that 
ciprofloxacin is excreted in the milk of lactating rats and that other drugs of this class are excreted in human milk 
Becauseof this and because of the potential for serious adverse reactions from ciprofloxacin in nursing infants, a 
decision-should be made to discontinue nursing or to discontinue the drug, taking into account the importance of the 
drug to tne mother 

Pediatric Use: Patients under the age of 18 were not included in the clinical trials of ciprofloxacin because ciprofloxacin 
as well as other quinolones causes arthropathy in immature animals. Ciprofloxacin should not be used in children or 
adolescents (SEE WARNINGS) 





ADVERSE REACTIONS 
Ciprofloxacin is generally well tolerated. During clinical investigation, 2,799 patients received 2,868 courses of the 
drug. Adverse events that were considered likely to be drug related occurred in 7 3% of courses. possibly related in 
9.2%, and remotely related in 3.0% Ciprofloxacin was discontinued because of an adverse event in 3.5% of courses. 
primarilyinvolving the gastrointestinal system (1 5%), skin (0.6%), and central nervous system (0.4%). Those events 
typical ot quinolones are italicized 
The most frequently reported events, drug related or not, were nausea (5.2%), diarrhea (2.3%), vomiting (2.0%), 
abdominal pain / discomfort (1 7%), headache (1.2%), restlessness (1.1%), and rash (1.1%) 
Additional events that occurred in less than 1% of ciprofloxacin courses are listed below. 
GASTROINTESTINAL: (See above), painful oral mucosa, oral candidiasis. dysphagia, intestinal perforation, 
gastrointestinal bleeding. 
CENTRAL NERVOUS SYSTEM: (See above). dizziness. lightheadedness. insomnia, nightmares, hallucinations. 
marc reaction, irritability, tremor, ataxia. convulsive seizures, lethargy. drowsiness. weakness, malaise. 
anorexia, phobia, depersonalization, depression, paresthesia. 
SKIN; HYPERSENSITIVITY: (See above). pruritus, urticaria, photosensitivity flushing, fever, chills, 
angiedema, edema of the face, neck. lips, conjunctivae or hands, cutaneous candidiasis. hyperpigmentation. 
eryimema nodosum. 
Allergic reactions ranging from urticaria to anaphylactic reactions have been reported (SEE PRECAUTIONS) 
SPECIAL SENSES: blurred vision, disturbed vision (change in color perception, overbrightness of lights). 
decreased visual acuity. diplopia, eye pain, tinnitus, hearing loss. bad taste. 
MUSCULOSKELETAL: joint or back pain. jomt stiffness, achiness. neck or chest pain, flare-up of gout 
RENAL //UROGENITAL- interstitial nephritis, nephritis, renal failure, polyuria, urinary retention, urethral bleed- 
ing. waginitis, acidosis 
CARDIOVASCULAR: palpitations, atrial flutter, ventricular ectopy, syncope, hypertension, angina pectoris. 
myacardial infarction, cardiopulmonary arrest, cerebral thrombosis 
RESPIRATORY: epistaxis, laryngeal or pulmonary edema. hiccough, hemoptysis. dyspnea. bronchospasm, 
pulmonary embolism 
Most of the adverse events reported were described as only mild or moderate in severity, abated soon after the drug 
was discontinued, and required no treatment. 
In several instances, nausea, vomiting, tremor, restlessness, agitation, or palpitations were judged by investigators 
to be related to elevated plasma levels of theophyliine possibly as a result of a drug interaction with ciprofloxacin 
Other adverse events reported in the postmarketing phase include anaphylactoid reactions. Stevens-Johnson 
syndrome exfoliative dermatitis, toxic epidermal necrolysis, hepatic necrosis, postural hypotension. possible exac- 
erbation otmyasthenia gravis. confusion, dysphasia, nystagmus, pseudomembranous colitis, dyspepsia, flatulence, 
and constipation. Also reported were agranulocytosis; elevation of serum triglycerides, serum cholesterol, blood 
glucose, serum potassium; prolongation of prothrombin time: albuminuria: candiduria. vaginal candidiasis; and renal 
calculi (SEE PRECAUTIONS) 
Adverse Laboratory Changes: Changes in laboratory parameters listed as adverse events without regard to drug 
relationship: 
Hepatic— Elevations of: ALT (SGPT) (1.9%), AST (SGOT) (1 7%) alkaline phosphatase (0.8%), LDH (0.4%), 
serum bilirubin (0.3%) 
Cholestatic jaundice has been reported 
Hematologic—Eosinophilia (0.6%), leukopenia (0.4%), decreased blood platelets (0 1%), elevated blood 
platesets (0.1%), pancytopenia (0.1%). 
Rena— Elevations of: Serum creatinine (1.1%), BUN (0.9%). 
CRYSTALLURIA, CYLINDRURIA, AND HEMATURIA HAVE BEEN REPORTED 
Other changes occurring in less than 0.1% of courses were: Elevation of serum gammaglutamyl transferase, elevation 
of serum amylase, reduction in blood glucose, elevated uric acid, decrease in hemoglobin, anemia. bleeding 
diathesis, increase in blood monocytes, and leukocytosis 
OVERDOSAGE 
Information on overdosage in humans is nct available. In the event of acute overdosage. the stomach should be 
emptied byanducing vomiting or by gastric lavage. The patient should be carefully observed and given supportive 
treatment. Adequate hydration must be maintained. Only a small amount of ciprofloxacin (- 10%) is removed from 


the body after hemodialysis or peritoneal dialysis 


DOSAGE AND ADMINISTRATION 

The usual adult dosage for patients with urinary tract infections is 250 mg every 12 hours. For patients. with 
complicated infections caused by organisms not highly susceptible, 500 mg may be administered every 12 hours 

Lower respiratory tract infections, skin anc skin structure infections, and bone and joint infections may be treated 
with 500 mg every 12 hours. For more severe or complicated infections. a dosage of 750 mg may be given every 12 
hours 

The recommended dosage for infectious diarrhea is 500 mg every 12 hours 

In patients with renal impairment, some modification of dosage is recommended (SEE DOSAGE AND ADMINIS- 
TRATION SECTION IN FULL PRESCRIBING INFORMATION). 

HOW SUPPLIED 

Cipro* (ciprofloxacin HCl /Miles) is available as tablets of 250 mg. 500 mg, and 750 mg in bottles of 50, and in Unit- 
Dose packages of 100 (SEE FULL PRESCRIBING INFORMATION FOR COMPLETE DESCRIPTION). 


References: 1. Data on file, Miles Inc Pharmaceutical Division. 2. Barry AL. Jones RN, Thornsberry 
C, et al Antibacterial activities of ciprofloxacin, norfloxacin, oxolinic acid, cinoxacin, and nalidixic 
acid. Antimicrob Agents Chemother. 1984;25:633-637. 3. Guimaraes MA, Noone P. The 
comparative in-vitro activity of norfloxacin, ciprofloxacin, enoxacin and nalidixic acid against 423 
strains of gram-negative rods and staphylococci isolated from infected hospitalised patients. J 
Antimicrob Chemother. 1986;17:63-67 4. Van Caekenberghe DL, Pattyn SR. In vitro activity of 
ciprofloxacin compared with those of other new fluorinated piperazinyl-substituted quinclone 
derivatives Antimicrob Agents Chemother 1984;25:518-521 
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Infections in Patients With Trauma 


Susan E. Pories, MD; Richard L. Gamelli, MD; Philip B. Mead, MD; Gregory Gocdwin, MS; Frank Harris, MS; Pamela Vacek, MS 


e Sepsisis a major cause of morbidity and mortality in patients 
with trauma. To elucidate factors that might lead to infection, we 
studied the epidemiologic characteristics of nosocomial infec- 

tions in our patient population with trauma. During a 3.5-year 
^. period, 2496 patients were entered into our hospital trauma regis- 
. > try and cross-matched with hospital infection control surveil- 
^. lance information. Two hundred twenty-nine patients with trau- 
EN co ions were identified (9.2%), a figure that 
twice the nosocomial infection rate for the generai 

I population. The majority of those infected were either 





injury Severity Score than those who did not. Injury site was 

related to risk of infection with injuries of the spine, chest, and 

extremity showing the most significant relationship. The length 

co Ofstayas well as hospital charges were significantly related to 

cs. the occurrence of infectious complications. By determining the 

. patient with trauma at risk for infection, treatment strategies can 

be designed to minimize septic complications. 

'- (Arch Surg. 1991;126:97-99) l 

























amains the leading cause of death among Ameri- 
ween ages 1 and 38 years. Deaths due to trauma 
distribution: immediate (50%), early (80%), 
deaths.' Infection and multisystem organ fail- 
ultimate cause of 80% of late deaths.’ Although 
stantial research interest in multisystem organ 
| the underlying mechanisms, there have been few 
ic investigations of nosocomial infections in pa- 
1 trauma. Our study was designed to characterize 
ttern of such infections in our institution and identify 
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factors that influence the development of nosocomial infec- 
tions in the patient population with trauma. 


PATIENTS AND METHODS 


During the 40-month period between September 1986 and Decem- ^. 
ber 1989, 2496 patients were entered into the Medical Center Hospi- 
tal of Vermont Trauma Registry in Burlington. The registry induded — 
only those patients with trauma who were admitted to the hospital. = 
Information collected on admission included type cf event leadingto — 
injury, trauma score, Injury Severity Score (ISS), method of rans- .- 
portation, reasons for delay in transport, and initial dispositión: The 
hospitals computerized discharge summary provided demographic — 
data such as sex, age, and town of origin, as well as length d stay, 
number of days in the intensive care unit, diagnosis related group — 
assignment, charges generated, and final disposition. an 

The infection control unit at the Medical Center Hospital ef Ver- _ 
mont performs total hospital surveillance for nosocomial infe»tions. 
This is done by reviewing all laboratory culture information, abnor- ' 
mal chest roentgenographic reports, and operative notes. In addi- e 
tion, the infection control practitioners make daily rounds amd talk .. 
with the nurses on each ward about possible hospital-aequirec infee- < 
tions. A nosocomial infection data sheet was completed for each oo 
infection to document demographic data, infection site, orgarüsm(s), -- 
and antibiogram. All information was entered into a computerized 
nosocomial infection registry. EA. 

The trauma and infection registries were cross-referenced to iden- 
tify patients with trauma who became infected while hospitaliz 
Data analysis included one-way analysis of variance, Students tt 
X: tests, and multivariate logistic regression analysis to estab 
odds ratios. Tani 






























RESULTS 


Of the 2496 patients with trauma, 229 were identified with 
infection, for an infection rate of 9.2%. The patient inection 
rate in the general hospital population during the same pel E 
was 4.9%. Of the 229 patients, 108 (47.2%) were male and 
(52.8%) were female and the mean age was 53 years. 
infection rate in female patients with trauma was 14.696, 
in injured males, it was 7.1%. The most frequent mechar 
of injury was falls (41.5%), followed by motor vehicle : 
dents (31%). There were 23 deaths, for a 10% mortality ra 

Patients with infections were most commonly on the or 
pedie service (51%), general surgery service (25%), orneuro: 
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infection were found in the orthopedic (51%), intensive care 

unit (17%), genera! surgery (10%), and neurosurgery (10%) 

» departments. 

—. The mean time to onset of the first infection was 13 days 
after admission to the hospital. As listed below, the most 

common infections were urinary, pulmonary, blood-related, 

and surgical wound-related. 


Type of Infection No. (%) of Patients 
Urinary 140 (61.1) 
Pulmonary 33 (14.4) 
Blood-related 18 (7.9) 
Vascular access 2 (0.9) 
Surgical wound 14 (6.1) 
Deep surgical wound 2 (0.9) 
Other 20 (8.7) 





In the general hospital population, urinary infections were 
also the most common, followed by bleod-related, pulmonary, 
and surgical wound-related. Of the patients with trauma who 

developed infections, 8866 of infections occurred in those sus- 
taining blunt injury, 6% in thermally injured patients, 496 in 
victims of penetrating trauma, and 2% in those sustaining 
combined injury. Patients who were hypotensive at admis- 
sion were more likely to develop infection than those who 
were not in shock on admission (P« 0801). 

The organisms most commonly seen in urinary tract infec- 
tions were Escherichia coli (51%), Pseudomonas aeruginosa 
(13%), coagulase-negative staphylococci (10%), and Entero- 
coccus (9%). The organisms most frequently noted in pul- 
monary infections were Streptococcns pneumoniae (24%), 
Haemophilus influenza (15%), and eoagulase-positive sta- 
phylococci (12%). In blood-borne infections, coagulase-nega- 
tive staphylococci were seen most coramonly (89%), followed 
by Acinetobacter (17%), coagulase-positive staphylococci 
(11%), and Enterobacter (11%). In surgical wound infections, 
Pseudomonas (28%), coagulase-positive staphylococci (28%), 
and Enterococcus (14%) were the organisms most eommonly 
seen. There were orly two deep surgical wound infections, 
both of which were related to coagulase-negative staphylo- 
cocci, Only two vaseular access infections were noted, both of 
which indicated coagulase-positive staphylococci. 

We also correlated infection site by the region of the injury 
(Table 1). Those patients who developed urinary tract infec- 
tions were most likely to have suffered extremity injuries 
(54%) or multiple injuries (88%). Patients who developed 
pulmonary infection were most likely to have multiple inju- 
ries (67%), extremity injury (15%), head injuries (9%), or 
isolated chest injury (6%). Blood-borne infection was seen 

most frequently in patients with multiple (61%) and external 
. injuries (22%). Surgical wound infections were noted primari- 
. ly in patients with multiple (46%) and extremity injuries 
= (8866). 

— . A highly significant relationship was found between the 
-development of an infection and the ISS? (P<.0001, the 
Glasgow coma score’ (P«.0001), and the trauma score 
(P—.011) When the patients with trauma who developed 
infection were compared with those whe did not, significantly 
higher proportions cf patients with injuries to the spine 
(P«.001) chest (P«.001) abdomina) and pelvic regions 
(P —.0036) and extremities (P = .0182) were noted. The dif- 
- ferences in the proportions of head and external injuries were 
_ not significant. Although not statistically significant, there 
-was a trend for patients with higher blood alcohol concentra- 

tions to develop infeetion (P = .188). 

_ Length of stay was significantly inereased in those patients 
_ who developed infection (mean stay, 22.days) compared with 
_ those who did not (mean stay, 8 days) (P<.0001). Total hospi- 
. tal charges were also significantly increased in patients with 
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surgery service (13%). By hospital unit, the highest rates of 





Table 1.—Injurv Site and Relationship to Infection 
No. (?6) of Patients 
Trauma Only 
(r= 2267) 
698 (30.8) 
226 (10.1) 
246 (10.9) 


Trauma and Infection 
(n = 229) 


73 (31.9) 
45 (19.7) 
46 (20.1) 


Abdominal/pelvic 
region 157 (6.9) 
1407 (62.1) 


471 (20.8) 


28 (12.2) 
160 (70.0) 
48 (21.0) 


Extremity 
External 








Table 2, — Infection Type by Gender in the 
Population With Trauma 






Type Women, No. (%) Men, No. (%) 










Urinary 100 (82.6) 40 (37) 
Puimonary 9 (7.4) 24 (22.2) 
Blood-retated 3 (2.5) 15 (13.9) 















Vascular access 
Surgical wound 
Deep surgical wound 


1 (0.8) 
2-017 











12 (11.1) 






14 (13) 





trauma who developed infection (P<.0001). Signifieant in- 
creases were noted in laboratory (P<.0001), pharmacy 
(P«.8001), and radiology charges (P<.0001). 

Seventy-nine percent of those patients with trauma who 
did net develop infection were able to return home with self 
care, while only 24% of those with infection were able to do so 
(P<.0001). A significant increase in deaths (P< .0001) was 
seen in the patients who developed infection (10%) compared 
with those who did not (296). 

We noted striking differences in the pattern of nosocomial 
infection sites between men and women (Table 2). In women, 
urinary tract infections accounted for 82.6% of nosocomial 
infections; pulmonary infections, 7 4%; blood-borne infec- 
tions, 2.5%; and surgical wound infections, 1.7%. In men, 
urinary tract infections were seen in 37% of cases, pulmonary 
infections in 22.2%, blood-borne infections in 13.9%, and sur- 
gical wound infections in 11.1%. The distribution across sites 
of infection in this population was significantly different 
(P«,001). 

Thegender difference in infection rates and sites may be, in 
part, related to age. The mean age of the male patient with 
trauma was 40 years, while that of the female patient was 64 
years CP«,0001). There is also a clear difference in the mecha- 
nism of injury along gender lines. Fifty-seven percent of the 
entire female population with trauma were injured as a result 
of falling, compared with only 2446 of the male population. 
Looking at the data slightly differently, women suffered 72% 
of all falls, while men suffered 60% of all motor vehicle acci- 
dents and 78% of motorcycle accidents. 

A multivariate logistic regression model was developed and 
odds ratios were calculated fer variables of significance. The 
variables in our model were age, ISS (both continuous vari- 
ables), spine injuries (none —0; =1=1), extremities injuries 
(none, D; =1, 1), Glasgow verbal response (oriented, 0; other 
than oriented, 1), gender (male, 0; female, 1), the interaction 
of gencer and spine injuries, and the interaction of age and 
Glasgow verbal response. The odds ratio of infection due to a 
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ein ISS was 1.38 (9596 confidence interval [CI]: 
r an extremity injury it was 1.44 (95% CI: 1.01, 
: significant interaction between spine injury and 
der reveals that the odds ratios associated with spine 
among men (3.26) (95% CI: 1.97, 5.40) are much higher 
than among women (1.02) (95% CI: 0.54, 1.91) Alsc, the 
significant interaction between age and Glasgow verbal re- 
sponse shows that odds ratios associated with Glasgow verbal 
response other than oriented are much higher for younger 
adults. For example, the odds ratio for a 30-year-old patient 
< with Glasgew verbal response other than oriented was 3.18 
—- (95% CI: 2.16, 4.67) while for a 60-year-old patient with 
-< Glasgow verbal response other than oriented, the odds ratio 
was 1.58 (95% CI: 1.26, 1.87). 
Bue COMMENT 


. Infection remains the most common cause of late deaths in 
` patients with trauma. Understanding the epidemiolog:c fea- 
"tures of nosocomial infections in trauma is the first step 
toward prevention of morbidity and mortality due to infec- 
tion.' It is wot unusual for infection to play a major role in the 
outcome of patients with trauma. These patients are often 
subjected to a number of emergency procedures during resus- 
citation. Urinary, arterial, and central venous catheters and 
nasogastrie and chest tubes are placed, and orthopediz fixa- 
tion and tracheostomies performed in many patients, violat- 
ing the natural skin or mucous membrane defenses.” In addi- 
tion, the trauma itself is responsible for abnormalities in host 
defenses, and the immunologic defects seen in patients with 
trauma heve been related both to severity of injury and 
patient age." 
^4. Our data confirm the impact of increasing age and severity 
* ofinjury on the susceptibility £o infection. The population that 
became infected had a mean age of 53 years while the greater 
-hospital population had a mean age of 33 years (P<.0001). 
~ Inereasing injury severity was also evidenced by the odds 
~~ patio of 1.83, which essentially means that an increase of 5 in 
the ISS inereases the probability of infection 1.33 times. 

Our data underscore the risk of infection in patients with 
extremity injuries. The odds ratio generated for such patients 
is 1.44. This is in agreement with the findings of other investi- 
gators who have noted the mportant relationship between 
extremity injuries and ouccome in trauma. Goris and 
Draaisma,” in a study of deaths following blunt trauma, noted 
a higher incidence of extremity injury in patients who died of 


















sepsis. Border et al' have shown that immediate fracture - 
stabilization and early ambulation significantly reduces the 
pulmonary complications occurring after injury, which are 
almost always septic in origin. In related animal stu ies, 
Deitch and Bridges" have shown that femur fracture in mice 
causes bacterial translocation to the spleen and liver, which 
may explain the high infection rate seen with extremity 
trauma. 

In addition to confirming the importance of ISS and ex- 
tremity injury, our data also revealed some unexpected find- 
ings. À significant relationship was found between Glasgow _ 
verbal response and infection in patients younger than age 50 
years. This does not reflect the presence of a head injary; 
however, we did not find a significant relationship between 
infection and head injury. It is most likely that the abnormal 
Glasgow coma score verbal response reflects the altered sen- 
sorium one sees in a hypoterisive patient with multiple inju- 
ries. Both multiple injury and hypotension on admission were — 
found to be highly significant in the development of infection. 


A notable finding was that female patients with trauma in - | 


our study were elderly and were injured as a result of falls. 
The importance of falls as a mechanism of injury in the elderly | 


has become more widely recognized, with estimates plaeingit 


as the most common cause of death from unintentional injury 
in the elderly, accounting for 50% to 70% of accidental 
deaths. ^? Most of the elderly women sustained a hip fracture 
and were often placed at bed rest in traction and had Foley 
catheters inserted while being stabilized for surgery. This 
may aecount for the high rates of urinary tract infectioms in 
this population. 

Spire injury was also a highly significant risk factor for - 
infection, but only in men. The bed rest necessitated by spinal 
injury and the resultant effects on pulmonary status may 
explain this relationship. The gender difference is harder to 
explain and, in this ease, appears to be unrelated to age. 

Aside from significantly increasing mortality in patients 
with trauma, infection clearly contributes to morbidity. This 
is reflected in significantly longer hospital stays, higher hos- 
pital charges, and increased need for eontinued assistance 
with care as outpatients. Understanding the epidemiologic 
characteristics of infection in this population of injured per- 
sons is the first step toward identifying patients at increased 
risk of infection and taking measures to prevent infectious 
complications in these patients. 
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 Interferon-gamma Reverses Bone Marrow 


Inhibition Following Hemorrhagic Shock 


David H. Livingston, MD 


* Hemorrhagic shock has been demonstrated to alter the mye- 
lopcietic response to bacteria! lipopoiysaccharide. Interferon- 
gamma has been shown to improve the immune response follow- 
Ing experimental shock and injury; however, its effect on 
myelopoiesis is controversial. This study was performed to de- 
termine whether treatment with interferon-gamma will improve 
the bone marrow response to lipopolysaccharide a‘ter hemor- 
3 rhagic shock. Rats subjected to either shock or a sham proce- 
5. . dure were allocated into three groups: (1) control rats received no 
s further treatment; /2) lipopolysaccharide-treated rats received 
saline for 3 days and then were challenged with lipopolysaccha- 
ride to stimulate myelopoiesis; and (2) interferon-treated rats 
,. Feceived interferon-gamma (7500 U subcutaneously * hour after 

_ Shock and then every day for 3 days) and lipopolysaccharide as 
in group 2. Serum colony-stimulating factor levels were mea- 
sured 6 hours anc bone marrow white blood cell count and 
granulocyte-macrophage colony-forming units (CFU-GM) were 
| .. measured 24 hours following lipopolysaccharide administration. 

. Insham-treated rats, iipopolysaccharide increased CFU-GM 77% 
compared with controls. In contrast, treatment with lipopolysac- 
charide decreased CFU-GM 43% following shock. Treatment with 
: interferon-gamma increased CFU-GM in all animals and reversed 
the decline in CFU-GM seen in shocked lipopolysaccharide-treat- 
,..ed animals. Serum colony-stimulating factor levels were unaf- 
.fected by either shock or interferon-gamma administration. 
. These data demons:rate that interferon-gamma exerts a stimula- 
: tory affect on bone marrow following shock and restores the 
. myelopoietic response to lipopolysaccharide. 
c (Arch Surg. 1991:126:100-103) 




























-| nterferons are a group of naturally eccurring proteins that 

- have antiviral, antiproliferative, and immunomodulatory 
ffects.' Interferon-gamma is structurally and functionally 
istinct from the alpha and beta forms and has unique stimula- 
ry effects on macrophage function, including increasing 
lacrophage mierobicidal activity and cell cytotoxicity and 
creasing monocyte HLA-DR antigen expression.! Alter- 
ns in both monocyte function and interferon-gamma pro- 
tion have been documented in patients following severe 
jury.” In a model of subcutaneous infection following hem- 
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orrhagic shock, the addition of interferon-gamma to standard 
antibiotic prophylaxis markedly decreased the incidence of 
both gram-positive and mixed gram-negative abscess forma- 
tion compared with the use of antibioties alone.‘ Hershman 
anc eoworkers' demonstrated that the administration of in- 
ter'eron-gamma to mice following laparotomy and infection 
improved Ia antigen expression and survival. 

Fiacibello et al' have demonstrated that the addition of as 
little as 0.01 U/mL of interferon-gamma increased the release 
of granulocyte-macrophage colony-stimulating factor from 
HLA-DR-positive monocytes and from mitogen-stimulated 
T4 antigen-positive and T8 antigen-negative T lympho- 
cytes.’ Interferon-gamma has also been shown to increase the 
release of tumor necrosis factor? and interleukin 1? and inhibit 
the production of prostaglandin E," and the release of acidic 
isoferritin" from monocytes. All of these effects could lead to 
an increase in colony-stimulating factor (CSF) production and 
have a stimulatory effect on myelopoiesis. Koyama" has re- 
ported that the administration of low-dose interferon-gamma 
improved the granulocytopenia in some patients with myelo- 
dysplasia. Interferon-gamma’s effect on the regulation of 
phagocyte production may be partly responsible for the ob- 
served beneficial effect of interferon-gamma on bacterial in- 
fection following shock and injury. *? 

Contrary to the postulated improvement in myelopoiesis 
for interferon-gamma, the interferons in general and interfer- 
on-gamma in particular have been demonstrated to have an 
antiproliferative effect on hematopoiesis both in vitro?” and 
in vivo, ^" Broxmeyer et al” have reported that the addition of 
interferon-gamma to bone marrow cell cultures inhibited ery- 
throid, myeloid, and multipotential colony formation. Fur- 
thermore, the inhibitory effect of interferon was potentiated 
by culturing the bone marrow cells under hypoxic condi- 


ix 


tions,” a situation analogous to what may be present in the 
tissues of severely injured patients. The inhibitory effects of 
interferon-gamma on granulocyte-macrophage colony-form- 
ing unit (CFU-GM) growth have been noted by other investi- 
gators; however, a consistent finding in these studies is that 
the addition of greater than 10 U/mL of interferon-gamma is 
necessary to demonstrate a significant reduction in colony 
growth.'^" The successful use of interferon-alpha and inter- 
feron-gamma as chemotherapeutic agents in the treatment of 
leukemia" has exploited their antiproliferative effect on the 
bone marrow following high-dose systemic administration. 
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The quantities of interferon-gamma, which demonstrate an 
inhibitory effect on hematopoiesis in cell cultures and in elini- 
cal trials, are substantially greater than those that exert a 
positive effect on the immune system. Because administra- 
tion of interferon-gamma has been proven to reduce infection 
after trauma and because its effect on myelopoiesis may be 
dose dependent, we examined the effect of interferon-gamma 
on bone marrow CFU-GM growth in rats resuscitated from 
hemorrhagic shock. The dose of interferon employed was 
identical to that which has been proved to be effective in 
decreasing bacterial infection following shock’ and is equiva- 
lent to the optimum immunomodulatory dose of interferon- 
gamma." 


MATERIALS AND METHODS 
Hemorrhagic Shock 


Adult female Sprague-Dawley rats (Harlan Sprague-Dawley, Indi- 
anapolis, Ind) weighing 200 to 250 g were used throughout the 
experiment. Animals were subjected to resuscitated hemorrhagic 
shock, as previously described.* Briefly, rats were anesthetized with 
ketamine hydrochloride and xylazine and bled to a mean arterial 
pressure of 45 mm Hg, which was maintained for 45 minutes. Animals 
were resuscitated to preshock blood pressure levels with the shed 
blood and 1.5 vol of normal saline solution. This preparation has a 15% 
mortality, with all deaths occurring within the first 24 hours following 
shock. 


CFU-GM Assay 


Both femurs were aseptically removed, and the bone marrow was 
obtained by flushing each femur with 10 mL of cold MeCoy's medium 
supplemented with essential and nonessential amino acids, vitamins, 
pyruvate, serine, asparagine, glutamine, and penicillin/streptomycin 
(all reagents were obtained from GIBCO, Grand Island, NY) and 
passed twice through a 21-gauge needle to ensure cell seperation. 
Bone marrow cells were centrifuged at 400g and suspended in modi- 
fied MeCoy's medium at a concentration of 1 x 10° cells per milliliter. 
In addition, 1 x 10° bone marrow cells were plated in quadruplicate on 
35-mm tissue culture plates in 0.396 agar supplemented 10% vol/vol 
with heat-inactivated fetal calf serum (GIBCO) and pokeweed mito- 
gen spleen conditioned medium as source of growth factors. ? Plates 
were incubated for 7 days at 37°C in 5% carbon dioxide and scored 
with use of an inverted microscope. Granulocyte-macrophage colony- 
forming unit colonies consisted of aggregates of greater than 50 cells 
and clusters of five to 50 cells. 


Experimental Design 


Rats were subjected to either hemorrhagic shock or sham neck 
dissection and then randomly allocated into three groups: group 1, 
control rats received 1 mL of saline subcutaneously 1 hour after shock 
then daily for 3 days; group 2, lipopolysaccharide (LPS)-treated rats 
received saline as in group 1 (4 hours following the last dose cf saline, 
rats were challenged with 100 pg of Escherichia coli LPS 055:B11 
[Sigma Chemical Co, St Louis, Mo]) intraperitoneally; and group 3, 
interferon-treated rats received recombinant rat interferon-gamma 
(Amgen Biologicals, Thousand Oaks, Calif), 7500 U in a volume of 1 
mL subcutaneously, 1 hour after shock and then daily for 3 days and 
LPS as in group 2. Groups of animals were killed either at 6 hours 
following LPS administration for the determination of the colony- 
simulating aetivity (CSA) of the serum or at 24 hours for determina- 
tion of total bone marrow white blood cell counts and CFU-GM. The 
CSA was determined by the growth of CFU-GM from bone marrow 
obtained from a normal rat with the serum sample to be tested in place 
of pokeweed mitogen spleen conditioned medium as a source of 
growth factors. The present study was reviewed and approved by the 
Animal Care and Use Committee of the New Jersey Medical School, 
Newark. 


Statistical Analysis 


Data from the CFU-GM are expressed as the mean (+ SD) number 
of colonies or colonies plus clusters per femur, and comparisons 
between groups were made with use of a two-way analysis of variance 
and Student’s Newman-Keuls test. Data for CSA were recorded as 
the total CFU-GM per plate and are represented as the 95% confi- 
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Bone Marrow White Blood Cell Counts* 
interferon-gamma 
+LPS 


57.1+15.4 
57.9+14.0 





LPS Alone 


Sham (n=6) 47.5+6.6 66.6 + 18.81 
Shock (n= 6) 53.7+10.8 43.6+10.7 


*Data for cell counts are mean + SD number of cells x 10° per femur. LPS 
indicates lipopolysaccharide. 
+P<.05 vs sham-treated control and shock LPS groups. 
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CFU-GM per FemurX10 * 





Control LPS 


Interferon-gamma+LPS 


Fig 1.— The effect of hemorrhagic shock and interferon-gamma on 
bone marrow granulocyte-macrophage colony-forming units (CFU- 
GM) in sham-treated rats (open bars) and shocked rats (shaded oars) 
(n=6 in each group). Data are presented as total CFU-GM (colonies 
plus clusters) +SD. Single asterisk indicates P<.05 vs shocked 
controls; double asterisk, P<.05 vs controls; and dagger, P<.05 vs 
lipopolysaccharide (LPS). 


dence intervals around the mean for the groups measured. P<.05 was 
considered significant. 


RESULTS 


Total bone marrow white blood cell counts were unaffected 
by hemorrhagic shock or treatment with interferon-gamma 
and LPS (Table). Administration of LPS alone increased bone 
marrow cellularity in sham-treated animals (P<.05). Bone 
marrow white cell counts decreased after LPS administration 
in shocked animals, but this difference was not statistically 
significant. 

The data for total CFU-GM per femur are shown in Fig 1. 
The CFU-GM clusters consistently represented 50% te 65% 
of the total CFU-GM, and the percentage of clusters to total 
CFU-GM was unaffected by either shock, LPS administra- 
tion, or interferon-gamma administration. Untreated 
shocked animals had significantly more CFU-GM per femur 
than sham-treated controls. Sham-treated animals demon- 
strated the normal myelopoietic response to a challenge with 
LPS by increasing CFU-GM to almost twice that for controls 
(24+7 for controls vs 43+6 for LPS-treated rats; P<.05). 
Conversely, shocked animals demonstrated a significant de- 
crease in CFU-GM following LPS administration. Interferon- 
gamma treatment increased the myelopoietic response to 


Interferon-gamma —Livingston — 101 


Total CFU-GM per Plate 





Sham 


Shock Shock + 


interferon-gamma 


Sham + 
Interferon-gamma 
Fig 2.—Graph demonstrating that serum olony-stimulating activity 
following lipopolysaccharide administration was unaffected by hemor- 
i i inistration. Colony-stimulating 

"Materials and Methods" 
section and is presented as the 95% confidence interval around the 
total number of granulocyte-macrophage c lony-forming units (CFU- 
GM) per plate. 


LPS in both sham-treated and shocked animals, and the 
absolute number of CFU-GM per femur were almost identical 
in both shocked and sham-treated rats. The addition of inter- 
feron-gamma appeared to restore the ability of the bone 
marrow to respond to LPS following orrhagic shock. 

The changes in CFU-GM produced by shock and interfer- 
on-gamma therapy were apparently not due to changes in 
circulating levels of CSFs (Fig 2). There were no significant 
differences in the serum CSA among any of the four groups 
tested. Serum from sham control rats does not support colony 
growth («10 CFU-GM per plate), and serum obtained from 
animals following hemorrhagic shock inhibitory CFU-GM 
growth." 









COMMENT 


The failure of the bone marrow to r 
myelopoietie stimuli following shock," s," and abdominal 
trauma has recently been identified as another aspect of the 
altered immune response following severe injury. The results 
of this study further define the changes in bone marrow CFU- 
GM following hemorrhagie shock and LPS administration. 
Rats resuscitated from shock respond paradoxically to LPS 
by a decrease in total bone marrow CFU-GM. In a previous 
study," bone marrow cellularity decreased proportional to 
the decline in CFU-GM when LPS was administered 24 hours 
following shock, and it was possible that the observed de- 
crease in CFU-GM was secondary to ypocellularity of the 
bone marrow. In the present study, total bone marrow white 
blood cell counts decreased slightly fol wing shock; however, 
the decline in CFU-GM was significantly greater than the 
change in cell count and represented a decrease in both the 
absolute number of CFU-GM and in the percent of precursors 
within the bone marrow pool. The sustained defect in myelo- 
poiesis, which occurred 3 days after resuscitation, is consis- 


pond appropriately to 
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tent with other data that demonstrated that hemorrhagic 
shock results in prolonged susceptibility to infection.” 

Bone marrow CFU-GM was significantly greater in 
shocked rats compared with sham-treated control rats. The 
interval between hemorrhagic shock and the retrieval of bone 
marrow in this experiment was 4 days. In contrast, no 
difference in bone marrow and splenic CFU-GM between 
shocked and sham-treated rats was noted when the cells were 
obtained at 48 hours.” While endotoxemia and bacteremia 
durmg hemorrhagic shock could account for the increase in 
CFU-GM, the timing of shock-induced CFU-GM proliferation 
wasssignificantly different from that which has been reported 
following administration of other myelopoietic stimuli.” In- 
hibitors to CFU-GM growth that appear in the serum soon 
after resuscitation and disappear 8 to 5 days following shock 
have been identified (D.H.L., unpublished data, 1990), which 
may also influence the timing of CFU-GM proliferation. 

Changes within the microenvironment of the bone marrow, 
either in the hematopoietic cells themselves or in the other 
cell populations, may be responsible for the reduction in CF U- 
GM following LPS administration in shocked rats. N ormal 
myelopoiesis is maintained in a steady state by stimulatory 
and inhibitory factors. A single cytokine (eg, tumor necrosis 
factor or interferon-gamma) may exert either positive or 
negative influences on hematopoiesis, depending on the con- 
centration present.” The LPS-induced proliferation of CFU- 
GM is mediated by the production of tumor necrosis factor, 
interleukin 1, and interleukin 6, which have direct effects on 
bone marrow precursors as well as effecting the release of 
CSF from other cells.” Hemorrhagic shock has been demon- 
strated to alter the production of cytokines from macro- 
phages,’ and it is possible that despite normal serum CSF 
levels, LPS administration following shock results in the 
production of other factors concentrated within the bone 
marrow that directly inhibit CFU-GM. Hemorrhagic shock 
may also change the sensitivity of bone marrow cells to myelo- 
poietic factors or the timing of CFU-GM proliferation in 
response to LPS. Madonna and Vogel” have demonstrated 
that LPS administration results in changes in the bone mar- 
row subpopulations that make them unresponsive to a second 
challenge with LPS.” 

That serum CSA remained constant despite changes in 
CFU-GM also implicates that changes within the bone mar- 
row following shock are responsible for the data presented. 
Colony-stimulating factors are produced by a number of cell 
types, including macrophages, fibroblasts, and lymphocytes. 
Depression of monocyte/macrophage function is believed to 
be the central defect in posttraumatic immune dysfunction; 
however, serum CSA production was found to be normal. One 
possible explanation for the lack of correlation between CSA 
and CFU-GM may be that while CSF production from macro- 
phages was depressed, production by other cell lines in- 
creased. Differences in the response to mitogens has been 
demonstrated between bone marrow macrophages and pe- 
ripheral mononuclear cells.” Because the effect of the CSFs 
are loeal and their appearance in the serum represents a 
systemic response, it is possible that serum CSF levels bear 
little relationship to their production and effect within the 
bone marrow microenvironment. 

Interferon-gamma administration inereased CFU-GM in 
all animals and appears to contradict reports that interferon- 
gamma is myelosuppressive. ^5 The administration of inter- 
feron-gamma to humans in clinical trials has demonstrated a 
decrease in circulating leukocytes." These studies have often 
employed doses of interferon-gamma that approach the maxi- 
mal tolerated dose and greatly exceed the optimal immuno- 
modulatory dose employed in the present study. Low-dose 
interferon-gamma administration has been reported to im- 
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ed 
















challenged with LPS, and the effect of interferon-gamma was 

- independentof serum CSA. Bone marrow from animals treat- 

~ ed with interferon-gamma but not challenged with LPS was 

-not evaluated, and the effect of this dose of interferon alone on 

CFU-GM growth is unknown. 

In conclusion, hemorrhagic shock results in profound 
changes witain the bone marrow and in myelopoiesis. Al- 
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DUNN, MD, Minneapolis, Minn: The data presented 
cv provide iw example of the dichotomy of leukocyte activation, 
- which, 0 one hand, serves tc protect the host and, on the other, 
may exert deleterious effects. Have you noted any dose effects with 
the administ-ation of either endotoxin or interferon-gamma cn mye- 
lopoiesis? Please comment regarding the sequence of events with 
regard to sepsis and myelopoiesis that occurred and whether the 
indicator used (myelopoiesis) bore a relationship to overall host sur- 
vival? Have vou studied any other putative mediators, such as tumor 
necrosis factor or CFU-GM activity, in this model? 
THOMAS K. HUNT, MD, San Francisco, Calif: Can you tell us 
whether shocked LPS suppressed donor cells rather than normal 
donor bone raarrow cells provided a better cell population to study in 
this particular hemorrhagie shock model? 
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CAROL L. WELLS, PHD, Minneapolis, Minn: Did the LPS dose . 
used produce lethality in this model? ur 

RICHARD L. GAMELLI, MD, Burlington, Vt: Would the presence of - 
an anemia alter the results? zt 

DR LIVINGSTON: A dose-response curve with interferon-gamma 
was not measured, but the dose used was indeed eapable of decreas- - 
ing the lethality of bacterial infection. The LPS was from a single lot. 
that had been frozen as aliquots and did not produce lethality in this _ 
model. The erythroid cell lines do not appear to be abnormal; thus, the - 
induced anemia plays little role in the effect examined. This model. 
mimics the clinical setting in which patients present in shock and 
subsequently develop infection. Control experiments in which the . 
effects of hemorrhagic shock on normal and shocked donor bone | 
marrow will be compared are planned for the future. 5 
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"Ronald A. Hinder, MD, PhD, Hubert J. Stein, MD 


Ji n the mammalian cell, molecular oxygen is essential for 
energy production through oxidative phosphorylation. 
Cell death will rapidly ensue in the absence of oxygen. Under 
normal circumstances, most of the molecular oxygen under- 
goes tetravalent reduction to water by the following intracel- 
lular eytochrome oxidase system: 

O,--4e^ - AH * $2 H,O 


However, under certain circumstances, univalent reduc- 
tion can occur with transfer of only one electron (e`), resulting 
in the release of highly reactive free radical intermediates. 
This presents an immediate and severe threat to the integrity 
of the cell. With this highly lethal potential for self-destruc- 
tion, itis clear that some form of natural protection is required 
in mammals with oxidative metabolism. This protection ex- 
ists in the form of endogenous antioxidants or enzymes, such 
as glutathione peroxidase, superoxide dismutase, and cata- 
lase, which are found in varying concentrations in most mam- 
malian cells , and which, under normal physiologie conditions, 
protect the cell from attack by free radicals. 

Under certain conditions, the release of free radicals may 
overpower the protective mechanisms, resulting in cellular 
damage. This is particularly seen in pathologic states, such as 
ischemia/reperfusion, radiation, organ preservation prior to 
transplantation, stress ulceration of the foregut, acute renal 
and hepatic failure, pancreatitis, adult respiratory distress 
syndrome, ulcerative colitis, and certain inflammatory disor- 
ders. Increased oxygen radical generation or a compromised 
endogenous defense system have also been implicated in car- 
cinogenesis due to direct DNA damage, the aging process, 
toxicity with certain chemicals and chemotherapeutic agents, 
retrolental fibroplasia, cataract formation, atherosclerosis, 
and emphysema." This essay will examine the following 
questions: What are free radicals? Hew are they produced? 
What effect do they have on cells? How ean they be removed? 
How can they be measured? What are the practical benefits of 
this knowledge for the surgeon? 

A free radical is defined as any stom or molecule in a 
particular state with one unpaired electron in outer orbit.*" 
The conversion of molecular oxygen to toxic oxygen radicals 

. occurs by single eieetron transfer by the mitochondrial or 
microsomal electron transport chain cr through oxidant en- 
zyme systems, such as xanthine oxidase, aldehyde oxidase, 
flavin dehydrogenase, amine oxidase, eyclooxygenase, and 

=- lipooxygenase.* The potentially cytotexic species of oxygen 
include the superoxide radical (O, , hydrogen peroxide 

(H,Oj, and the hydroxyl radical (OH), which may be pro- 

, duced by one of the following reactions: 

0,-e $0, 
0, +2e° +2H* $ H,O, 

| O; +H,0, +H’ 0, - HLO-- OH 

.. The intestine is rich in xanthine dehydrogenase, which, 

„during ischemia, is converted to xanthine oxidase. During 

reperfusion after ischemia, xanthine oxidase catalyzes the 

_ conversion of hypoxanthine to urate with release of the super- 

-oxide radical O, and hydrogen peroxide. The latter reaction 

-is catalyzed by transition metals, such as iron and copper, or 
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chelates of these metals.'*" Another reaction in the genera- 
ticn-of free radieals is the combination of hydrogen peroxide 
and chloride ions catalyzed by myeloperoxidase to produce 
hypechlorous acid, which in salt solution becomes the bacteri- 
cicai agent hypochlorite." The hypochlorite ion acts as a 
substrate for the generation of hydroxyl-free radicals and is 
able to oxidize adenine nucleotides, cytochromes, and iron- 
su fur proteins rapidly and irreversibly. 

The release of these toxic metabolites results in damage to 
many components of the cell, including sulphydry] oxidation 
leading to cell-wall and enzyme destruction, damage to DNA, 
degradation of collagen, depolymerization of lipids, and lipid 
peroxidation. This severely damages the cell membrane, pro- 
ducing loss of flexibility and breakdown of the membrane 
secretory function and transmembrane ionic gradients.” Hy- 


poehlorite inactivates a,-antiproteinase inhibitor and acti- 


vates neutrophil collagenase.” 


There is evidence that much of the tissue injury during | 


reperfusien is caused by oxygen radicals generated in the 
extracellular space, close to the endothelium of small vessels 
supplying the tissues." These cells are rich in xanthine oxi- 
dase, which places the endothelial cells at particular risk 
against free radical damage." Endothelial damage can lead to 
mierovaseular stasis and further ischemia in the reperfusion 
period, which may be the lethal effect. 

Another early event in tissue damage is the release of 
plazeiet-activating factor, which is associated with leukocyte 
adherence to the vessel wall in the area of the damage. This 
adhesiveness of leukocytes is facilitated by leukocyte adhe- 
sive glycoprotein, which is increased in ischemia/reperfusion 
anc with cellular injury. Because of their natural role in 
protection against bacterial invasion, leukocytes have the 
potertial to release large amounts of free radicals. It is be- 
lieved that much of the endothelial and cellular damage in 
ischemia/reperfusion is augmented by oxygen radical release 
inte the extracellular space by leukocytes. This is supported 
by the observation that peroxide generated in the extracellu- 
lar medium potentiates the lysis of endothelial cells in vitro." 
Furthermore, most free radicals do not travel far from their 
site of formation. The mean effective radius of hydroxyl radi- 
cals is about 3 nm, and it has a half-life of a few milliseconds." 
Wound neutrophils have a higher ability to release reduced 
niectinamide-adenine dinucleotide oxidase-dependent free 
radicals than circulating electrolytes,“ and less ischemic bow- 
el damage occurs in neutropenic animals.'*? That this is an 
extracellular mechanism is supported by the fact that exoge- 
nouslv given superoxide dismutase and albumen-bound su- 
perexide dismutase, molecules too large to enter the cell, 
protect against oxidative injury. ^? 

A variety of mechanisms exist that scavenge free radicals 


as they are formed. They include superoxide dismutase, 
whieh converts superoxide to hydrogen peroxide and gluta- 


thione peroxidase and catalase, which convert hydrogen per- 
oxide to water. Glutathione reductase maintains glutathione 
inits reduced form. Besides its antioxidant effect, glutathione 
may a.so be protective to the cell in its ability to synthesize 
precursors of DNA, reduce protein disulfide linkages, assist 
in interorgan amino acid transport, store cysteine, act as a 
coenzyme for several enzymatic systems, biosynthesize leu- 
kotrienes and prostaglandins, and affect other cellular 
functiens. 

Protection is also afforded by antioxidant vitamins C and E, 
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.. cysteine, cys 
. oxidation of ferrous iron to the ferric state and which is less 
: active in converting hydrogen peroxide to hydroxyl radicals. 
< "The mitochondrial cytochrome oxidase system acts as a sink 
y removing oxygen that might otherwise be converted to 
e radicals.” Exogenous substances, such as mannitol, allo- 
-purinol, dimethylsulfoxide, folie acid, and pterin aldehyde ean 
-algo be used to counteract the free radical effect by inhibiting 
the action of xanthine oxidase or other oxidating enzymes. 
^ The calcium-channel blocker verapamil has recently been 
- shown to protect against ischemia/reperfusion injury, proba- 
bly by blocking the conversion of hypoxanthine to xanthine 
. oxidase." Used in the treatment of ulcerative colitis, 5-amino- 
< salicylic acid is a specific scavenger of hypochlorite and may 
exert its beneficial effects by this mechanism." 
^. Beeause cf the difficulty in measuring free radicals directly, 
most studies have relied on indirect means, such as measuring 
*. the decrease in cellular damage afforded by exogenous scav- 
t. engers, including superoxide dismutase or catalase, or by 
- xanthine oxidase inhibitors, such as allopurinol. These stud- 
ies have been criticized because there is no proof that damage 
is indeed due to free radicals. In tissues such as the liver it is 
highly unlikely that the endogenous glutathione peroxidase 
defense mechanisms could easily be overwhelmed.” 

Evidence of cellular destruction can be obtained by measur- 
ing malonyidialdehyde and conjugated dienes as markers of 
lipid peroxidation in ischemic tissues. The level of glutathione 
or the ratio of oxidized to reduced glutathione in tissues can be 
used to measure the extent of glutathione activity. These are, 
however, also indirect techniques and may simply be a mea- 
sure of cellular damage and not specific markers of free radical 
damage. In other experiments, infusions of chemicals releas- 
ing free radicals have resulted in tissue damage, which can be 

.- prevented by scavengers.” Luminol-dependent chem:lumi- 
* nescence is a direct way to measure toxic oxygen metabolite 
__ produetion.” Luminol reacts with toxic oxygen metabolites to 
- . produce an excited state, and measurable light is released 
- when luminol returns to the ground state." Electron-spin 
resonance spectroscopy has also been used. Measuring eth- 
ane and pentane, formed in small quantities during lipid 
peroxidation, is another form of detection of free radicals. As 
more experimental evidence mounts, it is becoming clear that 
free radical release is responsible for damage during many 
pathologie states. 

Despite all this knowledge concerning free radicals, few 
practical benefits have emerged. Allopurinol and glutathione 
are added to allograft preservation fluids. Most efforts are 
directed at the cause of damage, with a resultant decrease of 

... free radical release. These efforts include decreased duration 
'* of ischemia, cooling, maintenance of good nutrition, and ade- 
- quate tissue perfusion. Recombinant human superoxide dis- 
xutase and monoclonal antibodies to platelet activation fac- 

‘ll decrease leukocyte adherence, are being 






















pe e dismutase has been of little practical value in 
. vivo because of its short half-life. This can be prolonged by 
attaching it to albumin, which increases its half-life from 
minutes te at least 8 hours.” However, polyethylene-conju- 
gated catalase was not found to be of value in experimental 
acute pancreatitis." Despite the theoretical value of vitamin 

E in doxorubicin toxicity, it has not been found to be of clinical 
value, and allopurinol has not been of value in chronic bowel 
ischemia.” Orgotein, a preparation of bovine superoxide dis- 


mutase, has been reported to be of benefit in treating rkeuma- 





a c 


toid arthritis, Duchenne-type muscular dystrophy, and radia- 
tion-induced cystitis, but further controlled trials are needed 
confirm this." Nevertheless, it should not be long before 
patients with tissue ischemia can be protected by specific 


itments against free radicals, resulting in improved tissue 
ability and survival. 
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With Autogenous Caval Graft Replacement 


Charles M. Miller, MD; Myron E. Schwartz, MD; Takashi N ishizaki. MD 


e Right-sided and caudate hepatic lobectomy with resection 
of the retrohepatic vena cava were performed in a 34-year-old 
woman with recurrent adrenal carcinoma. The vena cava was 
replaced with a graf constructed from autogenous superficial 
femoral vein. inciuced herein is a review of the literature detailing 
the three previous!y reported cases of combined hepatic and 
caval resection; to our knowledge, there are no prior reports of 
the use of an autogenous vein graft in this setting. With surgical 
and anesthetic techniques, including total vascular exclusion of 
the liver and venoverous bypass, methods that were developed 
in large part through experience in liver transplantation, this type 
of surgery can be performed with a high rate of success. 

(Arch Surg. 1991:126:106-108) 


\ A ] ith modern surgical and anesthetic methods, resection 

of up to 75% of the liver can be safely performed.’ 
Tumor involvement of the retrohepatic vena cava, however, 
is often believed to preclude surgical therapy; in a review of 
the literature we feund only three documented cases of com- 
bined hepatic and eaval resection. This report details a case of 
right hepatic lobectomy with complete excision of the retro- 
hepatic vena cava and its replacement using an autogenous 
vein graft. 


REPORT OF A CASE 


| A 34-year-old woman presented with recurrent adrenal tumor 
Involving the liver 3 years after a right adrenalectomy, A computed 
. . tomographic sean (Fig 1) revealed tumor in the ri ght hepatie lobe and 
in the right and left portions of the caudate lobe surrounding and 
-— ¢ompressing the inferior vena cava, Venaeavography (Fig 2) re- 
<; vealed a marked narrowing of the retrohepatic vena cava at the level 
of the tumor. 

- During surgery the suprarenal and suprahepatic portions of the 
vena cava were dissected as were the structures in the porta hepatis. 
‘The right hepatic artery, portal vein, hepatie duct, and hepatic vein 
were divided. Total vaseular isolation of the liver was then instituted 
with infrahepatie and suprahepatic occlusion of the vena cava and 
eross-elamping of the porta hepatis. Transection of the liver paren- 
chyma was aecomplished rapidly; the vena cava was then divided 
approximately 1.5 cm below the left hepatic vein and again 2 em above 
the right renal vein. This enabled the en bice resection that included 
€ entire right lobe, the left and right portions of the caudate lohe, 
and an 8-em segment of retrohepatie vena cava (Fig 3). After removal 
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of the specimen, the suprahepatie clamp was repositioned below the 
left hepatic vein and the hilar clamp was released to allow reperfusion 
of the left lobe of the liver, 

Prior to parenchymal transection, a 20-cm length of superficial 
femoral vein was harvested from the right thigh (Fig 4) and divided 
intc two segments of equal length, each of which was filleted longitu- 
dinally. The long edges of the two rectangular segments were then 
approximated with running 6-0 polypropylene suture, yielding a 
grat 10 cm in length and 2.5 em in distended diameter (Fig 5). 

After obtaining hemostasis of the transected liver edge, the graft 
was anastomosed end to end to the upper caval cuff with a running, 
everting, 4-0 polypropylene suture. The graft was noted to be about 2 
em longer than the caval defect. It was therefore folded back on itself, 
much like a “French cuff,” allowing intima-to-intima approximation 
whi'e fashioning the graft to the precise length required (Fig 6). The 
lower anastomosis was then performed with a running 4-0 polypro- 
pylene suture employing "growth factor,” wherein the eontinuous 
suture is tied, leaving slack beyond the knot. This method allows for 
expansion of the anastomosis on refilling and is routinely used for 
larg» venous anastomoses in liver transplantation. Hypotension and 
gross hematuria were noted during the period of caval occlusion, but 
on recpening of the vena eava, normal blood pressure was restored 
and hematuria resolved rapidly. 

The postoperative course was uneventful, with liver enzyme and 
bilirubin levels returning to normal within 3 days; the patient was 
discharged on the 14th day after surgery. The final pathologic diagno- 
sis was metastatic adrenal carcinoma with invasion of the vena cava, 

At the 16-month follow-up, a repeated computed tomographic sean 
with centrast revealed no evidence of recurrent tumor; cavography 
revealed the graft to be patent (Fig 7). There was no swelling in either 
lower extremity, and evaluation of venous function in the vascular 
laboratory using strain-gauge plethysmography" revealed no detect- 
able physiologic abnormality. 


COMMENT 


As surgical and anesthetic techniques common to both 
resection and transplantation of the liver have improved, a 
wide variety of benign and malignant hepatic tumors have 
beer rendered surgically treatable. One of the critical techni- 
cal points of hepatic resective surgery is the mobilization of 
the l: ver from the retrohepatie vena cava and the isolation and 
division of the hepatic veins. Impingement on or infiltration of 
the retrohepatic vena cava by tumor has thus been considered 
by many to eontraindieate attempts at resection. Recent 
reports have appeared in the literature describing cases of 
hepatis resection with the use of total hepatic vascular isola- 
tion.’ This method, along with intimate knowledge of the 
venous anatomy in and around the liver, has made replace- 
ment of the vena cava at the time of hepatectomy possible. 
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Fig 1.—Computed tomographic scan showing tumor nodules in the 


right and caudate lobes. 





Fig 2.—Cavogram illustrating compression of the vena cava by tumor. 
The small arrow indicates the left renal vein; the large arrow, the tumor. 


Three cases of combined extended right hepatic lobectomy 
(trisegmentectomy) and retrohepatic vena cava replacement 
have been reported'^"; these are summarized, along with the 
current case, in the Table. In our patient, a right hepatic 
lobectomy with concomitant resection of the caudate lobe and 
vena cava was performed. This is the first report, to our 
knowledge, of vena cava replacement using an autogenous 
graft; previous reports have described the use of Dacron,' 
expanded polytetrafluoroethylene, or iliac vein homograft.’ 

Fresh autogenous vein is, in general, the preferred materi- 
al for veneus replacement, providing the most nonthrombo- 
genic and infection-resistant graft available. We consider the 
use of autogenous tissue to be particularly important in this 
application because of the recognized incidence of subphrenic 


eollection postoperatively, which could lead to graft or su- 
ture-line infection. 
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Fig 3.— Extent of en bloc resection. 
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Fig 4.—Method of vein-graft harvest. 
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Fig 5.—Back-table preparation of the vein graft. 
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Fig 6.— Completed resection and caval replacement. 


Source, y Age, y/Sex 


Starzl et al,’ 1980 ?IF 





lwatsuki et al,° 1988 54/F Leiomyosarcoma 
















Adrenal cortical 
carcinoma 


Present case 34/F 


*IVC indicates inferior vena cava. v, vein. 
TePTFE indicates expanded polytetrafluoroethylene. 


is infrequently used 
as a venous graft, its use hes been detailed by Schulman and 
Badhey' for femoropoplitea. replacement, with few reported 
complications. In our case, removal of the superficial femoral 
vein resulted in no sequelae; moreover, no physiologic abnor- 
mality in venous function could be detected using strain- 
gauge plethysmography. Ey doubling the diameter of the 
superficial femoral vein, th» graft fit inferi 
perfectly. The French cuff technique used to tailor the length 
ofthe graft preserved the insegrity ofthe running suture lines 
on either side of the graft and facilitated intima-to-intima 
approximation on the back wall of the anastomosis. 

The use of femoral to axillary venovenous bypsss' as an 
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patic resection under total 


108 Arch Surg— Vol 126, January 1991 





R and 
caudate 
lobes, IVC 





Fig 7. — Cavogram 16 months after surgery demonstrating patency of 
the caval graft. 


Characteristics of Reported Cases of Combined Hepatic Resection and Caval Replacement 
IVC 


Location 


Venovenous 


Diagnosis of Lesion* Reconstructiont Survival Bypass 
epatoma R lobe, IVC, Cadaver, vena 20 d Not mentioned 
L hepatic v cava, iliac v postoperatively 
Kumada et al.* 1988 56/M epatoma R lobe, ePTFE graft 12 mo, Yes 
R hepatic v alive and well 


R lobe 


12 mo, Not mentioned 


alive and well 


12 mo, 
alive and well 


Dacron graft 


















Superficial 
femoral v 










adjunct to total vascular isolation of the liver should always be 
considered. In our case, there was marked stenosis of the cava 
preoperatively, and test clamping of the vena cava prior to the 
initiation of vascular occlusion did not seem to produce hypo- 
tension of a degree serious enough to warrant its use. Never- 
theless, during the period of caval occlusion, significant hypo- 
tension and hematuria were noted. Although resolution 
occurred promptly on the restoration of caval flow, more 
stable hemodynamics could have been obtained had venous 
bypass been used. This technique may have particular value 
in older individuals or in patients with questionable cardiac 
status. 
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ower Extremity Arterial Disease in 
Systemic Lupus Erythematosus 





Michael J. Wheatley, MD; Hani A. Hennein, MD; Lazar J. Greenfield, MD 


e Lupus vasculitis primarily affects microvascular circulation, 
and large-vessel thrombosis is a rare complication of this dis- 
ease. Large-vessel occlusive disease in systemic lupus erythe- 
matosus is most likely related to hypercoagulability in addition to 
immune complex-mediated endothelial damage. We describe 
sso Welithané 12th patients reported to have systemic lupus eryth- 
/.. ematosus end macrovascular occlusive disease of the lower 

+- extremities. Our experience anda review of the literature suggest 

< that, while aortoillac disease is amenable to bypass or endarter- 

| nf-ainguinal disease is rarely correctable surgically, 
and amputation becomes necessary in most of these patients. 


(Arch Surg. 1991;126:109-110) 





ithough small-vessel arterial insufficiency is a well-docu- 

EM. mented cause of limb-threatening ischemia in patients 
with systemic lupus erythematosus (SLE) we recently 
treated two young women with SLE and macrovascular arte- 
ial occlus-ve disease. They are the lith and 12th patients 
reported to have SLE and documented arterial, large-vessel 


.... occlusive disease of the lower extremities. The course and 


management of these two patients underscore some basic 


in te evaluation and treatment of ischemia in patients 









REPORT OF CASES 
: an presented for evaluation of pro- 
mia of the left foot. She was diagnosed with SLE 15 
Eb. Symptoms incluced arthritis, pericarditis, pleuritis, 
and Raynaud's phenomenon. Serologic tests were positive for antinu- 
dear antibedy and double-stranded DNA. She first noted a dusky 
discoloraticn of her left toes in 1987, but, in May 1989, she developed 
rapidly increasing toe pain and worsening discoloration. On examina- 
tion, pe 


34-year-old woman 





al pulses were easily palpable. Vasodilators provided little 





ees benefit, and angiography was performed at a nearby hospital, reveal- 


. ing normal lower-extremity vasculature, except for attenuation of 
the left tibial-peroneal trunk, which showed distal reconstitution. In 
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addition, the left plantar arch was poorly visualized on the angio- 
gram. À sympathectomy was performed in June 1989 with no sympr- 
tomatie relief. Shortly thereafter, she developed cellulitis of her left. 
toes that rapidly progressed to dry gangrene. She was transfersed to 
the University of Michigan, Anr. Arbor, for further management. a 
On presentation, her pedal pulses were now nonpalpable, and the 
ankle-brachial index was 0.54 for the left foot. Gangrene and celulitis 
were present, and a left guillotine transmetatarsal amputation Was . = 
performed. Pathology revealed vessel thrombosis without active 
vasculitis. Results of follow-up serologic tests were positive for anti-. 
cardiolipin antibody. Due to hypercoagulability and poor blood out- 
flow caused by small-vessel disease, arterial bypass was believed to... 
be contraindicated. Eight days after surgery, her stump was noted to ^ 
be ischemic, and she was given anticoagulants. A second angit gram. E 
was performed and revealed an occlusion of all three trifurzation | 
vessels of the left leg, with two-vessel distal reconstitution :o the - 
foot. Her ischemia resolved with antieoagulant therapy. Thirty-five —— 
days after surgery, she quickly developed a cold right fod. An i 
angiogram of the right foot demonstrated distal right tibiel and D 
peroneal arterial spasm. She was treated with steroids and vasodila- ^ 
tors, and her vasospasm resolved within 24 hours. The remainder of - 
her hospital stay was uneventful. She was discharged 45 days after 
surgery receiving warfarin sodium and diltiazem hydrochloride. |. ^. 
CASE 2. —A 14-year-old girl presented for evaluation of a 6-month 
history of progressive, debilitating claudication of the left thigh and. 
calf. She had been diagnosed with SLE in 1986 after developing 
vascuiitis, arthralgias, nephritis, and cerebritis. Results of serologic. 
tests were positive for antinuclear antibodies and anti-DNA artibod 
ies, Noninvasive vascular studies revealed a left ankle-brachia. inde: 
of 0.29. Subsequent arteriography demonstrated isolated, exter 
stenosis of the left iliac artery; an occluded, superficial femoralart 
at the adductor hiatus; absence of the trifurcation; and reeonsttw 
of the anterior and posterior tibial arteries at the ankle. In aug 
1987, due to disabling symptoms, she underwent an end-to-end 
pass from the left internal iliac artery to the left external jliacart 
with excision of the diseased portion of the external iiacartery. He 
postoperative ankle-brachial index was 0.48, but rose to C.T8 on 
follow-up 2 years later. She ne longer had claudication, but p'ogres-- 
sion of SLE had limited her physical activity. NC 


COMMENT 


As is typical,'* our two patients were young females wit 
SLE who rapidly developed debilitating vascular ocelus 
disease. The first patient's presentation with toe diseo 
ation, rather than claudieation, suggested small-vessel: 
ease, which was confirmed on the initial angiogram. M 
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monstrated on a subsequent angiogram, compromised in- 
ow of blood to her already diseased, small arteries. This 
resulted in worsening toe ischemia, gangrene, and ultimate- 
__ ly, transmetatarsal amputation. In contrast, our second pa- 
tient presented with claudication that improved following 
external iliac bypass. Her vascular wave forms did not sug- 
gest any concomitant small-vessel disease, and she did not 
suffer distal tissue loss. 

Thrombosis of large vessels in patients with SLE is unusu- 
al, as lupus vasculitis is primarily a small-vessel disease °° 
The accelerated course of macrovascular occlusive disease in 
SLE is underscored by our first patient, in whom two angio- 
grams performed 3 months apart revealed progressive occlu- 
sion of all three left trifurcation vessels with on.y anterior 
tibial reconstitution. 

The frequent occurrence of thrombosis in patents with 
SLE is well documented and is most likely relatec to hyper- 
coagulability added to immune complex-mediated endotheli- 
al damage.’ Serologic evidence of hypercoagulability, the so- 
called lupus anticoagulant, is found in only 10% to 15% of 
patients with SLE.’ Although this subgroup clearly has an 
increased rate of complications from thrombosis, hypercoa- 
gulation-related complications are well documented even in 
the absence of the lupus anticoagulant."" In addition to this 
tendency to hypercoagulation, the immune complex deposi- 
: . tion eharacteristie of lupus vasculitis can lead to small, necro- 

<- tizing lesions in the vessel endothelium that promote an 
. intense vasospastic response.' This endothelial injury stimu- 
lates intimal and subintimal fibrosis and accelerated thrombo- 
genesis of the injured vessel wall.'? Vasospasm, in concert 
with a thrombogenic endothelium and a tendency to hyper- 
coagulation, ean provoke rapid large-vessel thrombosis, 
which occurred in our patients. The arterial spasm noted 
angiographically in the right leg of the first patiert may be 
related to endothelial cell injury from early immune complex 
deposition. Although the ischemia in her right leg resolved 
with anticoagulation, vasodilators, and steroid therapy, the 
natural tendency of SLE-induced vascular lesions is :o heal by 
organization, a process that continues during disease remis- 
sions induced by steroid therapy.” Thus, our patients are at 
5... isk for progressive, large-vessel occlusive disease, since 
_. both have clinically active SLE and presumed ongoing im- 
mune complex depesition. Steroids, if administered at the 
|... onset of vasculitis, may limit immune complex deposition and 
minimize endothelia! damage, but this therapy has not been 

(0. proven. 
Only 10 patients with SLE and macrovascular 3ceelusive 
.. disease of the lower extremities have been described to 
.. date." This limited experience suggests that while cortoiliac 
disease is amenable to bypass or endarterectomy, infrain- 
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ely, the progression of large-vessel occlusive disease, as- 





| guinal disease is rarely correctable surgically. Of the eight 


patients documented to have SLE and infrainguinal disease, 
one improved following femoral endarterectomy,! and one 
following sympathectomy.’ The remaining six have either 
required amputation or have ischemice rest pain despite vari- 
ous combinations of endarterectomy, bypass, and sympathec- 
tomy.” These poor results are most likely due to the coexis- 
tence of hypercoagulability and poor outflow of blood caused 
by occlusive disease of the small vessels that is commonly 
found in SLE.’ As in our first patient, lumbar sympathectomy 
has been of little benefit in reversing tissue loss. Streptoki- 
naseor urokinase may be of some value in the management of 
acute infrainguinal arterial thrombosis, but documented, 
poor long-term results underscore the significance of the 
endothelial fibrotic response that leads to end-stage vascular 
occlusion. The management of such occlusion in infrainguinal 
disease is probably limited primarily to amputation."" Our 
experience, as well as that reported in the literature, sug- 
gests that infrainguinal bypass or thrombectomy may be 
beneficial only in the rare instance in which a patient without 
the lupus anticoagulant presents with an isolated, large-ves- 
sel stenosis and no evidence of distal, small-vessel disease 
that might compromise the outflow of a bypass procedure. 
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e The poor survival rate of patients with extrahepatic bile duct 
tumors is well documented. Over the course of 4 years, we 
treated a white woman with diabetes diagnosed with histologi- 
cally proven adenocarcinoma of the common bile duct with six 
injections ef dihematoporphyrin ether followed by seven photo- 
dynamic therapy treatments to the biliary duct. As of July 1989, 
the patient was still alive, was not jaundiced, and had a Karnofsky 
performance status of 70. No changes occurred in any blood 
chemistry value from the time of injection to the time of photody- 
namic therapy. Of the transient elevations of some blood chemis- 
try values and the white blood cell count, which occurred within 
24 to 48 haurs after photodynamic therapy, only those of alanine 

- =- aminotransferase, aspartate aminotransferase, and amylase 
4 were significant. 
(Arch Surg. 1991;126:111-113) 


he poor survival rate of patients with tumors of the 
extrahepatic bile ducts is well documented.” Indeed, the 

variety of treatments—surgical resection, intestinal bypass- 

es, surgieal catheter drainage, placement of internal and 
external biliary catheters, external irradiation, and intralu- 
minal irradiation—is testimony to their inadequacy. Since 
1982, we have been studying the efficacy and side effects of 
photodynamic therapy (PDT) using hematoporphyrin deriva- 

tive or dihematoporphyrin ether (DHE) as the sensitizer in 

<> the treatment of various malignant neoplasms.“ When the 
iw photosensitizer is injected intravenously, it disseminates 
| throughout the entire body. For reasons not yet understood, 
the sensitizer begins to clear rapidly from normal tissue while 
remaining in tumor tissue. After 2 days, the cancer cells 
contain more sensitizer than does the adjacent normal tissue. 
- Hematoporphyrin derivative and DHE absorb light at cer- 
ain visible wavelengths. Although the greatest absorption 









‘occurs inthe 405-nm range (blue-green), another absorption 
- . peak occurs in the 630-nm (red) range wavelength and is 
^o. . preferred for this treatment because of its increased ability to 

penetrate tissue. When the light is absorbed, the dye is 
-activated and singlet oxygen’ is produced, causing ceath to 

-.. tumor tissue. Normal tissue remains relatively unharmed 
: because it no longer contains sufficient dye to cause a reaction 

` at the given light doses." 
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In June 1985, we administered intraductal PDT to a pazient 
with a common bile duct tumor. This report summarizes our 
experiences, ineluding the procedure technique, blood chem- 
istry changes, and the patient’s subsequent clinical course. To 
our knowledge, this is the first report of PDT for the treat- 
ment of tumors of the extrahepatic biliary ducts. 


METHODS 
Case History 


A 57-year-old white woman with diabetes underwent a chaecys- 
tectomy in April 1985 when exploration of the common bile duet 
revealed histologically proven adenocarcinoma of the eommon bile 
duct (Figure). A T tube was inserted. 

In June 1985, the T tube was still in place. The patient was not im 
jaundiced, weighed 105 kg, and had a Karnofsky performance status. 
of 90. Two days after intravenous injection of 2 mg/kg of DHE, the 
patient underwent reexploration and intraluminal PDT to the com- 
mon, right, and left hepatic ducts using a cylinder-diffusing fiber — 
passed through a choledochoscope. A U tube was then inserted, = — 
coursing through the skin; liver; right hepatic, common hepatie, and ——— 
common bile duets; duodenum; and then out through the skim. The — 
patient then underwent five more injections of DHE and six PDTsto | 
the biliary duct during the next 4 years. In November 1988, a second =- 
U tube was inserted to drain the left hepatic duct. In August 1939,the ^ 
patient had a Karnofsky performance status of 70, was not jaundiced, .— 
and had the second U tube removed because of leakage around the =o 
tube. The first U tube remained in place. While one rose dees. not ^. 
make a summer, this patient's clinical course certainly indicates the ^. 
need for more study of PDT for the treatment of cancer of the 
extrahepatic bile duets. 


















Treatments 


Dihematoporphyrin ether, 2 mg/kg (Johnsen & Johnson, Raritan, ^ 
NJ; Lederle, Pearl River, NJ), was injected intravenously tarough | 
0.5% normal saline 2 to 4 days before PDT was performed except - 
before treatment 7, when the dye was injected 12 days before PDT. 
The 630-nm red light used for PDT was generated by a tunable dye 
argon laser system (model 171, Spectra Physics, Mountain View, — 
Calif) using Kiton red (Exciton, Dayton, Ohio) and a bireftingent. 
filter. This light was coupled to a quartz fiber whose distal end was. 
modified with a cylinder diffuser tip (Laser Therapeutics, Columbus, : 
Ohio) to direct the light perpendicular to the fiber axis. | 

The total power (milliwatts) emanating from the diffuser tip was. 
measured with an integrating sphere radiometer ‘model 611, United 
Detector Technology, Hawthorne, Calif) This measurement was. 
divided by the length of the diffusing tip (centimeters) to calculate the - 
power per centimeter of diffuser in milliwatts per centimeter of fiber. - 
The result was multiplied by the number of seconds of treatment to. 
provide the number of joules delivered per centimeter of diffusing 
fiber. wu ora 
All PDT sessions were performed by passing the fiber through the 
biopsy channel of a choledochoscope; the first treatment was accom 
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PDT administered 
mW/cm of diffusing tip 


J/cm of diffusing tip 200 


Serum amylase, UAL xd 
Total bilirubin, prnolAL 10-18 
Alkaline phosphatase, U/L Eo 


*CHD indicates common hepatic duct; CBD, 
aminctransferase; and ellipses, no change. The 















ommon bile duct; LHD, left hepatic duct; RHD, right hepatic duct; AST, aspartate aminotransferase; ALT, alanine 
o values for bleod chemistry variables represent changes from pre- to post-PDT values. Normal values for AST 









are 12 to 45 U/L; ALT. 7 to 40 U/L; total bilirubin, 4 to 18 uumol/L; and alkaline phosphatase, 37 to 107 U/L. 


TPDT was administered twice. 
PDT was administered four times. 


Histopathologic features of adenocarcinoma of the bile duct. 


plished intraoperatively by passing a choledochoscope through the 
common duct. Subsequent treatments were made by passing the 
choledochoscope through the U-tube tract. The involved areas were 
then segmentally irradiated with 630 nm of light. Serial serum blood 
chemistry studies were performed from sa ples obtained before 
injection of the sensitizer until several days after each photodynamie 
therapy and periodically thereafter. 


RESULTS 


Over the course of 4 years, the patient underwent seven 
treatments with PDT. No changes occurred in ary blood 
chemistry values from the time of injection to the time of 
PDT, which varied from 2 to 4 days, even when they were 
elevated at the time of injection of DHE. There were no 
changes in insulin requirements. 

After PDT, no acute changes were noted in levels cf serum 
albumin, total protein, serum urea nitro gen, creatirine, se- 
rum urea nitrogen to creatine ratio, phosphorous, uric acid, 
caleium, prothrombin time, partial th omboplastin time, 
platelet counts, or insulin requirements. All elevations of 
those serum chemistry values that did cha: ge and whice blood 
cell count occurred within 24 to 48 hours after PDT and 
rapidly returned to pretreatment levels in a few days. Only 
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the amylase, alanine aminotransferase, and aspartate amino- 
transferase levels showed significant but transient elevations 
on several occasions. The serum bilirubin level also rose, 
although only slightly (Table 1). 

After the first PDT, which was performed in conjunction 
with an exploratory laparotomy, common bile duct explora- 
tion, and insertion of a transhepatic U tube, the white blood 
cell count rose from 8 to 15 x 10°/L but returned to normal 
within a few days. After all of the remaining six PDTs, the 
white blood cell count rose minimally or not at all from pre- 
treatment levels of approximately 5 to a maximum of 8 x 10°/L 
the next day. y-Glutamyltransaminase and alkaline phospha- 
tase levels rose once during two different treatment sessions. 

The U tube was changed twice. In both instances, choledo- 
choscopy was performed and general anesthesia adminis- 
tered using the same technique as that used for PDT. There 
were no acute elevations of any of the blood chemistry values 
or white blood cell count. Biopsy specimens from the common 
bile duct and common hepatic duct performed on June 20, 
1985, were positive and were negative after treatment until 
March 10, 1986, when the biopsy specimen of the common 
hepatic duct was positive. After additional treatment, both 
biopsy specimens remained negative until March 25, 1988, 
when the biopsy specimen of the common bile duct was posi- 
tive. Cytologic test results were also positive. Since then, all 
biopsy specimens and cytologic test results have been nega- 
tive. It must be emphasized, however, that due to inflamma- 
tion caused by the U tube, it is impossible clinically to differ- 
entiate inflammatory changes from possible tumor. In 
addition, biopsy specimens are small and negative results are 
not necessarily reliable. 

A cholangiogram performed on May 7, 1985, showed steno- 
sis of the distal common bile duct, but on July 30, 1985, no 
obstructions were seen. A cholangiogram performed on Sep- 
tember 30, 1986, was normal for the left hepatic duct; the 
right hepatic duct and common bile duct were irregular but no 
obstruction was found. On October 26, 1988, the left hepatic 
duct was completely obstructed, but after dilation it was 
completely open. One year after the patient's first PDT ses- 
sion, she underwent external irradiation to the porta hepatis. 
She was also able to undergo ionizing irradiation and pelvic 
surgery for an unrelated endometrial carcinoma 2 years after 
her first PDT, 
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| : Table de Mortality Rates ard Survival Times Associatec 
-. With Therapies for Bile Duct Tumors* 












Survival 
Time, mo 


Mortality 
Rate, % 








I ‘Hepatic resection 
.. Palliative resection/bypass"” 
Operative 5iliary intubation' 
Percutaneous biliary 
decompression' ™ 50 4.5 


| - External irradiation’? 
Internal irradiation combined with 
externa: irradiation'? *° 



















i *Ellipses indicate data were not avalable. 





“The patient became jaundiced 3.5 years after the first PDT 
session due to obstruction of the left hepatic duct. We believe 
this was due to stricture formation. After PDT to this area 
and insertion of a second U tube into the left hepatic duct she 
remained nonjaundiced and the tube was removed 7 months 
later. For the last 2 months, she has remained nonjaundiced 
with only one U tube in place in the right hepatic duct. Serical 
computed tomographic scans showed no evidence of metasta- 
ses until 4 years after the pazient's first PDT session, when 
metastases appeared in the right pleura. The patient has 
undergone irradiation for this but appears to be losing ground 
with weigh loss and anorexia but no jaundice. 


COMMENT 
Survival 


Surviva’ rates of patients with bile duct tumors has been 
distressing, regardless of the type of therapy given. The 
mortality rates and average survival times associated with 

various therapies are shown in Table 2. 


Changes in Serum Chemistry Values 


It is difficult to generalize about a treatment modality 
based on the results of one patient. However, the course of 
this particular patient has been documented and studied ex- 
tensively and does answer some questions about the efficacy 
and safety of PDT as a treatment for tumors in the biliary 
ducts. 

There has been concern over possible adverse effects on 
liver function from injection of the sensitizer in patients with 

z: elevated liver enzyme levels based on the knowledge that the 
7* liver retains higher concentrations of DHE. However, we 

ES ted LHE into our patient on two occasions when serum 
| bilirubin levels were elevated (bilirubin level at 
yjection was 5.7; at the sixth injection, 7.4) and no 
mes was noted until PDT was performed 4 and 
2 da; respectively. To date, we have injected hemato- 
porphyrin derivative or DHE in patients more than 700 times. 
No systemic reactions or any changes in the standard serum 
chemistry values and blood counts have occurred frem the 
injection cf the sensitizer itself. 

The serum amylase elevations noted after PDT may be 
related to complications inherent with treatment of the com- 
mon bile cuct. The highest elevation occurred after the fifth 
PDT session (Table 1) and may have resulted from overlap- 
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likely. The serum calcium level did not change. 
The aspartate aminotransferase and alanine aminotrans- 
ferase elevations appeared to be related to treatment of the — 
more distal hepatic ducts. Since no changes in the biood 
chemistry values occurred after the two procedures in whieh —.. 
the U tube was changed and no PDT was performec, it 
appears that the elevated chemistry values were due to the. . 
PDT and not the manipulations of the choledochoscope or- 
anesthesia. NM ee 
None of the blood chemistry levels rose after the seventh — 
PDT session, perhaps because this session occurred 13 cays 
after the injection of DHE and not enough residual sensitizer ' 
was present to cause a reaction withthelightdosage. |^. 


Advantages and Disadvantagesof PDT = 


As opposed to intraluminal x-ray therapy, PDT ear be 
administered repeatedly. We treated a patient with recur- . 
rent cancer of the colon with 10 injections of DHE withoutany 
side effects. A second advantage of PDT is that it requires lto ^. 
2 hours to perform compared with the prolonged exposure 
required for intraluminal x-ray therapy. vid 

The U tube permits easy access to the ductal system. - 
for cholangioscopy and retreatment. A single episode of sus- 
pected cholangitis (February 1987) cleared quickly with ad- 
ministration of intravenous antibiotics. To prevent bile drain- 
age around the U tube, occasional repositioning is necessary, a 
but this can be accomplished easily in the office. IS 

Solar photosensitivity, which can last for a month after ^. 
injection of the sensitizer, is often cited as a disadvantage of 
PDT. Patients are warned to avoid direet sun during this. 
time. However, the patient described herein experienced a 
minor sunburn only once during the 4 years since receiving 
her first injection. Indeed, patients who have undergone doth 
PDT and chemotherapy unanimously agree that photosensi- 
tivity is much easier to tolerate than the side effects of chemo- 
therapy. This patient has survived more than 4 years since 
the initial diagnosis of adenocarcinoma of the common bille —— 
duct. During this time, she underwent six injections of DHE — 
and seven PDTs and withstood radiation te the uterus and 
pelvic surgery (August 1987) for an incidental endometrial | 
cancer. a 
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Ihe Lucky Ones 
These children have cheated death. | 
Not long ago, each of them passed | 





through the ordeal of cancer. Modern | 


therapies administered to them at St. 


Jude Children's Research Hospital | 


saved their lives. 


Thousands of children live today | 
because of the love and dedication of 


St. Jude's researchers, doctors and 
nurses. 

But there was something else that 
saved the lives of these children — the 
many Americans who cared enough 
about the suffering of children to sup- 


| port a hospital devoted entirely to treat- 


ing childhood catastrophic diseases. 
St. Jude depends upon donations 
from concerned people to continue its 


work because no family is ever held fi- | 
, nancially liable for treatment costs in- | 
| curred at St. Jude. 
For more information on how you | 


can help save more children, write to 


St. Jude, P.O. Box 3704, Memphis, TN | 


38103, or call 1-800-877-5833. 






























































ST. JUDE CHILDREN'S 
RESEARCH HOSPITAL 


Danny Thomas, Founder 
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indatory Exploration for 
| rating Abdominal Wounds 


To DN Editor —In introducing their 
ur excellent review on exploratory celi- 
^. otomy for patients with truncal stab 
cos wounds, Sirinek and associates! note, 
- — “Introduction of the principle of man- 
datory exploration for all penetrating 
abdominal wounds during World War 
II resulted in markedly impreved mor- 
bidity and mortality rates." Although 
it may be a matter of diction, I believe 
we should date the introduction of the 
principle of mandatory expleration of 
penetrating abdominal war wounds to 
<c World War I when the British surgeon 
4 Cuthbert Wallace proclaimed, “No 
“man shot in the belly would be left to 
— Jie in a hospital bed in a civilian hos- 
pital. . .. Abdominal surgery, to be 
—— | suceessful, must be done at ence.” 
Under Wallace’s leadership, British 
surgeons rear the front were operat- 
ing on abdeminal wounds with success 
by the summer of 1915. For 3520 ab- 
dominal operations performed from 
July 15 tc September 19, 1917, the 
operative mortality was 53%, a 
marked improvement from the 6996 
mortality reported by British sur- 
== geons during the Boer war.? The prin- 
ciple of mandatory exploration for 
rating abdominal wounds was 
Jolly in the Spanish Civil 















American surgeons in 
during World War Il, 


. ; | bidity and Sheriality rates.? However 
ow the fat mae of expectant treat- 











‘aseribed te British surgeons in World 
-War I following Wallace's leadership 
-and. dictum, “It is better to look and 
e than tc wait and see.” 

Davo B. Avams, MD 
Charleston, SC 


t, Page CP, Root HD, Levine BA. 


'celiotomy necessary for all pa- 
meal stab wounds? Arch Surg. 
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EEG Monitoring in Carotid 
Endarterectomy 


To the Editor —We agree with many 
of the conclusions and observations 
made by Elmore and colleagues! in the 
June 1990 issue of the ARCHIVES re- 
garding monitoring for earotid endar- 
terectomy with computerized electro- 
encephalographic (EEG) brain 
mapping. However, in their discussion 
of our previous reports on this topic, 
they incorrectly cited the criteria we 
used. They said we used only new 
asymmetry as a criterion for EEG 
"change." However, we actually 
reported? on any significant EEG 
“change” on carotid cross-clamping, 
whether it was a new asymmetry or a 
generalized change from intraopera- 
tive preclamp baseline EEG. We only 
required that the change be substan- 
tially greater than the ordinary fluc- 
tuations seen during the routine base- 
line portion of the operation, prior to 
clamping. Many of the changes re- 
ported in our study were indeed gen- 
eralized changes of the EEG back- 
ground, including generalized loss of 
fast activity, increase in slow activity, 
or, occasionally, a generalized suppres- 
sion of the overall EEG amplitude 
aeross all frequency bands. Indeed, 
generalized changes were common 
among those changes we observed. 

In a different report on EEG brain 
mapping in outpatients,’ we did use 
asymmetry as the only eriterion for 
determining EEG brain mapping ab- 
normalities. This report may be the 
source of confusion for Elmore and 
colleagues. 

We believe that all clinieians in- 
volved in such EEG monitoring should 
know that many changes, whether 





graph or by ‘ompiteriead b 
mapping, are RE d lang 
the boca P : 


















































fuelon that a cause  odopen vi 
neurologic deficits if left uncorrected.. 
Mild degrees of acute alteration in 
EEG may be associated with mider 
degrees. of a posthypoxie encepha.op- E 
athy or neuropsychologie impairment. | 
This relationship may be overlogked — 
in studies in which perioperative 
stroke or death is the only criterion 
for a bad outcome. In other areas of 
clinical neurophysiology, such relà- .. 
tionships have been found.** Better  . 
quantifying of intraeperative EEG | 
may help identify and monitor short- 
term alterations of cerebral function 
of mild to moderate degrees. We 
agree, in general, with the observa- 
tions of Elmore and colleagues, bu: we... 
hope this letter clarifies the methods — 
used in our studies of this topic. . . 


Marc R. Nuwer, MD, PuD 
Sam S. Aun, MD a 
SHELDON E. JORDAN, MD 
Wes.ey S. Moore, MD 
Los Angeles, Calif 


1. Elmore JR, Eldrup-Jorgensen J, Leschey 
WH, Herbert WE, Dillihunt RC, Ray FS. Co 
puterized topographic brain-mapping during c 
rotid endarterectomy. Arch. Surg. 1990128: T3 
788. 

2. Ahn SS, Jordan SE, Nuwer MR. Comipitted 
electroencephalographic topographie brain ma 
ping. In: Moore WS, ed. Surgery for Cerebrove 
cular Disease. New York, NY: Churchill Livin 
stone Inc; 1987:275-280. 

3. Ahn SS, Jordan SE, Nuwer MR, Marcus 
DR, Moore WS. Computed electroencefhalo- 
graphic topographic brain mapping. J Vase Surg. 
1988;8:247-254. 

4. Nuwer MR, Jordan SE, Ahn SS. Evaluation 
of stroke using EEG frequency analysis and 
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1984;15:497-503. ts 

6. Cushman L, Brinkman:SD, Ganji S, B 1 
LA. Neuropsychological impairment after 
rotid endarterectomy correlates with intraop 
ative ischemia, Cortez. 198420:4038-412. 
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. Books 





Essentials of Experimental Surgery, by J. S. P. 
Lumiey, C. J. Green, P. Lear, and J. E. Angell- 
James, 254 pp, $135, Stoneham, Mass, Butter- 
wortns, 1990. 


The preface to this book states that it 
is “. . . intended as a practical guide to 
all workers undertaking animal sur- 
gery." The book is directed at research 
workers and veterinarians who use sev- 
era! animal species for varying surgical 
studies. It is also to be considered by 
surgeons during their early training and 
achieves its goals quite well. 

The book presents basic surgical prin- 
ciples and techniques that will be neces- 
sary in experimental surgery and can 
easily relate to veterinary surgery. 
Some of the techniques are common to 
standard surgical practice and would be 
useful for surgical residents who are 
participating in animal surgery. 

Contained are some excellent. intro- 
duezory chapters on the selection of an 
animal species for experimental study. 
These range from several rodent spe- 
cies to large herbivores. This section 
alsc extensively describes anesthetic 
and analgesic techniques. Clear and 
complete tables are included that list 
the anesthetic and analgesic drugs, 
their doses, and routes of administra- 
tion. These tables are valuable to any- 
one planning excerimental researeh. 
The chapter regarding rules and regula- 

- tions of biomedieal research in animals 
-~ —— is quite good, but the rules apply specifi- 
so. eally to the United Kingdom and may be 
“of less direct use in other countries. 
Additional chapters include tabuiar 
data on normal physiologie parameters 
. as well as normal laboratory chemistry 
. values for different species. Animal 
-egre requirements, including nutrition- 
.. aland housing needs, are also discussed. 
© This text provides well-illustrated 
examples of several basic general surgi- 
eal techniques. For a few procedures, 
these examples are extersive. Also in- 
cluded is a good summary of microsurzi- 
al techniques. 
This textbook has a few shortcom- 
igs. Certain proeedures that are com- 
or. in many experimental surgical lab- 
ratories are not diseussed. Blood 
ampling from the aorta in rats and re- 
'O-Orbital venous plexus in mice are 
examples of techniques that would be 
useful in many experimental protocols 
sing rodents. Additionally, little em- 
vasis is placed on some tests, such as 
ie measurement of immune response 
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in experimental animals. However, 
these techniques and tests are not 
unique to surgical investigation, which 
may be why they were not included. 
There is less emphasis placed on rodent 
research, which is becoming more prev- 
alent because of space and cost restric- 
tions, as well as limited access to large 
animals because of institutional restric- 
tions en animal experimentation. 

In general, this is an excellent book 
that falfills its goals. It would be very 
useful for any surgical labcratory using 
research animals. The tabular data 
alone make it useful to surgical 
investigators. 


ANTHONY A. MEYER, MD, PuD 
Chapel Hill, NC 


Hepaiobiliary and Pancreatic Malignancies: 
Diagnosis, Medical and Surgical Management, 
edited by N. J. Lygidakis and G. K. J. Tytgat, 447 
pp, with illus, $148, New York, NY, Thieme Medi- 
eal Publishers Ine, 1989, 

This book was intended to present an 
interdisciplinary approach to the study 
of malignant neoplasms of the liver, 
pancreas, and biliary tree. Contributors 
are from Europe and the United States 
and present a remarkably high-quality 
book with excellent illustrations. The 
book begins with chapters entitled 
"Funetional Histology of the Liver and 
Biliarr Tree" and "Functienal Histolo- 
gy of the Exocrine Pancreas,” which, in 
truth, are broad-range summaries of 
anatomy, biochemistry, physiology, 
and histology. These chapters include 
pertinent references to clinical manifes- 
tations. The surgical pathclogy section 
provides clinical observations and de- 
seribes manifestations of tumors cus- 
tomar:ly found in hepatobiliary and pan- 
creatic tissues. Photographs of gross 
specimens and photomicrographs in this 
chapter are excellent. Diagrams and the 
TNM staging classifications with refer- 
ence te clinical experience are included. 

The section on diagnostic techniques 
addresses ultrasonography, endoscopic 
ultrasenography, computed tomogra- 
phy, angiography, magnetic resonance 
imaging, and percutaneous transhepa- 
tie biliary drainage. It also discusses the 
use of nuclear medical markers and 
laboratory investigations with tumor 
markers. Here again, the diagrams and 
photographs are excellent and perti- 
nent to the topics diseussed. In addition 
to the elear and concise technicaldiscus- 


sions, the merits of the techniques de- 
scribed are discussed relative to other 
techniques. The chapter on radiophar- 
maceuticals in scintigraphic studies of 
liver tumors is an interesting comment 
on the state of the art in this developing 
field. After an introduction, this section 
provides a good discussion of scintigra- 
phy, but might have been better struc- 
tured as a comparative study of the vari- 
ous diagnostie techniques, such as 
ultrasonography,  endoscopie  retro- 
grade cholangiopanereatography, and 
percutaneous transhepatic cholangiog- 
raphy. 

The contents of chapters on preoper- 
ative considerations overlap and seem 
to be more of a literature review than a 
review of the clinical experiences of the 
authors. The sections on surgical man- 
agement of malignant tumors of the liv- 
er, panereas, and bile ducts provide 
many technical details and are superbly 
illustrated with drawings, roentgeno- 
grams, photographs, charts, etc. 

Three chapters have introductions or 
overviews of resection of liver tumors as 
performed by surgeons worldwide. 
These introductions are useful bases for 
considering the technical operative pro- 
cedures described later in this section. 
A similar overview of malignant neo- 
plasms of the pancreas appears in the 
middle of this section, and the overview 
of biliary tree carcinoma comes at the 
end of the section. The chapters on de- 
structive operative procedures for ma- 
lignant neoplasms of the pancreas are 
separate from the chapters on common 
reconstructive procedures. 

Two chapters discuss reconstruction; 
one describes the contributions of vas- 
cular surgery, and the other, recon- 
struction of alimentary continuity after 
subtotal duodenal pancreatectomy. In 
these lavishly illustrated chapters, 
many technical adjuncts to radical re- 
section of the biliary and vascular sys- 
tems and various forms of vascular re- 
construction are shown. The success 
rate of these techniques and the total 
number of patients in whom they were 
used is somewhat unclear. The study 
appears to have comprised 100 patients, 
13 of whom underwent vascular recon- 
struction and 11 of whom survived sur- 
gery for an undescribed interval. 

In the chapter entitled “Surgical 
Management of Malignancies of the Bili- 
ary Tree,” Dr. Lygidakis recommends 
“the combination of tumor and liver re- 























regional — resec- 
for primary cholangiocarcinoma of 
2 of the common hepatic 
basis of “increased number 
amenable to resection” and 
ry drainage." In his series 
ats, seven underwent radical 
tions and five died in the first 30 
ys after surgery. These results are in 
a separate chapter from the technical 
ese of the procedure. 
chapters discuss various en- 
umors of the pancreas and al- 
| methods of therapy, including 
yerative and external beam ther- 
1002 erapy, and palliative pro- 











hei creasing incidence of malignant 
eoplasms of the pancreas and biliary 
| the increasing capability of 
physicians to deal with these problems 
|. makes this book an excellent resource 
— for physicians treating patients with 
"these conditions. The textual informa- 
tion and the superb illustrations are pre- 
sented clearly with little contradiction. 


G. ROBERT MASON, MD, PHD 
Orange, Calif 


Burn Trauma, by Robert H. Demling and 
| Cheryl Lalonde, 304 pp, with illus, $75, New York, 
A . NY, Thieme Medical Publishers Ine, 1939. 


s Calendar 


One of a series on trauma manage- 


ment, this book seems directed toward 


the surgical house officer on rotation at 
a burn serviee, although this aim is not 
explicitly stated. Sections address re- 
suscitation, patient condition after re- 
suscitation, inflammation and infection, 
rehabilitation, remodeling, electrical in- 
juries, and combination trauma and 
burn. A final, 44-page reference section 
contains tables of normal values and 
interpretations of deviations from these 
values in patients with burn injury in 
intensive-care units. No references or 
reading lists are given, but several ex- 
cellent color plates are presented. 

The book is simply and well written. 
Instead of the conventional approach 
used in many books discussing burn in- 

jury (with ehapters on epidemiology, 

classification, triage, etc), the authors 
walk the reader through the manage- 
ment of a sick patient step by step, as if 
at the patient's bedside. This strategy, a 
series of clear algorithms, and the basic 
pathophysiclogie approach to clinical 
problems lend the work authority. The 
discussion on the problems of transpor- 
tation and surgical techniques is partic- 
ularly enjoyable and was obviously 
written by someone who has "been 
there." 

Occasionally, too much bias is evident 




























in the discussion of controversial issues 
with no mention of opposing views, as 1 
the resuscitation section and the section 
describing placement of catheters. Re 
garding the latter, many surgeons Bow - 
believe that in a very large burn com- 
mitted to several weeks of central lites, 
initial lines should be placed through the . 
burn, which the authors repeatedly con: 
demn. The diseussions do not alway: 
proceed logically: description of airway 
management should surely precede an 
extensive dissertation on the chemistr 
of carbon monoxide toxicity. There i 
some irritatingly loose editing (what 
"catheter sepsis infection"?), and an in 
fusion rate of “4 ec/kg/%” is given fo 
resuscitation, but the type of fluid is noi 
specified. The Table on page 75 give 
the respiratory rates in normal and 4 
ure states twice — with different value: 
each time. pre 

As a pocket-sized paperback, hie 
would have been the perfect book to - 
give to medical students in residency. . 
Unfortunately, the rather heavy, large _ 
hardback will undoubtedly be relegated —— 
to the shelf, perhaps to be used ess = 
often than it deserves. C 


ANDREW M. MUNSTER, MD 
Baltimore, Md 
























February 


Society of University Surgeons, February 7-9, 
Galveston, Tex, 

Pacific Coast Surgical Association, February 
17-20, Pebble Beach, Calif. 


March 


Central Surgical Association, March 7-9, Indi- 
anapolis, Ind. 

Association of Program Directors in Surgery, 
March 14-16, La Jolla, Calif. 

The Society of Surgical Oncology, March 24- 
27, Orlando, Fla. 


April 
Association for Surgical Education, April 3-6, 
Portland, Ore. 
The Society for Clinical Vascular Surgery, April 
3-6, Kauai, Hawaii. 


Society of Black Academic Surgeons, April 8- | 


9, Boston, Mass. 
American Surgical Association, April 11-13, 
Boca Raton, Fla. 


American Association of Endocrine Sur- 
geons, April 14-16, San Jose, Calif. 

American College of Surgeons Spring Meet- 
ing, April 14-17, New York, NY. 

Cleveland Clinic Foundation, "Problems and 
Techniques of Hepatobiliary and Pancreatic 
Surgery," April 25-26, Bunts Auditorium, The 
Cleveland (Ohio) Clinic Foundation. Contact: 
The Cieveland Clinic Educational Foundation, 
Department of Continuing Education, 9500 Eu- 
clid Ave, TT31, Cleveland, OH 44195-5241; 
444-5696 (local) or (800) 762-8173 (outside 
Ohio); FAX (216) 445-9406. 

Society of American Gastrointestinal Endo- 
scopic Surgeons, April 18-20, Monterey, Calif. 

Southwestern Surgical Congress, April 21-24, 
Las Vegas, Nev. 


May 
The Society of Head and Neck Surgeons, May 
1-4, Paris, France. 
The Society for Surgery of the Alimentary 
Tract, May 21-22, New Orleans, La. 
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CLASSIFIED 
INFORMATION 


Regular Classified 1Time 3 Times 

or more" 
Cost per word $1.70 $1.55 
Minimum ad: 20 words. per issue 


"In order to earn the three-time rata, your ad mus! be placed 
and prepaid at the same time for taree or more issues, 


Counting Words: Two initials are considered 
one word, each abbreviation is considered 
one word, and figures consisting of a dollar 
sign and five numerals or less are considered 
one word. Cities and states consisting of two 
words or more are counted as one word: Le., 
"New York" and "Sait Lake City." Zip code is 
considered one word and must appear in all 
ads. Telephone number with area code is 
considered one word. When box numbers are 
used for replies, the words "Box eno 
AOS" are to be counted as three words. 





Classified Display 1Time 3 Times 
Full page $1,432 $1,245 
Two-thirds page 1,220 1,061 
One-half page 1,002 871 
One-third page 790 688 
One-sixth page 365 317 
Column inch 105 90 


Minimum display ad: one column inch 
12-time and 24-time rates available on request. 


Display Production Charge: The publication 
will pub-set advertisements upon request. 
The typesetting fee is 1096 of the one-time ad 
cost shown above. Special requests will be 
billed to the advertiser and/or agency at the 
ther prevailing rates. 


Box Service 


Available for ail ads. The costis $15.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly 
mailed directly to you. 


| Closing Date 

| The 25th of the second month prior to issue 
| date. Example: The November issue closes 
Sepiember 25th. No ads can be cancelled 
| after the closing date. 









^ Send all copy, correspondence, production 
- materials and payments to: 


I Ciassified Department 

PQ. Box 1510, Clearwater, Florida 34617 
For assistance with your ad schedule call toll free: 
: 800-237-9651 D 813-449-7866 








Al! classified advertising orders, correspondence and 
Florida 34617. Our telephone numbe:s are; 800-23 
correspondence to the AMA headquarters in Chicago. This causes neediess delay. 


inquiries about "BOX NUMBER" advertisements: All replies must be 
Box ......., c/o AOS. P.O. Box 1510, Ciearwater, Florida 34617. We are 
mail sent in care of Archives of Surgerv. 















ORTHOPAEDIC SURGEONS — general, spinal or 
pediatric. Busy two-person orthopaedic group 
seeks BE/BC orthopaedic surgeon to begin as soon 
as possible. Excellent opportunites with booming 
practice. PT affiliation. Large referral base, Superb 
compensation and benefits package including sign- 
ing bonus, guaranteed base salary with productivity 
incentives. All overhead covered by group. Send CV 
ta: Physician Recruiter, 2353 Brachton Avenue, 
Germantown, TN 38138. EOE/M/F/V/H. 


Oncologic Surgeon 
Multi-speciaity group in suburban Philadel- 
phia needs a BE/BC oncologic surgeon for 
clinical practice. Preference given to candi- 
dates with thoracic and vascular expertise. 
Endoscopic skills also desired. Excellent 
benefits and salary leading te full partner- 
ship position. Send curriculum vitae and 
references tc: 
SURGICAL SERVICES, LTC. 
Moss Plaza, Suite 206, 9892 Bustleton Avenue 
Philadelphia, PA 19715 
Attention: Robin E. Rosenberg, MD 


GENERAL SURGEON, BC/BE, vascular desirable, 
not essential, to join well establ;shed surgeon in 
Atlanta, Georgia. Excellent salary/benefits. Early 
partnership. Send CV to: Box #915, c/o AOS. 


EArt er rmi ua ij E ga A A av ra p 





WANTED: BE/EC general surgeor: with interest and 
experience in non-cardiac thoracic surgery, or 
thoracic surgeon who enjoys generali surgery, to 
assume practica of retiring doubie boarded thora- 
cic/generai surgeon. 34 member, rmuiti-specialty 
group im dynamic area hub city cf 35,000, with six 
satellite offices in strategic locations, and referral 
area of 300,000 plus. Superb hospital facilities, 
including CT, MRI, cardiac surgery, neurosurgery. 
etc. Directed toward those concerned about quality 
family liiestyle and professional cancerns. Contact: 
Recruitment Coordinator, Park Clinic, 890 North 
Eisenhower Avenue, Mason City, 1A 50401. Or dial: 
(800) 783-4321 for more information. 





GENERAL SURGEON 


Excellent opportunity for the right indi- 
vidual to join solo general, vascular and 
thoracic surgical practice. 


Cancidate should be BE/BC with post- 
residency vascular or cardiothoracic 
training or experience. 199° candidates 
considered. Above average benefits, 
leading to early partnership. Modern, 200- 
bed hospital with wide referral area. 


Beautiful Ithaca. New York, home of 
Cornell University has been recently 
rated "the best small city in the East". 


Send CV to: 
Box #912, c/o AOS 


LOVINGTON, NEW MEXICO: General surgeon 
needed ‘or solo practice under the warm sun of 
Southeastern New Mexico; assistance with start-up 
costs is evailable. Excelient practice potential in this 
peaceful. family-oriented community, close to world- 
renowned Carlsbad Caverns. Contact: NM Health 
Resources, Box 27650, Albuquerque, NM 87125. 
(505) 260-0993. Not-for-profit, no-iee placement, 



















PLEASE NOTE —Address replies to box number 
ads as follows: Box number, e c/o AOS, 
P.O. Box 1510; Clearwater, FL 34517. 




































payments shouid be directed to: Archives of Surgery, P.O. Box 1510, Clearwater, 
7-9851; 812-443-7666. Please do not send classified ads, payments or related 


in writing and must cite the box number in the ad. Example: 
not permitted to divulge the identity of advertisers who wish their 









BC/BE GENERAL/THORACIC SURGEON — Cali- | 
fornia: We need a general surgeon who is also 
trained in thoracic surgery and interested in an 
excellent practice doing general and. thoracic 
surgery ino open heart). We offer the opportunity to 
establish your own private practice with no invest- 
ment, guaranteed income. Well equipped 112-bed | 
full service hospital. A growing area with new busi- 
nesses and stable economy. Our service area popu- 
lation is now 90,000. Located in central California 
near Sequoia National Park, Tulare offers an excel- 
lent family-oriented lifestyle with all expected amen- 
ities. Beautiful homes, located close to hospital and 
office, are affordably priced. Good schools, many 
community activities and abundant recreation 
including golf, tennis, skiing, mountain and eques- 
trian activities. Easy access to all California's major 
metropolitan and resort areas. Please contact: 
Tulare District Hospital Physician Recruiting Office, 
P.O. Box 90112, Los Angeles, CA 90009. (800) 
468-2687. 





ATTENTION PHYSICIAN RECRUITERS. The 
"Classified Advertising" sections now in all nine 
AMA Specialty Journals target the physician you 
want. These highly visible sections put your 
message in the hands of every specialist that quali- 
fies for your professional opportunity, every month. 
To place the ad of your choice, any size, call toil 
free: (800) 237-9851. 


Are you a Surgeon looking for 


The World’s 
Best Kept Secret 


Are you looking for challenging and 
outstanding opportunities for profession- 
al growth? Do you value a good school 
system, low crime rate, clean air and 
unsurpassed scenic beauty? Then St. 
Mary's Hospital in Pierre, South Dakota 
is what you are looking for. 


Nestled in the rolling hills along the 
Missouri River, Pierre offers a wide 
range of recreational activities. If you 
enjoy the outdoors, you will love Lake 
Oahe which offers boating, sailing and 
trophy fishing. Pierre is famous for its 
excellent waterfowl, pheasant and ante- 
lope hunting. 


If you are a board-certified or -eligible 
surgeon and interested in joining a busy 
practice in this warm friendly communi- 
ty of 15,000, and a service area of 40,000, 
then come join our growing active medi- 
cal staff at St. Mary's Hospital in Pierre, 
South Dakota. Enclose vitae. 


RON OLINGER 
PHYSICIAN RECRUITMENT 
P.O. Box 66, Pierre, SD 57501 

(605) 224-8851 

or 
JAMES RUSSELL 
ADMINISTRATOR 
ST. MARY'S HOSPITAL 
800 East Dakota, Pierre, SD 57501 
(605) 224-3158 


























ARDIOTHORACIC 
SURGEON 


ted a .BC/BE cardiothoracic surgeon with 
-in adult cardiac, thoracic and peri- 
scuar surgery. Physician will join a 
ait escablished group in central Ohio. 
lease respend with curriculum vitae and 
references to 
Robert F. McVicker, MD 
:931 Chatham Lane 
Columbus, OH 43221-2485 
































| GENERAL SUFGERY — Opportunity to live and 
-workin the beautiful state of Hawaii. Established in 
1903, The Honolulu Medical Group is seeking a 
BC/BE general surgeon to join our 45-physician 
multi-specialty group. We offer the opportunity to 
retain control of the medical directive while eliminat- 
ing the headaches of administration and recruiting. 
n attractive salary/benefits package and an 
cellen: working environment. Send CV to: Chair- 
man, Physician Aecruitment, The Honclulu Medical 
Group, 550 South Beretania Street, Honolulu, HI 
| 96813. Or FAX to: (808) 531-4179. Equal opportunity 

| employer. 


GENERAL SURGEON: Outstanding opportunity 
for recently trained general surgeon to join estab- 
lished practicein metropolitan Pittsburch. Extremely 

7| busy general surgical group practices exclusively at 

|. respected 390-bed community hospital. Desirable 
location conversent to award-winning public schools 
and affordable rousing in one of America's "most 
livable cities". Send CV or call: Kelly McMahon, 

Daniel Stern and Associates, 211 North Whitfieid 

Street, Suite 240, Pittsburgh, PA 15206, (800) 

438-2476. 


SURGEON with interest/experience in hemodialy- 

sis access to menage 400-450 cases per year as part 

of a larga, estabslished, mid-Atlantic cardiovascular 

and thoracic surgical practice. ABS required; salary, 
| incentives and call schedule negotiable. Send CV to: 
| Box #918, c/o AOS. 
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| General SURGEON 


Surgical group serving a small, 
rural community of approxi- 
mately 25,000 is looking for a 
university hospital-trained, 
board-certified or board-eligible 
general surgeon. 
Practice is located next door to 
| aprogressive 76-bed acute care 
| hospital. Area is year-round 
outdoor t resort with ae 


Located 120 and 200 miles west 
| of Baltimore. West Virginia Uni- 
| versity Medical Center is located 
- 60 miles to the west. 

. Contact: 
C. William Fedde, MD 

Garrett Surgical Group 

Suite 1 311 North 4th Street 

l Oakland, MD 21550 

| S901) 334-8282 











NORTH CAROLINA OPPORTUNITIES: General 
surgery, vascular surgery. BE/BC only. Call: Richard 
Blackburn, (800! 448-5965. CV to: Box 665, Moores- 
ville, NC 28115. 
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GENERAL/VASCULAR SURGEON-—BC/BE with 
recent training to join established two-person prac- 
tice in southeastern Massachusetts. Interest in vas- 
cular surgery required. Busy practice is based at 
275-bed community teaching hospital located 25 
miles from Boston. Send CV or call: Keily McMahon, 
Daniel Stern ard Associates, 211 North Whitfield 
Street, Suite 240, Pittsburgh, PA 15206. (800) 
438-2476. 


UROLOGISTS —North Carolina, thirty minutes 
from major city. Generous benefits, Call Richard 
Blackburn: (800) 448-5965. CV to: Box 665, Moores- 
ville, NC 28715. 


ere ett W MTP anana eea a Án 











TIRED OF skyrocketing malpractice premiums? 
Come practice in the beautiful state of Indiana with 
the lowest malpractice rates in the country. Join an 
existing, 30-year-old, three-physician general 
surgery group in a quaint town of 15,000, only forty- 
five minutes from Indianapolis. Spectacular oppor- 
tunity; two of the surgeons will retire in less than one 
year. Enjoy an extremely successful practice, 
immediately utilizing well-equipped office facility 
and 6-year-oic, 120-bed hospital. Tremendous 
financial packege includes $100,000 salary plus 
bonus, benefits, relocation expenses, and partner- 
ship after only one year. Send CV or call: Todd 
Dillon, Jackson and Coker, Inc., 115 Perimeter 
Center Place, Suite 380 AS1, Atlanta, GA 30346. 
Telephone: (800) 544-1987. 


BC/BE GENERAL SURGEON to join expanding 
high volume nine-member, multi-specialty group. 
Subregional medical campus being developed. 
Excellent opportunity plus attractive financial pack- 
age. Located in east-central Montana along the Yel- 
lowstone River Big Sky Country, great outdoors 
living. Good schools, a beautiful place to raise a 
family. Send CV'to: Administrator, Garberson Clinic, 
2200 Box I Elder. Mile Miles City, | MT 59301. 


NEED A DOCTOR? For the most comprehensive 
coverage to specific specialties and select sub- 
specialties, putyour recruitment ad in an AMA spe- 
cialty journal. We target your ad to the physician 
you want. To schedule your ad call cur "Classified 
Advertising" office; (800) 237- 9851. 














NEW HAMPSHIRE: General surgeon to join two 
other general surgeons in a well-established, eight- 
member multi-specialty group, adjacent to new 92- 
bed hospital in beautiful White Mountain region of 
northern New Hampshire. Send CV to: Administra- 
tor, St. Luke Medical Center P.A., 7 Page Hill Road, 
Bertin, NH 03570. Telephone: (603) 752-7750. 


BOARD-CERTIFIED GENERAL SURGEON for 
outstanding opportunity in beautiful Ozark lake 
region in southwestern Missouri. Enjoy arrexcellent 
cali coverage inan immediately busy practice. Pro- 
gressive, 60-bed hospital is only nine years old. 
Community has AAA-rated schools, a private uni- 
versity, and numerous lakes within fitteen miles. 
Located only twenty-five miles from Springfield, 
Missouri, Tremendous financial package includes 
$125,000 net guarantee with no paybacx, paid mai- 
practice, benefits, and relocation expenses. Please 
respond quickly. Send CV or call: Todd Dillon, 
Jackson and Coker, inc., 115 Perimeter Center 
Place, Suite 38CAS1, Atlanta, GA 30346. Telephone: 
(800) 544-1987. 


BUSY, FOUR-FERSON SU RGICAL { practice in cen- 
tral Maine looking for an additional associate. 
Board-certified and recent graduate preferred. Out- 
standing environment and recreationa! opportuni- 
ties. Reply: Box 4922, c/o AOS. 
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SURGERY: NEUROLOGICAL. MD — Geographic 
full-time position for a BC/BE neurcsurgeon with 
interest in level I| trauma. Please forward CV to: 
Gershon Efron, MD, Chief of Surgery, Sinai Hospital 
of Baltimore, Balvedere at Greenspring, Baltimore, 
MD 21215. 


PLEASE NOTE — Address replies to box number 
ads as follows: Box number, ... „6/0 AOS, 
P.O. Box 1516, Clearwater, FL. 34617. 
















ORTHOPEDIC SURGERY opportunity: Located |. 
in a mountainside community, one hour from Santa | 
Fe. Excellent educational system includes two 1. 
universities with abundant recreation. Regional | 
medical center is committec to motivated, beard- | - 
certified/board-eligible generalist. Will provide a. 
variety of incentives to attract a quality surgeonwith. f 
interest in arthroscopic surgery, total joints and- 
sport medicine. $200,000 net income quarantee plus .. 
assistance with financial obligations from medic ab. 
school. Send CV or call: Paul Byer'ein, Jackson 
Coker, Inc., 115 Perimeter Center Place, Suite: 
AS1, Atlanta, GA 30346. Telephone: (800) 544-191 8 
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GENERAL SURGEONS for Minnesot: 
munities: Cambridge, Litchfield and Morris: f 
LifeSpan, 800 East 28th Street, Minneapolis, M 
55407. (612) 863-4193. Ask for Jerry Hess. p 
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James. mundi 
160 NW, Irving. 
Suite 201-B - : 
P.O. Box 1221 
Bend, Oregen f 
97739 . 
800-323-1732 
503-382-1732 
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PHYSICIAN —Prestigious national cosmetic - 
surgery group specializing in hair restoration ] ^ 
requires the services of and will provide complete 4 
training for a physician with at least ten years expe- |^ 
rience in private practice with training in a surgical 
field or other hands on primary field. The best zan- 
didate will have a high aesthetic sense and some 
experience with the graphic arts. Positions te be 
available in New York City, Atlanta, Palm Beach, 
San Diego, Los Angeles, ard San Francisco: No 
nights or weekends. Pleasan! high tech offices with 
upper level patient base and ro problems. Comoen- 
sation in the mid-six figures. Send CV to: The Eliott- ^ 
Thomas Medical Group, Lid. Attention. Dr. R. 
Michael Elliott, President, 175 East Hawthorn Fark- 
way. Suite 120, Vernon Hills, IL 60061. 





Rural 
Mountain Resort 
Practice 












BC/BE general surgeons to join 
two general surgeons practicing 
in rural Arizona resort commun 
ty. Beautiful White Mountains 
offer four season recreationel 
opportunities. 


Practice includes broad spectrum 
of general surgery including criti- 
cal care, trauma care and surgicel 
endoscopy. 


Please send CV to: 


William J. Waldo. MD, FACS 
White Mountain 
Surgical Specialists 
2650 East Show Low Lake Roac | 


Suite 2 
Show Low, AZ 85901 


IERAL AND VASCULAR SURGEON to join a 

usy, four surgeon practice on Long Island, New 

- York. Must have at leastone year of vascular fellow- 

Ship. Excellent financia! benefits and early partner- 

hip. Send CV to: South Shore Surgical Specialists, 
786 Montauk Highway, West Islip, NY 11795. 
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- | VASCULAR SURGEON to join solo vascular sur- 
















BOARD-CERTIFIED GENERAL SURGEON needed 
on Kodiak Island, Alaska. Expect approximately 400 
to 450 cases per year Strong, established and very 
supportive primary care referral base. Diverse prac- 
tice includes approximately forty C-sections per 
year. Southern coast of Alaska has a very mild cli- 
mate. Surrounded by mountains and next to the 
Aleutian islands. Hospital is funding an extremely 
competitive income guarantee, paid malpractice, 
eight weeks of vacatior/CME, and all benefits and 
expenses. Send CV or call: Paul Clukies, Jackson 
and Coker, Inc., 115 ?erimeter Center Place, Suite 
380 AS1, Atlanta, GA 30346. Telephone: (800) 
544-1987. 








of Choice 


| Southern California Permanente Medical Group 
(SCPMG) is recognized as the nation's largest and most respected physician- 
masaged, multi-specialty medical group. Our continued growth has created new 
Practice opportunities availabie throughout Southern California for: 


SURGEONS 
e General — e Orthopedic e Vascular e Thoracic 


Experience the freedom to focus on your outstanding surgical skills rather than 
administrative duties. We provide you the freedom, technology and resources to 
focus on quality patient care, the collaborative Support of knowledgeable colleagues 
andthe opportunity to make a:significant contribution to your field. 


Our compensation and benefits package includes: 
e Guaranteed practice and income e Paid educational and sabbatical leaves 
« Professional liability insurance e Life, disability, medical and dental coverage. 


send your curriculum vitae to: Irwin P. Goldstein, M.D., Associate Medical 
Director, SCPMG, Dept. 013, Walnut Center, Pasadena, CA 91188-8013. 
Or call: (800) 541-7946. 
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ASSISTANT PROFESSOR of Surgery, Division of 
Vascular Surgery. Endovascular Surgery. The 
Department of Surgery at the University of Illinois 
Collage of Medicine at Chicago is seeking applica- 
tions for an additional vascular surgeon to learn the 
of techniques and methodology of endovascular 
i surgery and to begin & program in endovascular 
sp surgery at the University of Illinois and affiliated 
oo d hosnitals. This individual should be board-certified 
jin genera! surgery and possess or be eligible for the 
| Certificate of Added Qualifications in general vascu- 
Jar surgery. The appointment is available at Assist- 
ant ?rofessor level ir the Department of Surgery 
with a beginning date in early 1981. Application 
deadline is March $, 1991, Please send inquiries and 
CV to: James J Schuler, MD, University of IHinois 
Hospital (m/c 957), 1740 West Taylor, Suite 2200, 
Chicago, IL 60612. The University of Illinois College 
of Medicine at Chicago is an aflirmative action, 
equal employment opportunity employer. 
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WV KAISER PERMANENTE 
li ] Southern California Permanente 
| ii Medical Group 


Partners Practiciag Good Medicine 








Positions Wanted We Target The Physician 
| COLON AND RECTAL SURGEON, BC, CRS and 


! | You Want! 
GS wants to relocate to major northeast or midwest 


city. Reply: Box #923, co AOS. Tre Archives of Surgery s classified recruitment advertising section is seen by precisely 
nc c p er ge T pene eu the physician you need ~ all general surgeons, plastic surgeons — plus other surgical 
FORTY-FIVE YEAR SURGEON, FACS, general, suospecialties. A total targeted physician audience of almost 40,000. 


vascular and thoracic with international experience Send us your order today. Just complete the coupon below and attach your typewritten 


if MUS ATA cu copy. The next available issue is March which closes Friday, January 25th. Act now to 


| tion. Available December 1991. Reply: Box 4920. reach precisely the physician you need. 
| c/o AOS. —— — — — — — — — ORDER FORM — — — — — — — — — 
|] Serre The classitied rate is $1.70 per word for one issue. For three issues or more, the rate is $1.55 per 


werd per issue. Minimum classified ad is 20 words. The classified display rate is $105 per column 
inch. For complete information see “Classified Information” on the first page of this section. 

















T PLASTIC SURGEON NEEDED. Busy and success- 
dul plastic surgeon moving to Hawaii. Prime out- } insert myad oaeee times, beginning with the 1 issue. 
patient surgical suite fcr lease. located in Salinas, 

Caliiornia, adjacen* to Salinas Valley Memorial Place my ad under the heading ou 
osoital, total services hospital in thriving commu- 

ty of 108,000, 18 miles trom Monterey Carmelarea. | Enclosed is my check for $ 1. Ls TO Cover full payment 
ia. Reply: Box #911 c/o AOS. 
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t for used'serviceable equipment that may be 
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rplus to your needs. Advertise this equipment in 7 | 
" AM A “specialty JORT ai a n d reac h y OL imm ark et G i y LIE IET I UMEN rie cs RM ORTUS REL ONE State PET MORUEUU UEFA Z i p RU MIT carat hemp sae — —— —— Á——— P] -— 
all our "Classified Advertising" office toll free: 


8003 237-9851. Tess phone Number aee ipa ase se a a —— et itch i id EN a i ae a re Se I ca le A 







Authorized Signature oo. RR e A PONE NERA PENIS eee eae en ene NEQNE EE x 
i - = Send ali copy and payments to: 

IACTICE MANAGEMENT, insurance billing. archives ot 

édical records, and electronic claims systems. S EFC» x) 
merican Medical Sotware (800) 423-8836. Pian eon 













EASE NOTE —Adciress replies to box number Classified Department 
| as follows: Box number, c/o AOS, PO, Box 1510. Clearwater, Florida 34617 
Box 1510, Clearwater, FL 34617. National (800) 237-9851 © Local (813) 443-7666 
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CEFOTAN is coniraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
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cefotetan disodium| 


| In intra-abdominal and gynecologic infection 
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tion should be exercised when cefotetan is administered to 
PEDIATRIC USE: Safety and effectiveness in clvidren have not been established. 
in clinical studies, the following adverse effects were considered related to CEFÜTAN therapy. ir 
—À occurred in 1.596 of patients; the most quent were diarrhea (1 ba S0} did. 
nausea (1 in us 
is occurred in 1 of pallone ad iciudad ecnopala 1 i 2 A 
positive direct aris aM n pgieitangeid Mira 
Tn oh dae phos Xj ani [DN Cin D a rise in SGPT (1 in 1505, SGOT 
300), splits lpr Sh in 700). 
nyersnct reactions 00) were reported 306 oí patients ond included rash (1 in 150) and itching. 
in 
ie eR wa nipurted i less thani 1.096 of patients and inckaded pratis at Me we AM th 
(1 in 300), derriere i 500). During pestmarketing experience with CEPOTAN, anaphylactic - 
reactions and have been reported. 
DOSAGE AND ADMINIS 
TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN 
sen uM 
mined by of the patient, severity ofthe 
GENERAL GUIDELINES FOR DOSAGE OF CEFOTAE 
Type of induction Dally Dese 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 
1 or 2 9 every 24 hours IV oF IM 
10r 2 g every 12 hours IV orc M 
Other Sites 2-4 grams 10r2 g avery 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
6" grams 3 g every 12 hours IV 
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GUIDELINES FOR PATIENTS 

Creatinine Ci WITH IMPAIRED RENAL FUNCTION 

mL/min Dose 

>30 Usual Recommended Dosage" 

19-30 Usual Recommended Dosage" 

«10 Usual Recommended Dosage* 
*Dose determined by the type and severity of infection, and 

i dosing interval may remain constant at 12 hour intervals, 
one-half the usual recommended dose with a € 

i uau ooon pt patients with a creatinine Gearance of ess Han a0 
When oniy serum serum creatinine levels 


creatinine clearance may be 
following formula. The serum creatinine level should represent a steady state of renal function. 


Males: Weight (kg) x (140 ~ age) 


72 x serum creatinine (mg/100 mL} 
Females: 09 x value for males ge 
is dialyzable and it is recommended that for patients undergoing intermittent hemodial 
sit ohe cuatr 1 bu Geol lbid uy never 2 hours on day buen d salysis 


and one-had the usual recommended dose or: the day of 
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Wilmington, Delaware 19897 USA Rey. | 11/88 a 
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more cost-effective 
than cefoxitin”? 


less frequent dosing 
. than CTUM" 
















References: 1. Nightingale CH, Smith KS, Quintiliani R, et al: The conversion of cefoxitin usse 
to cefotetan: An interdisciplinary approach. Am J Surg 1988; 155(5A):101-102. 2.Socha 
Sullman S, Andriole VT: Cost-effectiveness study of cefotetan versus cefoxitin and cefotetan 
versus combination antibiotic regimens. Am J Surg 1988;155(54):96-101. 3. CEFOTAN® 


-. (cefotetan disodium) full prescribing information issued March 1986. 4. Physicians’ Desk 


Reference, ed 43. Oradell, NJ, Medical Economics Co, 1989. Mefoxin® (cefoxitin sodium, MSD), 
pp 1355-1357. 5. Carver M, Quintiliani R, uae CH: Comparative pharmacokinetic 
of cefotetan and cefoxitin in healthy volunteers. / , April 1986 (suppl), 
pp 71-14. 6. Quintiliani R, one CH, Stevens RC, et al: Comparative pharmacokinetic 
of cefotetan and cefoxitin in patients undergoing hysterectomies and colorectal operations. 
Am / Surg )988;155(5A):67-70. 


Please see adjacent pace for brief summary of prescribing information. 
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(cefotetan disodium) 


In intra-abdominal and gynecologic infection 


due to indicated organisms 
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*X | Clinical Spectrum of Fungal Infections 


After Orthotopic Liver Transplantation 
P. Castaldo, R. J. Stratta, RP.” Word, R. S. Markin, K. D. Patil, 
| M. S. Shaefer,-^- Dii TM 
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R. G. Sawyer, R. 8. Adams, M. D. Spengler, i. L. Pruatt 












Increased Gut Permeability Following Burn Trauma 
M. D. Epstein, J. 1. Tchervenkov, J. W. Alexander, J. R. Johnson, J. W. Vester 





Pneumonia Complicating Abdominal Sepsis 
R. A. Mustard, J. M. A. Bohnen, C. Rosati, B. D. Schouten 
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The Vagus Nerve, Gastric Secretions, and Their Relationship 


to Peptic Ulcer Disease 
W. R. Burden, J. P. O'Leary 


Volume 126, Number 2 
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Onc for prophyl xis. 
Once daily for cure. 





The prophylactic dose of ROCEPHIN is also the daily therapeutic 
dose. ROCEPHIN, 1 gm given once prior to surgery,” provides 
effective prophylaxis against infection and is on board throughout 
the perioperative period— even if surgery is delayed or prolonged. 


And ROCEPHIN, 1 gm given once a day, is the therapeutic dosage 
for the following common postsurgical infections: respiratory 
tract or skin/skin structure infections due to Staphylococcus aureus, 
Klebsiella pneumoniae and Proteus mirabilis; urinary tract infections 
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once daily for cure. 











Once-a-day 


Rocephin,, 


ceftriaxone sodium/Roche 





As with any cephalosporin, there exists the possibility of hypersensitivity reactions, 
especially in individuals with a history of sensitivity. 


© 1989 by Hoffmann-La Roche Inc * In contar inated or potentia lly contaminat ed Please see adjacent page for summary of product information. 
All rights reserved. roacec 
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ROCEPHIN® (ceftriaxone sodium/Roche) 


Before prescribing, please consult complete product information, a summary of which follows: 
INDICATIONS AND USAGE: Rocephin is indicated for the treatment of the following nfections when 
caused by susceptible organisms: 

LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Streptococcus spe- 
cies (excluding enterococci), Staph. aureus, H. influenzae, H. parainfluenzae, Klebsiella species 
(including K pneumoniae), E. coli, E. aercgenes, Proteus mirabilis and Serratia marcescens. 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph. epicermidis, Strep- 
tococcus species (excluding enterococci), E. cloacae, Klebsiella species (including K. oneumo- 
niae), Proteus mirabilis and Pseudomonas aeruginosa. 

URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E. coli, Prcteus mir- 
abilis, Proteus vulgaris, M. morganii and Klebsiella species (including K. pneumoniae). 
UNCOMPLICATED GONORRHEA (cervizallurethral and rectal) caused by Neisseria gonor- 
rhoeae, including both penicillinase and nonpenicillinase producing strains. 

PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 

BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae, E. coli, H. influenzae and 
K. pneumoniae. 

BONE AND JOINT INFECTIONS caused oy Staph. aureus, Strep. pneumoniae, Streptococcus 
species (excluding enterococci), E. coli, P. mirabilis, K. pneumoniae and Enterobacter species. 


-. INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 


MENINGITIS caused by H. influenzae, N. meningitidis and Strep. pneumoniae. Ceftriaxone has 
also been used successfully in a limited number of cases of meningitis and shunt infections 
caused by Staph. epidermidis and E. coli. 


SURGICAL PROPHYLAXIS: Preoperative administration of a single 1 gm dose may reduce inci- 


dence of postoperative infections in patients undergoing surgical procedures classified as con- 
taminated or potentially contaminated (e.g., vaginal or abdominal hysterectomy) and in those for 
a at the operative site presents serious risk (e.g., during coronary artery bypass 
surgery). 

Although ceftriaxone has been shown to have been as effective as 
cefazolin in the prevention of infection following coronary artery by- 
pass surgery no placebo-controlled trials have been conducted to 
evaluate any-cephalosporin antibiotic in the prevention of infection 
following coronary artery bypass surgery. When administered be- 
fore indicated surgical procedures, a single 1 gm dose provides 
protection frem most infections due to susceptible organisms for 
duration of procedure. 


SUSCEPTIBILITY TESTING: Before instituting treatment with 
Rocephin, apprapriate specimens should be obtained for isolation 
of the causative organism and for determination of its susceptibil- 
ity to the drug. Therapy may be instituted prior to obtaining results 
of susceptibility testing. 

CONTRAINDICATIONS: Rocephin is contraindicated in patients with 
known allergy to the cephalosporin class ot antibiotics. 


WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, 
CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE WHETH- 
ER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY RE- 
ACTIONS TO CEPHALOSPORINS, PEN CILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO 
PENICILLIN-SENSITIVE PATIENTS. ANTISIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO 
DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY 
REQUIRE THE USE OF SUBCUTANEOUS EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 


Pseudomemberanous colitis, reported with nearly all antibacterial agents, including ceftriaxone, may 
range in severity from mild to life-threatening. Therefore, consider this diagnosis in patients whe present 
with diarrhea subsequent to administration of antibacterial agents. 


Treatment with antibacterial agents alters normal flora of the colon and may permit overgrowth 
of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
"antibiotic-assoc:ated colitis.” 

After establishing diagnosis of pseudomembranous colitis, initiate therapeutic measures. Mild 
cases of pseudomembranous colitis usually respond to drug discontinuation alone. n moderate to 
severe cases, consider management with fluids and electrolytes, protein supplementation and 
treatment with an oral antibacterial drug effective against C. difficile. 
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An Independent Risk Factor for Mortality 
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Carl Rosati, MD; B. Diana Schouten, RN, Toronto, Ontario 

e Nosocomial pneumonia complicating intra-abdominal sepsis (IAS) is associated with a 
significant mortality and challenges the concept that death in IAS is due to intra-abdominal 
infection. 
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e Dietary restriction of LA and FO may play an important role in altering the inflammatory 
mediator response to sepsis. 
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Richard L. Simmons, MD; Timothy R. Billiar, MD, Pittsburgh, Pa 

e Inhibition of protein synthesis by nitric oxide is not likely mediated via an inhibition of 
energy metabolism. 
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Kurt Hofmann, MD; Jian Shou, MD; John V. Reynolds, FRCSI; Jill Goldfine, MS; 

Richard B. Johnston, Jr, MD; John M. Daly, MD, Philadelphia, Pa 

€ Severe PCM impairs macrophage function; this diminished response to septic challenges 
suggests a therapeutic role for this lymphokine in the malnourished septic host. 
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Mark D. Epstein, MD; Jean I. Tchervenkov, MD, FRCSC; 
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John W. Vester, MD, Cincinnati, Ohio 
e Gut permeability to LMW compounds increased immediately after burn trauma; the cause 

may be paracellular rather than transcellular. 
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Gastrointestinal Tract Manifestations 

Jaime L. Mayoral, MD; Cynthia M. Loeffler, MD; Carlos G. Fasola, MD; 

Marie A. Kramer, RN; William J. Orrom, MD; Arthur J. Matas, MD; 

John S. Najarian, MD; David L. Dunn, MD, PhD, Minneapolis, Minn 

e Treatment with DHPG is recommended for infection due to CMV in the 
immurocompromised patient; further studies are needed to define this treatment impact 
on patent and allograft survival. 
Invited Commentary: Clyde F. Barker, MD, Philadelphia, Pa 


furto CEP NN oboe oi Rn ts THE NECS EE o 
Etiologic Factors of Increased Intestinal Permeability 211 


in Endotoxic Pigs: Limited Role for Mesenteric Hypoperfusion 

Mitchell! P. Fink, MD; Jan B. Antonsson, MD; Hailong Wang, MD; 

Heidie R. Rothschild, Worcester, Mass 

e Increased intestinal mucosal permeability after LPS is due to factors other than or in 
addition to mesenteric hypoperfusion. 


S A E NNMERO PEN EUM EN M ELLE o 
Hepatic Extraction of Indocyanine Green Is Depressed Early in 219 
Sepsis Despite Increased Hepatic Blood Flow and Cardiac Output 

Ping Wang, MD; Zheng F. Ba; Irshad H. Chaudrv, PhD, East Lansing, Mich 

e Early depression of active HF in sepsis, despite increased HBF and CO, may be the basis for 


cellular dysfunction leading to multiple organ failure. 
Clinical Relevance Statement: David L. Dunn, MD, PhD, Minneapolis, Minn 


Continued on page 131. 
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This is a time when we need a unifying — profession and our relationship with our 
force in the medical profession very badly. patients. And that's what the American 

As a member of the AMA, I'm part of an Medical Association is all about? 
organization that's involved in my life work Join Dr. Michael E. DeBakey, Chancellor 
and through it, I feel I have a relationship and Chairman. Department of Surgery, 
with other doctors. Together, we're all work- — Baylor College of Medicine, in the AMA. 
ing toward the improvement of the medical — Call this toll-free number now. 
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More power than 
codeine 30 mg 
LORTAB 7.5/500 delivers more 
| analgesic power than codeine 
i HF GRIP 30 mg/APAP 300 mg—50% more 
high-strength pain relief." 


No extra 


I Nausea and constipation are no 
more common with LORTAB 


7.5/500 than they are with 
codeine. Your patients do not 
have to experience more Gl.side 
effects to get the extra-strength 
pain relief of LORTAB 7,5/500. 
“Hydrocodone is approximately 6-8 times more 
potent than codeine mg-for-mg. Thus, 7.5 mg 


hydrocodone is approximately equal to 45 mg 
codeine in analgesic potency.’ 


LORTAB 75/500G 


7.5 mg hydrocodone bitartrate ( Warning: may be habit forming 
and 500 mg acetaminophen 


High strength, not high side effects. 


Russ Pharmaceuticals, Inc., 
a subsidiary of Whitby Pharmaceuticals, Inc. Please see Brief Summary of Prescribing Information on adjacent page 
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adverse reactions which may obscure the clinical course of patients with head 


3nouk atients: Lortab 7.5/500 tablets, like ail 
narcotics, may impair the mental and/or physical abilities required for the perfor: 
mance of potentially hazardous tasks such as Fic car or operatinc machin- 
y; patients should be cauticned accordingly. Cough Reflex: Hydrocodone 
Suppresses the cough reflex; as with all narcotics, caution should be exercised 
when Lortab 7.5/500 tabietsaw used Vago ded and in patients wth pul- 
monary disease. Drug Interactions: Patients receiving other narcotic anal- 
sics, antipsychotics, antianxiety agents. or other CNS depressants (iacluding 
cohol) concomitantly with Lortab 7.5/500 tablets may exhibit an additive CNS 
_ depression. When combined therapy is contemplated, the dose of one er both 
. agents should be reduced. The use of MAO inhibitors ar tricyclic antidepressants 
. with hydrocodone preparations may increase the effect of either the antdepres- 
int or hydrocodone. The concurrent use of anticholinergics with hydrocodone 
ay produce paralytic ieus tj in Pregnancy: Teratogenic Effecis: 
egnancy Category. C. Hydrocodone has been shown to be teratogenic in 
hamsters when given in doses. 700 times the human dose. There are nc ade- 
| quate anc well-controlled studies in pregnant women. Lortab 7.5/500 taalets 
should be usec uring pregnancy only if the potential benefit justifies the poten- 
_ tial risk tothe fetus. Nonteratagenic Effects: Babies born to mothers who have 
been taking opioids regulary prior to delivery will be physically dependent. The 
withdrawal signs inc intabiity and excessive crying, tremors, hyperactive 
efiexes, increased respiratory rate, increased stools, sneezing, yawning, vomit- 
ng, and fever. The intensity o the syndrome does not always correlate with the 
uration of maternal opioid use or dose. There is no Consensus on the bast 
method o! managing withdrawal. Chlorpromazine 0.7 to 1 mg/kg a6h, and 
"paregoric2 to 4 drops/kg q4h, have been used to treat withdrawal symp:oms in 
fants. The duration of therazy is 4 to 28 Gays, with the dosage decreasad as 
to'erated. Labor and Delivery: As with all narcotics, administration of Lertab 
5/900 tablets to the mother shortly before delivery may resuit in some degree cf 
espiratory depression in the newborn, especially if higher doses are used. 
Nursing Mothers: It is not «aown whether this rug is excreted in human milk. 
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An Adverse Wound Environment 


Activates Leukocytes Prematurely 

Brent R. W. Moelleken, MD; Stephen J. Mathes, MD; 

Andreas Amerhauser, MD; 

Heinz Scheuenstuhl; Thomas K. Hunt, MD, San Francisco, Calif 

e Leukocytes from the unfavorable wound environment activate on wound entry; leukocytes 
from the MC wound respond better to a maximal challenge and may account for the 
enhanced bactericidal action of the MC. 
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Tumor Necrosis Factor Alone Does not Explain 


the Lethal Effect of Lipopolysaccharide 

Leopoldo Sánchez-Cantü, MD; Harold N. Rode, PhD; Theodore J. Yun; 

Nicolas V. Christou, MD, PhD, Montreal, Quebec 

@ TNF serum levels do not correlate with mortality; TNF alone does not explain the lethal 
effects of LPS. 


Effects of High-Dose IgG on Survival of Surgical Patients With 
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Lorenzo Dominioni, MD; Renzo Dionigi; MD, Varese, Italy; 
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Roberto Dionigi, MD, Varese, Italy; 
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@ High-dose IgG improves survival and decreases death due to septic shock in septic patients 
with a sepsis score greater than 20. 
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The Significance of Prophylactic Antibiotics 

John Yee, MD; Catherine M. Dixon, RN; A. Peter H. McLean, MD, FRCSC; 

Jonathan L. Meakins, MD, DSc, FRCSC, Montreal, Quebec 

€ This nosocomial infection car be associated with short courses of prophylactic antibiotics; 
perioperative prophylaxis should recognize CDAD as a potential complication. 


Relative Contributions of Host and Microbial Factors in 

Bacterial Translocation 

Carol L. Wells, PhD; Robert P. Jechorek, MS; 

Kristen |. Gillingham, MS; Minneapolis, Minn 

e |n monoassociated mice, bacterial translocation appears to depend more on the bacterial 
species than on genetic background or the immune status of the host. 
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Christopher C. Baker, MD, Chapel Hill, NC; 

A. Tracy Niven-Fairchild, New Haven, Conn; 

Alan Yamada, MD, Los Angeles, Calif; 

Cheryl L. Caragnano, New Haven, Conn; 

Thomas S. Kupper, MD, St Louis, Mo 

e The differences in mortality after CLP between the two strains of mice relate to supranormal 


or inadequate response to C,H/He) macrophage. 
Invited Commentary: Donald G. Maurrie, MD, PhD, Minneapolis, Minn 
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She's outbattled 

the Great Depression, 
her husband's death, 
and a myocardial 
infarction. 


Now she’s won a fight 
against gram-negative 
cholecystitis. 


For broad aerobic gram-negative 
coverage, including 

Pseudomonas aeruginosa, 4 
in serious intra-abdominal infections : 
— Peritonitis 

— Abscess 

— Appendicitis 


Please see the adjacent page for a brief summary of prescribing 
informatfon. 


*Due to susceptible organisms. 


" In the management of gram-negative infectian... 


Azactam 


aztreonam 











DESCRIPTION AZACT AM (aztreonam, Squibb) is the first member ef a new class 
ff antibiotics classified as. monobactams. AZACTAM is a totally synthetic bacteri- 
cidal antibiotic with activity against a wide spectrum of gram-negative aerobic 
pathogens. The monobactams, having a unique monocyclic beta-lactam nucleus, 
are structurally different fram other beta-lactam antibiotics. 
C AZACTAM For Injection is a sterile, nonpyrogenic, sodium-free, white to 
- yellowish-white lyophilized cake, containing approximately 780 mg arginine per 
gram of aztreonam for intramuscular or intravenous use following constitution. 
Aqueous solutions of the product have a pH in the range of 4.5-7.5. 


INDICATIONS AND USAGE - Before initiating treatment with AZACTAM, appropri- 
,ate specimens should be obtained for isolation of the causative organism(si and 
"for determination of susceptibility to aztreonam. Treatment with AZACTAM may be 
started empirically before results of the susceptibility testing are available; sub- 
sequently, appropriate antibiotic therapy should be continued. 
:CSAZACIAM For Injection is. indicated for the treatment of the following infections 
caused oy susceptible gram-negative microorganisms: Urinary Tract Infections 
"(complicated and uncomplicated), including pyelonephritis and cystitis (initial 
“and recurrent) caused bv Escherichia coii, Klebsiella pneumoniae, Proteus mirabilis, 
"Pseudomonas aeruginosa, Enterobacter cloacae, Klebsiella oxytoca”, Citrobacter 
species" and Serratia marcescens*. Lower Respiratory Tract infections, includ- 
ing pneumonia and bronchitis caused by Escherichia coli, Klebsiella pneumoniae, 
_ Pseudorponas aeruginosa, Haemophilus influenzae, Proteus mirabilis, Enterobacter 
“Species and Serratia marcescens". Septicemia caused by Escherichia coli, 
‘Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus mirabiis*, Serratia 
omarcescens* and Enterobacter species. Skin and Skin-Structure Infections, 
including those associated with postoperative wounds, ulcers and burns caused 
by Escherichia coli, Proteus mirabilis, Serratia marcescens, Enterobacter species, 
Pseudomonas aeruginosa, K'ebsiella pneumoniae, and Citrobacter species". Intra- 
abdominal Infections, including peritonitis caused by Escherichia coli, Klebsiella 
species, including K. pneurtoniae, Enterobacter species including E. cloacae", 
‘Pseudomonas aeruginosa, Ciirobacter species" including C. freundii* and Serratia 
- Species” including S. marcescens*. Gynecologic Infections, including endome- 
“tritis and pelvic cellulitis caused by Escherichia coli, Klebsiella preumoniae", 
_Enterobaster species* including E. cloacae", and Proteus mirabilis*. 
e AZACTAM is indicated for adjunctive therapy to surgery in the management of 
| 5 infections caused by susceptible organisms, including abscesses, infections com- 
~ plicating ^ollow viscus periocations, cutaneous infections and infections of se- 
^5 s tous surfaces. AZACTAM is effective against most of the commonly encountered 
-con gram-negative aerobic pathogens seen in general surgery. 
. Concurrent Therapy-- Concurrent initial therapy with other antimicrebial agents 
z and AZACTAM is recommended before the causative organism(s) s known in 
c seriously ili patients who are also at risk of having an infection dae to gram- 
5. positive aerobic pathogens. ifanaerobic organisms are also suspected, therapy 
^ should be initiated using an antianaerobic agent concurrently with AZACTAM. 
= Certain antibiotics (e.g.. cefoxitin, imipenem) may induce high levels of beta- 
-lactamase in vitro in some gram-negative aerobes such as Enterobacter and Pseu- 
c domonas species, resulting in antagonism to many beta-lactam antibiotics 
including aztreonam. These im vitro findings suggest that such beta-lactamase 
inducing antibiotics not be used concurrently with aztreonam. Following identifi- 
cation ard susceptibility testing, appropriate antibiotic therapy should be 
. Gontinuec. 
; CCONTRAINDICATION —Aztracnam is contraindicated in patients with known al- 
- lergy to this antibiotic. 
WARNINGS —Carefu! inquiry should be made for a history of hypersensitivity re- 
action to any antibiotic or other drugs. Antibiotics should be given with caution to 
y patient who has had seme form of allergy, particularly to drugs. it is 
recommended that patients who have had immediate hypersensitivity reactions 
g., anaphylactic or urticarial) tc penicillins and/or cephalosporins should be 
lowed - with special care. # an allergic reaction to aztreonam occurs, discon- 
inue the drug and institute supportive. treatment as appropriate (eg., mainte- 
nance of ventilation, pressor amines, aritihistamines, corticosteroids). Serious 
ersensitivity reactions may require epinephrine and other emergency 



































' iS. 2 -General:! in patiente w with impaired hepatic or renal function, ap- 
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used concurrently with aztreonam, especially if high dosages of the former are 


used or if therapy is prolonged, renal function should be monitored because of ^ 


the potential nephrotoxicity and ototoxicity of aminoglycoside antibiotics. The 
use of antibiotics may promote the overgrowth of nonsusceptible organisms, in- 
cluding gram-positive organisms and fungi. Should superinfection occur during 
therapy, appropriate measures should be taken. 


Carcinogenesis, Mutagenesis, impairment of Fertility—Carcinogenicity studies 

in animais have not been performed. Genetic toxicology studies performed in vivo 
and ín vitro with aztreonam in several standard laboratory models revealed no 
evidence of mutagenic potential at the chromosomal or gene level. Two-generation 
reproduction studies in rats at daily doses up to 20 times the maximum 
recommended human dose, prior to and during gestation and lactation, revealed 
no evideace of impaired fertility. There was a slightly reduced survival rate during 
the lactation period in the offspring of rats that received the highest dosage, but 
not in offspring of rats that received five times the maximum recommended hu- 
man dose. 


Pregnancy --Pregnancy Category B: Aztreonam crosses the placenta and enters 
the fetal circulation. Studies in pregnant rats and rabbits, with daily doses up to 15 
and 5 times, respectively, the maximum recommended human dose, revealed no 
eyidence of embryo- or fetotoxicity or teratogenicity. No drug induced changes 
were seen in any of the maternal, fetal or neonatal parameters that were monitored 
in rats receiving 15 times the maximum recommended human dose of aztreonam 
during iwe gestation and lactation. There are no adequate and well-controlled 
studies in pregnant women. Because animal reproduction studies are not always 
predictive of human response, aztreonam should be used during pregnancy only 
if clearly needed, 


Nursing Mothers—Aztreonam is excreted in breast milk in concentrations that 
are less than 196 of concentrations determined in simultaneously obtained mater- 
nal serum; consideration should be given to temporary discontinuation of nursing 
and use cf formula feedings. 


Pediatric Use -Safety and effectiveness have not been established in infants and 
children. 


ADVERSE REACTIONS —Local reactions such as phlebitis/thrombophlebitis fol- 
lowing IV administration, and discomfort/swelling at the injection site following IM 
administration occurred at rates of approximately 1.9% and 2.4%, respectively. Sys- 
temic reactions (considered to be related to therapy or of uncertain etiology) oc- 
curring atan incidence of 1 to 1.3% include diarrhea, nausea and/or vomiting, and 
rash. Reactions occurring at an incidence of less than 196 are listed within each 
body system in order of decreasing severity: Hypersensitivity-anaphylaxis. 
Hematologic-pancytopenia, neutropenia, thrombocytopenia, anemia, leukocyto- 
sis, thrombocytosis. Gastrointestinal— abdominal cramps: rare cases of C. difficile- 
associated diarrhea, including pseudomembranous colitis, or gastrointestinal 
bleeding have been reported. Dermatofogic—purpura, erythema multiforme, urti- 
caria, exfoliative dermatitis, petechiae, pruritus, diaphoresis. Cardiovascular—hypo- 
tension, transient ECG changes (ventricular bigeminy and PVC). Respiratory~one 
patient experienced flushing, chest pain, and dyspnea. Hepatobiliary—hepatitis, 
jaundice. Nervous System--seizure, confusion, vertigo, paresthesia, insomnia, diz- 
ziness. Musculoskeletai-muscular aches. Special Senses—tinnitus, diplopia, 
mouth ulcer, altered taste, numb tongue, sneezing and nasal congestion, halito- 
sis. Other—vaginal candidiasis, vaginitis, breast tenderness. Body as a Whole— 
weakness, headache, fever, malaise. 


Adverse Laboratory Changes-- Those reported without regard to drug relation- 
ship during clinical trials were: Hepatic~—elevations of AST (SGOT), ALT (SGPT), 
and alkalise phosphatase; signs or symptoms of hepatobiliary dysfunction oc- 
curred in less than 1% of recipients (see above). Hemic--increases in prothrom- 
bin and partial thromboplastin times, eosinophilia, positive Coombs test. 
Renal--increases in serum creatinine. 

OVERDOSAGE—if necessary, aztreonam may be cleared from the serum by 
hemodialysis and/or peritoneal dialysis. 


DOSAGE AND ADMINISTRATION Dosage adjustments are recommended for 
patients with impaired renal function, In elderly patients, estimates of creatinine 


clearance should be obtained and appropriate dosage modifications made if _ 


necessary. er 
HOW SUPPLIED—AZACTAM For Injection (Aztreonam For Injection) -Lyophilized— © ~ 
is supplied in single-dose 15 mL vials containing 500 mg, or 1 g/vial; in single- 
dose 30 mL vials containing 2 g/vial; and in single-dose 100 mL intravenous 
infusion bottles containing 500 mg or 1 g or 2 g/bottle. 
Consult package insert before prescribing AZACTAM (aztreonam) 
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Today's Hematinic: 
New Importance 
_ for Patients 
ndergoing S urgery 





A consequence of today's Trinsicon provides the nutrients 
transfusion climate needed to rebuild red cell mass 
[ |/Many surgeons prefer to tolerate anemia [ ]Provides iron as ferrous fumarate — for 
rather than use banked blood products’ optimal iron absorption? 

y, Growing use of autologous transfusions’ [ Also contains vitamin C, vitamin B12 
may also increase risk of pre- and with intrinsic factor, folic acid, and other 
postsurgical anemia B vitamins 
[ ]Postsurgical patients have substantially [ ]Helps restore cells pre- and postsurgically 


increased requirements for B-complex vita- 
mins, vitamin C, and minerals? 






TRINSICON 7: 
COMPLETE 
Hematinic Concentrate with Intrinsic Factor HEMATINIC 


Please see Brief Summary of Prescribing Information on adjacent page. 
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In: Sħils ME, Young VR, eds. Modern Nutrition in 
Health and Disease. 7th ed. Philadelphia, Pa: Lea & 
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TRINSICON* Brief Summa 
Hematinic Concentrate with Intrinsic Factor 
A Highly Potent Oral Antianemia Preparation 


INDICATIONS AND USAGE: TRINSICON® is a multi 
factor preparation effective n the treatment of anemias 
that respond to oral hemat nics, including pernicious 
anemia and other megalobiestic anemias and also iron 
deficiency anemia. Therapeutic quantities o 
hematopoietic factors that are known to be importan 
are present in the recommended daily dose 
CONTRAINDICATIONS: Hemochromatosis and 
hemosiderosis are contraindicat ons to iron therapy. 
PRECAUTIONS: General: Anemia is a manifestation 
that requires appropriate investigation to determine its 
Cause or causes. Folic acid alone is unwarranted in the 
treatment of pure vitamin B+ deficiency states, such as 
pernicicus anemia. Folic acid may obscure pernicious 
anemia in that the blood picture may revert to normal 
while neurological manifestations remain progressive. 
As with all preparations containing intrinsic factor, 
resistance may develop in some cases of pernicious 
anemia to the potentiation af absorption of physiologic 
doses o! vitamin B12. If resistance occurs, parenteral 
therapy er ora! therapy with so-called massive doses of 
vitamin B1? may be necessary lor adequate treatment of 
Ihe patient. No single regimen fits all cases, and the 
status of the patient observed in follow-up is the final 
criterion for adequacy of therapy. Periodic clinical and 
laboratory studies are considered essential and are rec- 
ommended. Pregnancy: Pregnancy Category C: 
Animal reproduction studies nave not been conducted 
with TRINSICON". It is also not known whether 
TRINSIC@N can cause fetal harm wien administered to 
a wh woman or can affect reproduction capacity. 
TRINSICON should be given to a pragnant women only 
if clearly needed. Nursing Mothers: It is not known 
whether this drug is excreted in human milk. Because 
many drugs are excreted in Numan milk, caution should 
be exercised when TRINSICON is administered to a 
nursing woman. Pediatric Use: Safety and effective- 
ness in cnildren below the age of 10 have not been 
established. ADVERSE REACTIONS: Rarely, iron in 
therapeutic doses produces gastrointestinal reactions. 
Such as ciarrhea or constipation. Reducing the dose 
and administering it with meats wll minimize these 
effects in ‘he iron-sensitive patient. In extremely rare 
instances, skin rash suggesting allergy has been noted 
following the oral administration ot liver-stomach 
material. Allergic sensitization has been reported fol- 
lowing both ora! and parenteral administration of folic 
acid. OVERDOSAGE: Symptoms: Those of iron 
intoxication, which may incluce pallor and cyanosis, 
vomiting, hematemesis, diarrhea, melena, shock, 
drowsiness, and coma. Treatment: For specific ther- 
apy, exchange transfusion anc chelating agents. For 
general management, gastric and ractal lavage with 
Sodium bicarbonate solution or milk, administration of 
intravenous fluids and electrolytes, and use of oxygen. 
DOSAGE AND ADMINISTRATION: One capsule 
twice a day. (Two capsules daily produce a standard 
response ir the average uncomolicated case of perni- 
cious anemia.) 

June 1990 


U 





Russ Pharmaceuticals, Inc 


Russ Pharmaceuticals, Inc., Birmingham, AL 35242 
Manufactured for Russ Pharmaceuticals, inc., by 
Central Pharmaceuticals, Inc., Seymour. IN 47274 


© 1990 Russ Pharmaceuticals. Inc., a subsidiary of 
Whitby Pharmaceuticals, Inc. Al! rights reserved. 


. 436 Printed in U.S.A. 








hy Association 


Collective action by independently practicing 
physicians can violate U.S. antitrust laws unless 
physicians proceed very cautiously. 


Case in point: 


At a recent medical society meeting, during 

the discussion of a proposed HMO agreement, 

several doctors said that they would not par- 

ticipate in the plan unless the payor iricreased 1 
reimbursement. If a substantial number of 

physicians later declined to participate in the 

HMO, the medical society and its members 

could be sued, and a jury could finc them 

guilty of a group boycott in violation of U.S. 

antitrust laws. 


This may be the most important book you'll ever read: 


Collective Negotiation and Antitrust 
A Guide for Physicians 


The American Medical Association, Office of 

the General Counsel, has published this book 
to help you avoid antitrust pitfalls and improve 
your ability to bargain effectively with payors. 





| pa. oe 


. Te Order, Call Today: 1-800-621-8335 





Price: $5.00 (AMA Members ) 
$7.50 (Non-members ) 
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*Achieves 96% favorable clinical response (resolu- 
tion + improvement) of infections due to suscep- 
tible strairs of indicated pathogens. See indicated 
organisms in prescribing information. 

tin vitro activity does not necessarily imply a correla- 
tion with in vivo results. 


NOTE: Concurrent administration of ciprofloxacin 
with theophylline may lead to elevated plasma 
concentrations of theophylline and prolongation of 
its elimination half-life. This may result in increased 
risk of theophylline-related adverse reactions. If 
concomitant use cannot be avoided, plasma levels 
of theophylline should be monitored and dosage 
adjustments made as appropriate. 


Antacids containing magnesium hydroxide or 
aluminum hydroxide interfere with the absorption 
of ciprofloxacin, resulting in serum and urine levels 
lower than desired; concurrent administration of 
these agents with ciprofloxacin should be avoided. 


A history cf hypersensitivity to ciprofloxacin is a 
contraindication to its use. A history of hyper- 
sensitivity to other quinolones may also contrain- 
dicate the use of ciprofloxacin. 


CIPRO* SHOULD NOT BE USED IN CHILDREN, 
ADOLESCENTS, OR PREGNANT WOMEN. 


See next page for brief summary of prescribing 
information. 


IN LOWER RESPIRATORY INFECTIONS 





CIPRO MAKES A TOUGH 





THERAPEUTIC CHOICE EASIER. 


Cipro’ achieved 96% clinical success in pneumonia, bronchitis, and 
bronchiectasis'* —even in patients who: 


m smoke, drink 

m have underlying conditions, such 
as COPD 

a are elderly or immunocompromised 





-Ipro 


cjorotioxacin HCV/MIIes 


m live in nursing homes 

m have a history of repeatec 
antibiotic use that has proven 
ineffective 


LZ CL! 
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The most potent fluoroquinolone. ` 








.. CIPRO* TABLETS —— 
 (ciprofloxacin HC Miles) - 


Z2 .. BRIEF SUMMARY —— cues 
CONSULT PACKAGE INSERT FOR FULL PRESCRIBING INFORMATION 
INDICATIONS AND USAGE — | 
Cipra is indicated fo: the treatment ot infections caused by susceptible strains of the designated micrsorganisms ia 
the senditions listed below: : 
Lower Respiratory infections caused by Eschercha coli, Klebsiella pneumoniae, Enterobacter cleacae. Proteus 


mirabilis, Pseudomonas aeruginosa, Haemophilus influenzae, Haemophilus parainfluenzae, and ..treptococcus 


Skin and Side Structure Infections caused by Escherichia coli, Klebsiella pneumoniae, Enterobacter chcacae. Proteus 
mirabilis, Proteus vulgaris, Providencie stuartii, Morganella morgane. Gitrobacter freundii, Pseudomonas 
aeriginosa, Staphylococcus aureus, Staphylococcus epidermidis, and Streptococcus pyogenes, 
Bone and Joint Infections caused by Catersbacter cloacae. Serratia marcescens, and Pseudomonas aeruginosa. 
Urinary Tract infections causad by Esceerichia coli, Klebsisla pneumoniae, Enterobacter cloacae, Serratia. mar- 
Cescens, Proteus mirabilis, Providencia cetigeri, Morganella morgani, Citrobacter diversus, Cilrobacter freund. 
 "Pstucontanas aeruginosa, Staphylococcus epidermis. and Streptococcus taécalis. 
Infectious Diarthea caused by Escherichia cali (anterctoxigenic strains), Campylobacter jejuni, Shigellastexneri,* and 
. Shigela sonne/* when antibacterial terase is indicateG. — 
*Efticacy for tus organism in this organ system was studied in fewer than 10 infections. 
CONTRAINDICATIONS 
A history of hypersensitivity to ciprottoxacin is a contraindication to its use. A history of hypersenissivity to other 
quing-ones may aiso contraindicate the use of ciprofloxacin. 
$ 


WARNING 
CIPRGFLOXACIN SHOULD NOT BE USECHN CHILDREN ADOLESCENTS, OR PREGNANT WOMEN. Thera! adminis- 
<t rater of cpestioxacia caused lameness in immetuse dogs. Histopathological examination of the weight-bearing 
_ Joints of these dogs revealed permanent lesions of the cartilage: Related drugs such as nalidixic acid, cooxacin, anc 
c ortiosacin also produced erosions of cartilage cf weght-bearing joints and other signs of arthropathe in immatue 
.'.; animas Of various species (SEE ANIMAL PHARMACOLOGY SECTION IN FULL PRESCRIBING INFORMATIONS 


c. General: As with other quinolones, cipratexacin rady cause central nervous system (CNS) stimulatias., which may 
_ lead tetremor, restlessness, lightheadedness, contusion, and rarely to hallucinations or convulsive sekiures. There- 
fore, oprotioxacin should be used with saton in patents. with known oF suspected CNS disorders, sich as severe 
“Cerebral arteriosclerosis or epilepsy, 3r oi factors which predispose te seizures (SEE ADVERSE REACTIONS), 
oo Anaphylactic reactions following the fstdese have been feported in patients receiving therapy wit quinciones. 
Some mactions were accompanied by cardiovascular collapse, oss of consciousness. tiging, pharyrgeal or faciat 
cU. edema: dyspnea, urticaria, anc itching Griya few patients hada history of hypersensitivity reaction. Anaphylactic 

;.; fe8CliGS May require epinephrine anc other emergency measures. Ciprofloxacin should he discontinued at the first 
Sign abhypersensitivity or allergy. 

Severe hypersensitivty reactions characerized by rash, fever eosinophilia, jaundice, and hepatic wecrosis with 
fatal outcome have been reported rarely (iess than.one per million prescriptions) in patients receiving ciprofloxacin 
^. along with other drugs. The possibility thal these reactions were related to ciprofloxacin cannot ^e excluded. 
i Ciprofloxacin should be discontinued at the firs! appearance of a skin rash or any sign of other hyserserisitivity 

" vfeaction. 

Crystals of ciprofloxacin have been observed rarely in the urine of human subjects but more frequent in the urine 
ofta3o«atory animals (SEE ANIMAL PHARMACOLOGY SECTION IN FULL PRESCRIBING INFORMATION: Crystalluria 
relatedito ciprofloxacin has been reported only rarely imman, because human urine is usually acidic. Patients receiving 
ciprofloxacin shouid be well hydrated. and a'kalitify of the uring should be avoided. The recommended daily dose 
showldinet be exceeded 

Aitesation of the dosage regimen is necessary for patients with impairment of renal function (SEE LOSAGE AND 
















1p interfere with the metabolism of cafleive. This may 














ofloxacin may result n overgrowth ofeionsuscep- 
nd microbial susceptibility testing sessential. H 





ofloxacin may increase the effects of fheopfiplline and caffeine. 





















‘Ciprofloxacin arr the test results are listed elow: 
E col 


NA Repair Assay (Negative). 

. Mouse Lymphoma Cell Forward Mutation Assay (Positiva) 
.. > Chinese Hamster Vos Cell HGPRT Test Negative) — 
.. Serian Hamster Embryo Cell Transtormation Assay (Negative) 

sccharbinyces cerevisiae Point Mutation Assay Negative) | 
Saccharomyces cerevisiae Mitotic Crsssover and Gene Conversion Assay (Negative) 
.' » Rat Hepatocyte DNA Repair Assay tPesitivei cde e de 
Thus. two of the eight tests were positive, but the results of the following three in vivo test systems gwe negative 
results: l l i 

.. Rat Hepatocyte DNA Repair Assay 

. Micronucieus TestiMice) 
2, Dominant Lethal Test (Mice) "m - 
Long-term carcinogenicity studies in rats anc mice have been completed, Atter daily oral dosing for utto 2 years, 
thereis n0 evidence that ciprofloxacin nad ary carcinogenic or tumorigenic effects in these species. 
Pregaency—Pieg y €: Reduction stedies have been performed in rats and mice at deses up to 6 
limes the usual daily human dose and hawe revealed no evidence of impaired fertility or harm to the tus due to 
Giprodlozacin. in rabbits. as with most artimicrobial agents, ciprofloxacin (30.and 100 mg/kg orally produced 
gastrointestinal disturbances resulting in maternal weight loss and an increased incidence ‘of abortion: No terato- 
genicityas observed at either dese. Aer intravenous administration, at doses up to 20 mg/kg, no maternal toxicity: 















 emiphed by inducing vomit 
- Megtment. Adequate hydrati 





! sfery.or engage in activities requiring mental alertness or coc dínation. — 
airmen: af Fertility: Eight in vitro mutagenicity tests have been corctucted with 





| as produced, and no embryotoxicity or teratogenicity was observed. There are, however, no adequate and well- 
"-eontrofled studies in pregnant women. SINCE CIPROFLOXACIN, LIKE OTHER DRUGS IN ITS. CLASS, CAUSES 


e ARTHROPATHY IN IMMATURE ANIMALS, IT SHOULD NOT BE USED IN PREGNANT WOMEN (SEE WARNINGS). 


Nursing Mothers: 1t is not known whether ciprofloxacin :s excreted n human milk; however, it is known that ^- 


— eiprofloxacia is excreted in the mik of lactating ráts and that other drugs of this class are excreted in human mili. 


Because ot this and because of the: potential for serious adverse reactions from.ciprofioxacm in nursing infants, a 
decision shauld be made fo discontinue nursing of to discontinue the drug. taking into account the importance of the 


15: ütug to the mother 
Pediatric ise: Patients under the age o T8were notincluded in the cinicaftrials of ciprotioxaca because ciprofioxacin 
- a8 welt as other quinolones causes arthropathy in immature animals. Ciprofloxacin should not be used in children or 
adolescents SEE WARNINGS; 


ADVERSE REACTIONS 


. Uiprofloxaci: i$ generally well tolerated, During clinical investigation, 2. 799 patients received 2,868 courses of the 
`. grug. Adverse events that were considered likely to-he drug related occurred in 7.3% of courses, possibly related in 


8.25, and remotely related in 3.0% Ciproflexacin was discontinued because of an adverse event in 3.5% of courses, 
primarily involving ihe gastrointestinal system (1.5%) skin (0.65) and central nervous system (0.495). Those events 
typical of qu'solones are italicized. 

The mast trequently reported events. drug related or not, were Rausea 1.255), diarrhea (2.3%), vomiting (2.095), 


_ abdominal pain discomfort (1. 755). headache (1.2%), restlessness (1.1%), and rash (1.1%) 


Additiunaievents that occurred it less than 1% of ciprofloxacin courses are listed Délow. 
GASTROINTESTINAL: (See above), painful oral mucosa, oral candidiasis. dysphagia. intestinal perforation, 
gastro estnial bleeding, — 
CENTRAL NERVOUS SYSTEM: (See above). dizziness. lightheadedness. insomnia, nightmares, hallucinations. 
manc reaction, inttabiity, tremor, ataxia, convulsive seizures, lethargy. drowsiness, weakness. malaise. 
anorexi, phobia. depersonalization. depression, paresthesia. : 
SKIN HYPERSENSITIVITY: (See above), pruritus, urticaria, photosensitivity flushing. fever, chills, 
anginedéema, edema of the face. neck, lips, conjunctivae or hands, cutaneous candidiasis. hyperpigmentation, 
eryitiema nodesum 
Allergic reactions ranging from ürticariato anaphylactic reactions have been reported (SEE PRECAUTIONS } 
SPECIAL SENSES: blurred vision, disturbed vision (change-iw color perception. Overbrightness of lights). 
decraased visual acuity, diplopia, eye pain, tinnitus, hearing joss: bad taste 
MUSCULOSKELETAL. joint or back pain, joint stiffness, achiness, neck or chest pain, flare-up of gout 
RENAL. UROGENITAL: interstitial nephritis, néphritis, renal failure. polyuria, urinary retention, urethral bleed- 
Hg, vaginitis, acidosis 
CARDIOVASCULAR: palpitations, atrial flutter, ventricular eptopy, syncope, hypertension, angina pectoris. 
myocardial infarction, cardiopulmonary arrest, cerebral thrombosis 
RESPIRATORY: epistaxis, laryngeal dr pulmonary edema; hitequg', hemoptysis. dysanea. bronchospasm, 
pulmonary embolism. ; 
Mast of the adverse events reported were descnbedas only mid or moderate in severity, abated soon after the drug 
was discontimued, and required no treatment ` ; 
in several instances, nausea. vomiting, tremor, restiessness , agitation, or palpitations were fudged by investigators 
to be retated to elevated plasma leveis at theaphyiline possibly as a result cf a drug interaction with ciprofloxacin 
Other adverse events reported in the pastmarketing ptiase include asaphylactotd reactions, Stevens-Johnson 
syndrome. exfoliative dermatitis, toxic epidermal necrolysis, hepatic tectesis, postural hypotension, possible exac- 
erbation of rmyasthenia gravis. contusion, dysahasia, nyslagmus. pseudomembranous colitis. dyspepsia, flatulence, 


“afd constipation. Also reported were agranulocytosis: elevation of serum triglycerides. serum cholesterol, blood 


giücose, serum potassium: prolongation of prothrombin time: albuminuria candiduria. vaginal candidiasis: and renal 


:-dicul (SEE PRECAUTIONS), 


Adverse Laboratory Changes: Changes in laboratory parameters tisted as adverse events without regard to drug 


relationship 


Hepatic-— Elevations of ALT (SGPT) (T 9*4), AST (SGOT; (1.7%), alkaline phosphatase 10.8%), LDH (0.4%), 
Serum pirun (0.3%) Svo SCC M 
Cheiestabe jaundice has been reported. a 
Hematuogic—Eosinaphilia (6.6%), ieukopenia (4%, decreased blood platelets (01 
platelets (0.1%), pancytopenia 10.1%). 
Rena:-—levations of Serum creatinine (1,199), BUNA, 9%), s Tr 
CRYSTALLURIA, CYLINDRURIA, AND HEMATURIA HAVE BEEN REPORTED. Finest 


Su) elevated-blood- 


“Other changes occurring in tess than 0.1% of courses were: Elevation of serem gammagiutamy! transferase, elevation 


of-serum amylase, reduction. in blood glucose, elevated uric acid. decrease in hemoglobin, anemia, bleeding 


.. diathesis, increase in blood monocytes, and ipukocytosis. - 


Information cn overdosage in humans is not available. 1r the event of acute overdosage, the stomach should be 
iing of by gastric lavage. The patient should be carefully observed and given supportive 
must be maintained: Only a small amount of ciprofloxacin (-< 10%) i6 removed from 










led infections, a dosage of 750 










fig every i2heurs. : | hes 
osage is. recommended (SEE DOSAGE AND ADMINIS- 





cin HUE Miles) is a tablets of 250 mg. 500. mg. and 750 mg ini bottles of 50. and in Unit- 
Dose packages of 100 (SEE FULL PRESCRIBING INFORMATION FOR COMPLETE DESCRIPTION) 

elerences: 1, Data on file, Miles inc Pharmaceutical Division. 2. Barry AL, Jones RN, Thomnsberry 
C, et al. Antibacterial activities of ciprofloxacin. norfloxacin, oxolinic acid, cinoxacin, and nalidixic 


/Mitesi is availabie as 





* acid. Antimicrob Agents Chemothar. 1984/25:633-637. X Guimaraes MA, Noone P. The 
Comparative in-vilro activity of norfloxacin, ciprofloxacin, enoxacin and nalidiic acid against 423 
Strains of grarr-negative rods and staphylocacci isolated from infected hospitalised patients. J 


Antimicrob Chemother 1986,17-63-67. 4. Van Caekenberghe DL. Pattyn SR. in vitto activity of 
cyyoloxacin compared with those of other new fluonnated piperazinyl-substituted quinotone 


Genvatives. Antimicrob Agents Chemother. 1084/25:518-521. 


For further information, contad the Miles Information Service: 
1-800-642-4776. in VA, call collet: 703-391-7888. bs 
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s study included 71 cadavers used for anatomicai dissec- 
id undergone cholecystectomies. Of these five, 7% 
id si type of hepatic artery injury. The subjects all had 
ived at least 1 year after cholecystectomy and had normal 
livers. The mechanisms of this injury, its pathophysiology, and 
-ois tion are discussed. 
(Arch Surg. 1991;126:137-138) 






ne of the major dangers of cholecystectomy is the poten- 
tial injury of the hepatic artery. The right hepatie artery 
is partieularly at risk. 

Some 20 years ago, I enceuntered a cadaver in the dissect- 
ing room that had undergone a cholecystectomy 31 years 
before death. The right hepatic artery had been ligated just 
distal to its origin from the common hepatic artery. No acces- 

= $ory arterial supply was found, and the right lobe of the liver 

4 . Was entirely normal, both grossly and microscopically. This 

<> observation motivated me tc define the incidence of this major 
^... technical error and attempt to evaluate its significance. 


MATERIALS AND METHODS 


~All cadavers used in the gross anatomy course at the University of 
California, San Diego, School of Medicine during the past 20 years 
. were examined. Cadavers that had undergone cholecystectomy un- 
| derwent. cissection of the hilum to demonstrate the vascular anato- 
my. If abnormalities were evident, they were recorded in either.a 
"sketch or photograph, and the medical history of the cadaver was 
| reviewed. t uic the. date of the: Pelee y Whenever 





management of neoplasia i in the liver’ furthe 
relatively benign: nature of hepatic artery interraptior 
absence of risk fa y as diminished portal flow, : 





der “Anomalies of the arterial blood supply ( parti 








ligament. It had been interrupted in the hilum some 3 em 
above the cystie duet entry. However, most of it had re- 
mained patent because the right gastric artery originated 
from it 2 em below the ligation. Finally, in one cadaver the. 
right hepatic artery bifurcated close to its origin, and its- — 
posterior branch had been clipped with the same clip that — . 
occluded the cystic duct stump. P 

In none of the cadavers was any atrophy or other gross "n 
abnormality evident in the dearterialized region, and histo- 
logic examination of three cadavers showed no differences = 
between the parenchyma in this region and the left (centro ^ 
lobe. 

The date of cholecystectomy could be established ir three 
cases: it had been performed 7, 16, and 31 years before death. — 
In the two cholecystectomies that could not be dated, healing 
was complete, solid fibrous tissue was present, and death ` 
very likely occurred at least 9 to 12 months after surgery. 


COMMENT 


Until the 1960s, ligation of the hepatic artery or one of its 
major branches was thought to be a dangerous error with 
often lethal consequences.’ In 1964, Brittain et al’ came to the 
contrasting conclusion that unless reduced portal blood flow, 
sepsis, or anoxia was present, hepatic artery ligation was not ^ 
a lethal injury. Increased portal venous oxygen extraction. —_ 
and the development of collateral circulation permitted sur- — 
vival of the affected zone. Interest in hepatic dearterial zation 
in the management of liver trauma further confirmed this. 
observation.’ These experiences were based on the observ: 
tions of Michels,’ who deseribed some 25 anatomic pathway 
that are potential sources of collateral flow to the: 
artery. The review by Rappaport and Schneiderman’ : 
rizes the literature and the authors’ work in this field. 
studies applying hepatic art erial ligation or cann datic 
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. Hepatic Artery Anomalies (N — 71) 


Replaced or accessory right hepatic artery (from 







superior mesenteric artery) 12 (17) 
Replaced or accessory left hepatic artery (from 
left gastric artery) 8 (11) 
Replaced right and accessory left hepatic arteries 3 (4) 






Common hepatic artery (from superior 
mesenteric artery) 






an aceessory or rep.aced right hepatic artery) tend to compli- 
cate the dissections and further predispose to accidents. Pre- 
vention of this type of injury is not difficult if the artery is 
traced well onto the gallbladder and — particularly when it is 
larger than the usual cystie artery —one ascertains that the 
vesse: does not loop back into the peritoneal reflection be- 
tween the gallbladder ard liver to ascend into the hi'um. 

Two other mechanisms of potential injury shoulc be men- 
tioned. One is catching the posteriorly placed hepatic artery 
in a clip used to occlude the eystie duct. This ean be prevented 
by carefully clearing the posterior aspect of the cystic duct- 
common duct junction to ascertain that no posterior struc- 
tures are at risk. In the other, hemorrhage, usually resulting 
from loss of the cystic artery stump, and hurried or panicky 
attempts to gain control without adequate visualization, pre- 
disposes to injury of structures in the hepatoduodenal liga- 
ment. This problem often causes common duct injuries. It is 
best managed by adequate exposure, suction, and lighting 








The author has opened a fascinating window into the issue of 

iatrogenic injury of the right hepatic artery during cholecystectomy. 

If it were possible to extrapolate these data (ie, a 7% incidence of 

injury) to the general population undergoing conventional cholecys- 

.j tectomy, a prodigious volume of patients would experience this 

injury. (One hesitates to ponder what this incidence will be with 
endoscopic cholecystectomy!) 

The clinical question posed is whether right hepatic artery injury 
during cholecystectomy is asseciated with significant hepatic or other 
morbidity. If this injury is as common as Dr Halasz’s data suggest, 
and were it associated with high levels of morbidity, one would expect 

| to see many patients with clinical manifestations of this iatrogenesis 
-| i any major hospital. That this has not been the case implies that 

| right hepatic artery injury is generally well tolerated. The literature 
on this subject, often anecdotal and rather outdated, is somewhat 
. eontradictory, with case reports of fatalities contrasting with ones in 
whick no serious morbidity occurred. This study found noevidence of 
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and, while emphasizing that this should not be an excuse for sur 







rted a series of intentional ligations of. 
rrect bleeding esophageal varices. 











and the use of a Pringle maneuver to obtain temporary 
hemostasis. 

In elective cholecystectomies, hepatic artery injury ap- 
pears to be fairly common. Five (796) of 71 cadavers of long- 
term survivors of cholecystectomy showed evidence of such 
injury. The number is surprisingly high, perhaps as a reflec- 
tion of older techniques and the relatively recent popularity of 
the top-down approach to cholecystectomy, whereby the gall- 
bladder is first moved from the liver bed and the hilar anato- 
my then exposed in what many believe is a safer fashion. 

These observations must not be taken as an excuse for 
careless cholecystectomy. Hepatic artery injury remains a 
potentially serious complication. I have attempted to outline 
some approaches to minimizing its frequency. Many of these 
considerations also apply to laparoscopic cholecystectomy, 
where-exposure of the hepatic artery is more limited. 
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Invited Commentary 


cell damage greatly increase the hazardous effects of hepatic artery 
interruption. 

The possible role of sepsis in complieating hepatic artery interrup- 
tion was investigated by Schlatten, ° who noted that most fatalities 
from hepatie artery ligation during cholecystectomy occurred in the 
preantibietic era. He found a nearly 100% mortality rate from 
clostridial sepsis in dogs with completely dearterialized livers. Pre- 
treatment with neomycin almost totally abolished fatality from this 
condition. Sehlatten suggested that this process might also take place 
in man, and that administration of antibioties would again protect 
against mortality. However, this phenomenon is likely unique to dogs 
beeause most dogs normally have enterie bacteria in their portal 
venous bleod, a circumstance that does not oceur in man. 

Dr Halasz’s recommendation of gallbladder fundus mobilization 
from above downward during cholecystectomy prior to hilar dissec- 
tion is worthy of reemphasis. This is a simple and effective maneuver 
that can greatly limit the chance of iatrogenic injury to major vascular 


and ductal structures. Surgeons should remember that the so-called 
normal anatomy of the hepatic artery exists in just more than 50% of 


individuals." 


JOSEPH A. IcNATIUS, MD 
San Francisco, Calif 
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Target Organ Response in 


Experimental Acute Pancreatitis 


Pinhas P. Schachter, MD; Mark D. Christy, MHS; Bruce Lobaugh, PhD; George S. Leight, Jr, MD 


x è To determine changes in parathyroid hormone secretion 
LE and target organ response caused by acute pancreatitis before 
the development of systemic toxic conditions, experimental 
ene itis was induced in rats with a choline-deficient, 
ee ethionine-supplemented diet. After 7 days, the rats were weighed 
and bled, and one kidney was assayed for 25-hydroxyvitamin D, 










-— hydroxylase activity. Several manifestations of pancreatitis were 
observ edin rats given the diet: weight loss (from 29.6 to 26.3 g vs 
acne that for: control rats, from 29 to 52.8 g) and lower dietary intake 
< (15.5 vs 47 | g per rat per 7 days). Serum amylase levels feli from 
1794 to 350 U/L in rats given the choline-deficient, ethionine- 
supplemented diet compared with levels of 1800 to 2100 U/L in 
control rats. The pancreases of rats given the choline-deficient, 
ethionine-supplemented diet showed degeneration, necrosis, 

and hemorrhaging. Serum levels of calcium, phosphorus, chlo- 

ride, and parathyroid hormone did not change significantly 
throughout the experiment. Renal 25-hydroxyvitamin D, hy- 
E droxylase activity was higher than in control rats (8.9 - 0. 8 vs 
c. 76:0.6fmol/mg of kidney per minute). Acute pancreatitis in this 
uos UN perimental animal model does not alter serum levels of caici- 



















__um and parathyroid hormone or reduce target organ responsive- 
E ness to the hormone. 
(Ar n Suro 1991; 126: 139-142) 






ces of cidunt RRT are commor: in pa- 
ith acute hemorrhagic pancreatitis. Indeed, hy- 
is an important. etiologie factor in the disease.” 
ve reported a 30% incidence of acute pancreatitis 
realeemic crisis caused by hyperpara:hyroid 
&.'^* On the other hand, acute pancreatitis is often 
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he Seventh International Cónferehed on Advanced. "Hepato- 
urgery, Lund, Sweden, June 15, 1989. - 

sts to Department of Surgery, Box 3518, Duke University 
Durham, NC 27710 (Dr MINOR, 


associated with hypocalcemia, a factor that strongly eorre- = 
lates with disease severity, the likelihood that other complica- —- 
tions will develop, and a grave prognosis." d 

While a number of controversial hypotheses have been . 
proposed to account for the development of hypocalcemia in |... 
patients with acute pancreatitis, the mechanisms underlying —— — 
this phenomenon are unknown. Clinical studies have focused __ 
on hypocalcemic patients with very severe pancreatitis who —. 
have already manifested systemic toxic reaction and multior- . 
gan failure. In these patients, however, redistribution of 
perfusion mainly to vital organs may affect. endocrine function —__ 
and target organ response to hormones. Consequently tradi- ^. 
tional evaluation of calcium homeostasis in such subjects may ——— 
not yield reliable results regarding the direct effect of panere- T 
atitis on caleium metabolism. : 

This study was undertaken to determine the influence of 
acute necrotizing pancreatitis on serum parathyroid hormone —__ 
(PTH) levels and renal 25-hydroxyvitamin D, hydroxylase __ 
activity (an index of PTH target organ responsiveness) before UN 
the onset of confounding systemic complications. d APR 


MATERIALS AND METHODS. 


Ten pairs of Fisher 344 male rats (Charles River banaue 
Wilmington, Mass) (weighing 25 to 35 g), 22 to Z5 days olc were 
weighed, bled via retro-orbital sinus puncture, and placed in 10 
metabolic cages (to allow accurate determination. of food intake). 
Experimental acute pancreatitis was induced in one group of rats by 
feeding them a choline-deficient, ethionine-supplemented (CDE) diet ` 
(ICN Biomedical Inc, Cleveland, Ohio) ad libitum. & second group of. 
rats received standard rodent chow and served as controls. After T.: 
days, the rats were reweighed, bled via cardiae puneture, and xilled 
One kidney was excised from each for assay of renal25-hydroxyvit 
min D, hydroxylase activity by our previously described method 
Serum samples were analyzed for total calcium, chloride, phespho- 
rus, and amylase concentrations using a reflectance spectrophot 
metry analyzer (Kodak Ektachem DT-60 Analyzer, Eastman Xod 
Co, Rochester, NY). In addition, a midregion specific PTH radioit 
munoassay (INC Star Corp, Stillwater, Minn) was employed toqua 
tify serum PTH. This assay is based on a standard extracted te n 
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Fig 1.—General indices of acute pancreatitis. Open bars represent the 
mean preexperiment values of all rats; shaded bars, values at death. 


parathyroid glands and recognizes PTH species containing the amino 
acid sequence 53-68, 

Data are expressed as mean+SE. The significance of differences 
between groups was evaluated by Student’s unpaired two-tailed 


t test. 
RESULTS 


Several general manifestations of acute pancreatitis were 
noted in rats fed the CDE diet (Fig 1). Over the 7 days, these 
rats lost weight (from 29.6+1.04 to 26.3+0.62 g; P=.006), 
while rats on the control ration grew significantly (from 
29.0 = 0.85 to 52.8 7 0.96 g; P=.001). Indeed, food intake was 
three times higher in the rats fed the standard rodent chow 
than in rats given the CDE diet: 47.0 —- 0.2 vs 15.5 0.9 g per 
rat per 7 days (P —.001). Serum amylase levels fell in rats 
given the CDE diet from 1794+63.8 to 350+29.4 U/L 
(P = .001), while no significant change in serum amylase con- 
centration occurred in rats fed the standard diet (2121+ 
351.3 U/L; P =.386). In this animal m of pancreatitis, a 









decrease in serum amylase levels is characteristic, although it 
does not correlate with the severity of the pancreatic degen- 
eration. Finally, CDE diet-fed rats demonstrated maero- 
scopieally shrunken, hemorrhagic pancreases with extensive 
peripancreatic fat necrosis (Fig 2). fixed wet weight of 
these pancreases was significantly lower than in the control 
rats: 0.1+0.06 vs 0.4+0.01 g, respectively (P = .04). Micro- 
scopically, vacuolization of the exocrine cells appeared al- 
ready on day 2 of the experiment. The lesion intensified and 
progressed to necrosis of the cells by day 3. On days 4 and 5, 
widespread fat and exocrine cell necrosis with infiltration by 
inflammatory cells was evident (Fig 3). Extravasated red 
blood celis as well as incipient proliferation of immature fibro- 
blasts characterized the acute pancreatitis at this point. 
Despite the development of acute pancreatitis in the rats 
fed the CDE diet, as evidenced by the findings described 
above, serum concentrations of calcium, phosphorus, chlo- 
ride, and PTH were unaltered in these rats between days 0 
and 7 (Fig 4). Serum concentrations of lipase and free fatty 
acids were not measured owing to small serum sample vol- 
umes obtained from these young rats. In addition, no evi- 
dence of diminished target organ responsiveness tc PTH was 
observed in the rats with acute pancreatitis. In fact, renal 25- 
hydroxyvitamin D, hydroxylase activity was slightly but sig- 
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Fig 2. —Macroscopic appearance at death of the pancreas of a rat fed 
the cho'ine-deficient, ethionine-supplemented diet. Note the shrink- 
age of the gland and the scattered hemorrhages. 





nifieartly higher in these rats than in the control rats 
(8.92 +0.37 vs 7.65+0.27 fmol/mg of kidney per minute; 
P = .026). 


COMMENT 


Experimental acute pancreatitis induced in animals with an 
ethionine-supplemented diet was first described in 1950 by 
Farber and Popper’ and Goldberg et al.” Lombardi et al" 
further developed this model in rats, introducing the CDE 
diet. Ethionine blocks the release of zymogen granules, which 
contain the pancreatic enzymes, into the pancreatic duct Sys- 
tem. This effect is enhanced by simultaneous choline deficien- 
cy. Subsequent intrapancreatic activation of the proteolytic 
enzymes is followed by inflammation, hemorrhage, and ne- 
crosis of the gland." The severity of acute hemorrhagic 
pancreatitis in the rat model is conditioned by factors such as 
age and sex. Young female rats are highly affected, with 100% 
mortality on the fourth or fifth day of continuous CDE diet 
intake. In young male rats, a milder form of the disease 
develops, with an overall mortality of 70%." For this reason, 
males were chosen for the present experiment. All rats fed 
the CDE diet for 7 days demonstrated general manifestations 
of pancreatitis, as shown in Fig 1. Macroscopic and microscop- 
ic intrapancreatic hemorrhages were noted, and the organs 
were shrunken, with severe distortion and destruction of the 
pancreatic acini. All rats fed the CDE diet exhibited a signifi- 
cant drop in serum amylase values owing to ethionine inhibi- 
tion o? pancreatic enzyme secretion.'* Nevertheless, all rats 
survived the 7-day period. 

Recent research has shown that the cascade of acute pan- 
creati-is starts by activation of proteolytic enzymes (by lyso- 
somal hydroxylases) within and not outside the pancreatic 
acinar cell as previously believed." How different etiologic 
factors initiate these intracellular events is unknown, but 
once the proteolytic enzymes have been activated, the disease 
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Fig 3. — Top and bottom, Microscopic appear- 
ance of the pancreas of a rat fec the choline- 
deficient, ethionine-supplemented diet. Note 
the widespread necrosis and infiltration of 
polymorphonuclear and mononuclear inflam- 
matory celis (hematoxylin-eosin. x 40). 


has a self-perpetuating course, regardless of the inducing 
factor. The early intracellular events, the nature of hemor- 
rhagic necrosis, and the severity of the outcome in this model 
closely resemble the human disease. ^'^ Moreover, this ex- 
perimental model is noninvasive and highly reproducible, and 
the slow development of the lesions is advantageous to the 
study of the direct effect of the disease on caleium and PTH 
metabolism. 

A number of hypotheses have been proposed to account for 
the development of hypocaleemia in patients with acute pan- 
creatitis. The most widely aecepted proposal involves binding 
of calcium to fatty acids released by local lipolysis, to form 
calcium soaps in the peripancreatic areas of fat necrosis.” 
Other potential mechanisms include high serum levels of free 
fatty acids, which bind ionized calcium*”; hypomagnesemia”; 
and glucagon and/or calcitonin hypersecretion.“ Controver- 
sy still exists regarding parathyroid gland function and PTH 


. metabolism in response to the hypocalcemia of clinical acute 


pancreatitis. McMahon et al” reported subnormal levels of 
PTH in patients with severe pancreatitis and hypocalcemia. 
Weir et al,” Imrie et al,” and Condon et al” reported increased 
levels of PTH as the cause of hypocalcemia in patients with 
pancreatitic hypocalcemia, suggesting a failure of the target 
organs to respond to PTH. Robertson et al” described an 
inappropriate response of the parathyroid gland to hypocalce- 
mia (normal basal PTH levels that do not increase in response 
to hypocalcemia) in nine patients with pancreatitis but con- 
firmed the target organ responsiveness to exogenous PTH 
administration. However, since only one PTH measurement 
was performed (at variable points of the disease), changes in 
PTH levels could not be detected. Hauser et al” also reported 
significant elevations of PTH and 1,25-hydroxyvitamin D in 
pancreatitic hypocalcemia, implying a selective target organ 
failure (bone and renal tubules) to increased PTH levels. In 
their opinion, pancreatitic hypocalcemia represents the fail- 
ure of the bone to respond to PTH and vitamin D owing to poor 
tissue perfusion and shock. 

These studies, like much of the research on the effect of 


Arch Surg — Vol 126, February 1991 





100 | 3.23 
i $ 2 


















Phosphate, Calcium, PTH, Renal 
mmol/L mmol/L pmol/L 25-Hydřoxyvitamin D, 
Hydroxylase 
Activity, 
fmol/mg of 
Kidney per min 
2.50 | 100 
12 12 en i1 x 
Group Group Group Group 





Fig 4.— Indices of calcium homeostasis. Open bars represent the mean preexperimentvalues 
of all rats; shaded bars, values at death. 


acute pancreatitis on calcium homeostasis, have been based - 


on hypocaleemic subjects. Severe attacks of pancreatitis that 
induce hypocalcemia are characterized by systemic toxic ef- 
fects and multiorgan failure. We believe that hypocalcemia 
occurs secondary to poor tissue perfusion and shock rather 
than as a direct consequence of the inflammatory process in 
the pancreas. The hypocalcemia in these patients is an early 
index that complications will ensue and that the prognosis is 
poor. 
In contrast, our results, based on a normoealcemic animal 
model of acute pancreatitis, indicate no effect of the disease on 
serum PTH levels. The higher renal 25-hydroxyvitamin D, 
hydroxylase activity, a sensitive index of PTH bioactivity," in 
the experimental animals could indicate small fluctuations in 
PTH levels that were not detected by the one PTH measure- 
ment or response of the renal enzyme to miner alterations in 
calcium levels. Similarly, McMahon et al" reported an in- 
creased renal response in patients with pancreatic hypocalce- 
mia, although serum PTH values did not change signifieantly. 
Acute pancreatitis in this experimental animal system nei- 
ther directly affects serum calcium and PTH levels nor re- 
duces target organ responsiveness to PTH. How this model is 
related to the clinical situation, in which hypocalcemia devel- 


ops in patients with severe pancreatitis, remains obscure, - 


although one could speculate that the shock, hypovelemia, 
and poor tissue perfusion that develop in these patients may 
be of more importance than subtle changes in PTH 
metabolism. aeuum IS 
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Surgical Abbreviations Appearing 
in the ARCHIvES In 1990 


2D-PAGE: Two-dimensional polyacrylamide 
gel electrophoresis | 
E-keto-PGF, ,: 6-keto prostaglandin F., 
"AH, Alternate complement pathway 
ATI: Angiotensin IT _ 
APACHE: Acute physiology and chronic 
health evaluation 
AVP: Vasopressin 
EANS: Back, arms, neck, scalp 
CCKOP: Cholecystokinin octapeptide 
CgA: Chromogranin A 
CH, Classic complement pathway 
CI: Chemotactic index 
DGR: Duodenogastric reflux 
OTH: Delayed-type hypersensitivity 
ECL: Enterochromaffinlike 
EGF: Epidermal growth factor 
£MLP: Formyl-methionyleucylphenylalanine 
HBSS: Hank' balanced salt solution 








ICA: Immunocytochemical assays 
IL-1: Inter | 


leukin 1 


ISS: Injury severity score 
ISVB: In situ vein bypass 
LPS: Lipopolysaecharide (endotoxin) 


MDP: Muramyldipeptide 
:MEN: Multiple endocrine neoplasm 


mRNA:Messenger ribonucleic acid a 
MTs: Metallothioneins i 
NCF: Neutrophil chemotactic factor 

NPY: Neuropeptide Y 

OFR: Oxygen free radicals 

PAC: Pulmonary artery catheter 


.. PCA: Procoagulant activity 


PGE,: Prostaglandin E, 


|. PIF: Preteolysis-inducing factor 


PMA: Phorbol myristate acetate 
PTFE: Polyltetrafluoroethylene 


_ SOD: Superoxide dismutase 


SVR: Systemic vaseular resistance 
TNF-a: Tumor necrosis factor alpha 
TXB,: Thromboxane B, 

VOD: Hepatic veno-ocelusive disease 
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umoral Immunity in Surgical Patients 
With and Without Trauma 





Remi P, Sehneider, MD; Nicolas V. Christou, MD, PhD; Jonathan L. Meakins, MD, DSe; Carl Nohr, MD, PhD 


e We measured antitetanus toxoid antibody responses after 
blunt (n= 24) and penetrating (n= 7) trauma and compared them 
with responses in patients without trauma (n= 55). Patients were 

< >c defined as anergic or reactive on the basis of delayed type hyper- 
_ . sensitivity response. The response to tetanus toxoid vaccination 
gn admission of patients surviving trauma for over 2 weeks was 
i5. defined as the ratio of day 14 to day 0 serum IgG antitetanus 
toxoid levels. Antitetanus toxoid responses were normal after 
^v both blurt and penetrating trauma. When stratifled according to 
| delayed type hypersensitivity responses, patients with trauma 
_ showed better antibody responses than patients without trauma. 
-Major infection rates were similar between trauma groups (three 
of 24 with blunt trauma vs two of seven with penetrating trauma) 
and independent of delayed type hypersensitivity (two of 20 
reactive patients vs three of 11 anergic patients), in contrast to 
patients without trauma (one of 19 reactive patients vs 15 of 36 
anergic patients). We conclude that decreased delayed type hy- 
persensitivity after moderate trauma is temporary, and that this 
transient immunodeficiency is not as strongly associated with 
reduced antibody responses and increased risk of infection as 
-anergy in surgical patients without trauma. | 
(Arch Surg. 1991;126:143-148) — 



















a is a frequent cause of morbidity and mortality in 
patients both with and without trauma. Many 
es in host antibacterial defense mechanisms have 
bed in diverse groups of surgical patients, includ- 
sed neutrophil chemotaxis,’ serum inhibitors of 
is," reduced in vivo inflammation,’ altered phagocy- 
illing,’ and decreased T cells." Surgical patients 
ys be said to have an acquired immunodeficiency. A 

ed indicator of altered immunity is the delayed type 
tivity (DTH) skin test response of five recall anti- 
e absence of response, or anergy, is related to an 
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increased incidence of sepsis and death in general surgical | 
patients.’ In this context, altered DTH is viewed asanonspe- o 
cific indicator of altered host immunity." ET 
The causes of the observed alterations in measurable as- ^ 
pects of host immunity and functional implications for host — 
survival remain largely speculative. Age, malnutrition, ma- — 
lignancy, blood transfusion, surgery, trauma, stress, and — 
infection may singly, or in combination, produce the observed ^ - 
changes in systemic host defense mechanisms in a given 
patient. Also, heterogeneity in general physiologic status is 
inereasingly recognized as an important variable in determin- 
ing outeome of acute surgical illness. This variable can be 
quantitated by the APACHE (acute physiology and chronie — 
health evaluation) II score of Knaus et al." iE 
Humoral immunity is an important host antibacterial de- . 
fense system. Levels of antibacterial antibody have been 
shown to relate to outcome of infection." The sine qua non o 
normal in vivo B-cell function is a specific antibody respon: 
the host to recent antigen encounter. Therefore, hum 
immunity is best assessed by the study of responsiveness t 
vaccination.” We have previously shown that antibody re- 
sponses to tetanus toxoid (TT) are reduced among all surgical- 
patients without trauma, especially those with reduced DTH 
responses, ^^ E 
The primary objectives of the present study were to mea- 
sure antibody responses after trauma and to compare the 
established, relatively long-term immunodeficiency seen in. 
patients without trauma with the acute, relatively short-term 
immunodeficiency observed after traumatic injury. We stud 
ied alterations in DTH and antibody responses, and sought 
secondary objectives correlations of abnormal immune : 
sponses with clinical course, a modified injury severity seore 
(MISS), and deranged physiologie features measured with 
APACHE II scores. 
MATERIALS AND METHODS 
Patient Population | 
Patients admitted to the surgical wards and intensive care unit of 5E 
the Royal Victoria Hospital, Montreal, Quebec, were studied. Pa- o 
tients without trauma represented a diagnostically heterogeneous © 
group including malignancy, vascular disease, and miscellaneous = 
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: conditions. Patients with trauma were subdivided according to the 
. mechanism of injury into blunt trauma (BT) and penetrating trauma 
PT) groups. Exclusion criteria were pregnancy, corticosteroid treat- 
ment, chemotherapy er radiotherapy in the previous year, history of 
splenectomy, renal failure requiring dialysis, death before 14 days 
_ after vaccination, or a history of TT booster injection in the previous 2 
: years. Patients with trauma receiving tetanus hyperimmune globulin 
Connaught, Toronto, Cnt) at the same time as booster vaccination 
¿with TT, or plasma, were not excluded (see “Results” section), The 
_ study was approved by the Ethics Review Committee of the Royal 
- Victoria Hospital, and informed consent was obtained. 
Patients were followed up prospectively for evolution of illness and 
, outcome. Major infection was defined as the occurrence of a positive 
_blood culture, cholangitis, or intracavitary abscess proved at surgery 
_or autopsy or confirmed by percutaneous aspiration using radiolegic 
guidance. Outcome was defined as alive or dead at time of discharge 
from hospital. Blood transfusions and duration of stay in the intensive 
care unit and hospital were recorded. 
. For patients with trauma, an MISS was determined. Individual 
. Injuries were grouped into the following fiveanatomic regions: neuro- 
-. logie, neck and face, chest, abdomen, and pelvis and extremities. 
Injuries in each region were assigned a severity score from 0 (no 
injury! to 5 (severe, survival uncertain) usmg tables modified from 
the studies of Baker anc O'Neill and Mayer et al" and based on the 
Abbreviated Injury Seale of the American Medical Association's 
Committee on Medical Aspects of Automotive Safety." The MISS 
was calculated as the sum of the squares of the highest scores in three 
of five anatomic regions. To stratify patients according to severity of 
illness, the APACHE I! score was calculated on admission, and at 
intervals thereafter. 





Skin Testing for DTH 


Skin tests for DTH were performed during the first 48 hours of 
hospitalization and weekly during follow-up. Intradermal injections 
of 0.1 mL of Candide, mumps skin test antigen, purified protein 
derivative, trichophytin, and streptokinase-streptodornase were 
. given, and the resulting mean diameter of induration measured at 24 
and 48 hours. A positive response was defined as an induration 
greater than or equal to 5 mm in diameter. Patients responcing to two 
. 0r more antigens were classified as reactive ( R), and those respond- 
. Ing to no antigens were classified as anergic (A). Subjects responding 
toa single antigen were considered relatively anergic, and although 
. sometimes occurring in follow-up data, such subjects were not initial- 
. 1y seleeted for study. A skin test score (STS) was also calculated as the 
sum of the mean diameters of induration of all responses at either 24 
or 48 hours after injection. 
































Protocol 


.. Patients without trauma were classified as being R or A at the time 
-of immunization. Patients with trauma were similarly classified ac- 
„cording to the result of the first skin test done within 48 hours of 
admission. Skin testing was repeated weekly. All subjects received 
.9 mL of intramuscular aluminum phosphate-absorbed TT (five 
-Limes flocculation units of TT and 1.5 mg of aluminum phosphate, 
Lederle, Montreal, and Institut Armand Frappier, Laval, Quebec). 
Patients with trauma were immunized on admission. The day of 
: immunization was designated as day 0. Serum was obtained before 
vaccination and at intervals thereafter for measurement of anti-TT 

at were calculated in the emergen- 








antibody levels. APACHE II scores: 
cy department (day 0) and on days 1, 3, 7, 14. 21, and 28. All patients 
vere followed up until discharge or death. A group of healthy sub- 


“jects was studied concurrently. 
..  AssaytorSerumigG Anti-TT Antibody 
-A solid-phase radicimmmunoassay was used, as previously de- 


ibed." Briefly, aliquots of soluble TT were incubated overnight in 


icrotiter plates, Sequential incubations were then performed with 













ovine serum albumin, serial log dilutions of serum, and iodine 













ified goat antibuman IgG. The quanti- 
iolabeled antibody were in excess for the 

ntigen specificity was shown with soluble 
udies. Heavy-chain specificity of radiolabeled 
zhaolid-phase binding studies. Bound radioac- 
was converted to international units 
1 viaa linear regression formula 




















Table 1.— Clinical Data* 


Ail 
Patients Patients Patients Patients 
Control Without With With With 


Variables Subjects Trauma Trauma BT PT 


Ago. y 
Mean * SEM 


Range 
Sex, No. M/F 


41-3 
21-65 
1313 


6223 
19-90 
29/26 


3722 
18-68 


Hespital 
mortality 





*Demagraphic and clinical data are shown for groups of healthy laboratory 
contral subjects, patients without, and ail patients with trauma, which are 
further divided into groups with blunt (BT) and penetrating (PT) trauma. Major 
infections are shown as numbers of episodes in each category. Hospital 
mortality is defined as death before discharge. 


derived from a standard serum sample known to contain 4 IU/mL of 
IgG anti-TT. Background binding produced a level of detectability of 
8.001 IU/mL. 

Serum samples from each subject were assayed at the same time. 
The antibody response to TT was calculated as the ratio of the 14-day 
postimmunization anti-TT level to the preimmunization level. 


Statistical Analysis 


Demaegraphic data, skin test results, and clinical laboratory data 
were averaged arithmetically, and the unpaired student t test was 
used for group comparisons. For antibody responses, results were 
averaged as geometric means, and the data shown as mean + SEM of 
the logarithm in base 10. Groups were compared using the Wileoxon 
Rank Sum Test (WRST).” Fisher's Exact test (FET) was used for 
contingency table analysis. Possible correlations were examined us- 
ing Spearman rank correlation (r. A two-sided P<.05 indicated 
statistical significance. 


RESULTS 
Clinical Data 


Thirty-one patients with trauma (24 with BT and seven 
with PT) and 55 patients without trauma were studied and 
compared with 26 control subjects. Table 1 summarizes demo- 
graphie and clinical data. 

Although the age ranges were comparable, the patients 
witheut trauma were older on average than the control sub- 
jects or the patients with trauma (P<.001, t test). Major 
infection episodes were more common in patients without 
than in those with trauma, although not signifieantly so 
(P-.28, FET; Table 1). When patients with and without 
trauma were stratified independently according to skin test 
result, decreased DTH was associated with a much higher 


rate of infection in the patients without (one of 19 R patients 


vs 15.07 36 A patients; P<.01, FET), but not in the patients 
with trauma (two of 20 R patients vs three of 11 A patients; 
P<,4, FET). There were no deaths in the group with trauma 
compared with 13 deaths in 55 patients without trauma 
(P<.01, FET). 

In eomparing patients with BT with those with PT, patients 
in the BT group were younger (Table 1, P<.05, t test) and 
stayed longer in the hospital (mean+SEM, 53+6 days 
[range, 11 to 113 days] for the BT group vs 14+3 days [range, 
3 to 32 days] for the PT group; P<.002, t test). Intensive care 
unit stay (8 2 days [range, 1 to 27 days] for the BT group vs 
3+1 days; range, 1 to 5 days for the PT group; P>.1, t test) 
and transfusion requirement (7+2 units; [range, 0 to 29] in 
the BT group vs 3+ 1 [range, 0 to 7] in the PT group; P>.1,¢ 
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Table 2.—Anatomic Areas of Injury* 


Patients With Patients With 
Injuries BT (n=24) PT (n=7) 


Neurologic 1 1 
Neck anc face 6 0 


Pelvis and extremities 19 1 


*The numbers of patients with scores greater than 3 in each anatomic 
category of the-modified injury severity score are shown for patients with either 
blunt (BT) and penetrating (PT) trauma. 















test) were not significantly increased. In patients with BT, 
the majority of severe injuries were orthopedic, chest, and 
abdominal (Table 2). In patients with PT, chest and abdominal 
injuries predominated. The MISSs on admission, however, 
were comparable (27 + 2 [range, 10 to 50] in patients with BT 
vs 21+6 [range, 1 to 43] in patients with PT; P>.1, t test). 
Major infections occurred equally rarely in both trauma 
groups (P>.2, FET; Table 1). 


Testing for DTH 


After entering the study, 36 of 55 patients without trauma 
were initially classified as DTH A. Of the patients with trau- 
ma, nine of 24 patients with BT and two of seven patients with 
PT were A on the first skin test (P>.2, FET). There were 
significant differences between patients with and without 
trauma in the subsequent evolution of DTH skin test respons- 
es during hospitalization. In patients without trauma, DTH 
responses remained relatively constant throughout the study 
period. Two weeks after the onset of the study, only three of 
36 originally A patients had become DTH R. In contrast, as 
shown in Fig 1, the average STS among patients with trauma 
improved steadily after admission. Furthermore, seven of 
the nine patients with BT, and both of the patients with PT 
who were initially A became R within 2 weeks. The remaining 
two patients with BT were relatively A. One of these had a 
satisfactory STS of 18 mm, and the other was subsequently 
readmitted with an abdominal abscess. Thus, DTH reactivity 
decreased immediately after both types of traumatic injury, 
but unlike in the patients without trauma, improved rapidly. 


Severity of Illness Measurements 


APACHE II scores were calculated in the emergency de- 
partment and on various days after admission (Fig 2). Initial 
scores were similar in patients with BT and PT (P>.2, t test). 
After PT, physiologic derangement improved slightly more 
rapidly than after BT. 


Effect of Hyperimmune Globulin 
and Plasma on Anti-TT Levels 


Human tetanus hyperimmune globulin, nearly all IgG by 
electrophoresis (data not shown), was given to patients with 
trauma at a separate site from TT if there was insufficient 
evidence of primary immunization or contaminated wounds. 
Although this method of passive immunization does not inter- 
fere with the normal host response to toxoid administration,” 
it could alter the measured antibody response. Seven subjects 
received 250 to 500 IU of hyperimmune globulin. Only one 
showed a significant increase in serum antibody on day 3. The 
level achieved, 30 IU/mL, was much higher than could be 
accounted for by passive means, and remained approximately 
the same for 2 weeks. All these subjects were therefore 
included inthe study. 

The administration of plasma is frequently an important 
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DTH Skin Test Score 


14 
Days After Injury 


Fig 1.—Skin test scores for delayed type hypersensitivity (DTH) taken 
at intervals after blunt (n= 24, circles) or penetrating (n — 7, squares) 
injury. Data are shown as arithmetic means + SEM. Control indicates 
the arithmetic mean DTH skin test score of 26 healthy subjects minus 1 
SD. 
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Fig 2.—APACHE II scores calculated at intervals after blunt (n — 24, 
circles) or penetrating (n=7, squares) injury. Data are shown as 
arithmetic mean + SEM. 


part of early trauma resuscitation. The timing and volume of 
plasma transfusions were recorded, and additional serum 
samples taken at intervals after vaccination to allow determi- 
nation of false-positive responses due to passive immuniza- 
tion. Fifteen of 31 patients received plasma during their 
hospitalization, nearly all within the first 3 days. Only one 
subject showed a substantial increase in anti-TT level at day 
3, from 0.8 to 2.1 IU/mL of serum. At day 14, when the 
antibody response was caleulated, there was a further in- 
crease to 21.6 IU/mL, so that the passively administered 
antibody constituted little of the eventual response. Allthese 
subjects were therefore included in the study. 


Antibody Responses to TT 


Overall, antibody responses in the patients with trauma 
were comparable with those in the control subjects (P>.3, 
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Table 3.—Antitetanus Responses After Trauma* 





DTH Groups (No.) 
Groups All Reactive Anergic 
Penetrating 44+0.7 (7) 66+0.6 (5) 16+0.2 (2) 


Nortrauma — 3+0.1 (55)t 9-02 (19) ^ 2-0.1 (36) 


*Patients were grouped according to delayed type hypersensitivity (DTH) 
into reactive or anergic groups. Laboratory control subjects, patients with blunt 
or penetrating trauma, anc patients without trauma were immunized on day O. 
Antitetanus toxoid responses were defined as the ratio of day 14 to day 0 
serum igG antitetanus toxoid. The data are shown as the group geometric 
means = SEMs. 

tP<.01 for all patients with trauma vs patients without trauma with the same 
DTH by Wilcoxon Rank Sum Test. 

£P-.01 for patients without trauma vs control subjects by Wilcoxon Rank 
Sum Test. 

§P<.05 for reactive vs anergic patients without trauma by Wilcoxon Rank 
Sum Test. 


WRST; Table 3). When analyzed as PT and BT subgroups, no 
differences were found. In contrast, the average response 
among all patients without trauma was severely depressed 
compared with either control subjects or patients with trau- 
ma (P<.01, WRST; Table 3). 

Antibody responses among patients with and without trau- 
ma with equivalent skin test responses were compared. Indi- 
vidual responses are shown in Fig 3 for groups of DTH A 
patients and in Fig 4 for groups of DTH R patients. The data 


. are summarized in Table 3. In the DTH A group without 


trauma, many subjects showed no response (P<.001 com- 
pared with patients with trauma and control subjects, 
WRST) in contrast to the generally positive responses of the 
DTH A patients with trauma (P>.9 compared with control 
subjects, WRST). Inthe DTH R groups, the patients without 
trauma also had poorer responses compared with either pa- 
tients with trauma or control subjects (P<.01, WRST). Thus, 
patients without trauma in either skin test category were less 
responsive to vaccination than trauma groups that were com- 
parable with normal. 

Antibody synthesis was compared between patients with 
BT and those with PT. Overall, and in the same skin test 
category, responses were comparable (Table 3). Although A 
patients in either subgroup tended to produce less antibody 
than the corresponding R patients, these differences were not 
statistically significant (P>.1, WRST). However, there was a 
statistically significant direct correlation between admission 
STSs and anti-TT responses among patients with trauma 
(r=.39, P<.03). The correlations with STS at day 7 and 14 
decreased to .28 and .19 (neither statistically significant). The 
corresponding 7 values for antibody responses in relation to 
APACHE II scores were —.20, —.13, —.09, and —.08 for 
scores obtained on days 0, 1, 3, and 7, respectively (P>.05 for 
all. Although overall normal antibody responses were ob- 
tained after trauma, there was evidence of decreased humoral 
immunity in some subjects, which paralleled changes in DTH 
testing, and to a lesser extent, abnormal physiologic features. 

Data were available for 14 patients with trauma up to day 
28. Peak antibody levels occurred on day 14 for most subjects, 
indicating normal kinetics.” After day 14, there wasa gradual 
decline in antibody levels. From a mean peak at day 14 of 
6.89+0.17 IU/mL of serum, there was a gradual decline to 
3.53 + 0.27 IU/mL at day 21, and 2.68 + 0.28 IU/L at day 28. 


COMMENT 
There are few data on specific antibody responses after 
human trauma.” In an early report using diphtheria toxoid 
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DTH-Anergic Patients 








Anti-TT Serum IgG, IU/mL 






Control Patients Patients Patients 
Subjects With BT With PT Without 
(n=26) (n=9) (n=2) Trauma 

(n=36) 


Fig 3.—Serum IgG antitetanus toxoid responses (Anti-TT) are shown 
for groups of healthy control subjects and for delayed type hypersensi- 
tivity (OTH)—anergic patients with blunt (BT) and penetrating trauma 
(PT) and patients without trauma. The data are shown for each subject 
as a line connecting the logs of anti-TT levels at the time of immuniza- 
tion and 14 days later. 


DTH-Reactive Patients 


0.1 


Anti-TT Serum IgG, IU/mL 





.01 
"x Control Patients Patients Patients 
Subjects With BT With PT Without 
(n=26) (n=15) (n=5) Trauma 
(n=19) 


Fig 4.—Serum IgG antitetanus toxoid (Anti-TT) responses are shown 
for groups of healthy control subjects and for delayed type hypersensi- 
tivity (DTH)-reactive patients with blunt (BT) and penetrating trauma 
(PT) and patients without trauma. The data are shown for each subject 
as a line connecting the logs of anti-TT levels at the time of immuniza- 
tion and 14 days later. 


in battle-injured patients, responses were detected.” Howev- 
er, many of these subjects may have been immunized later 
after injury. In another study, antibody responses to TT in 
injured Korean war soldiers were reduced in four of seven 
subjects.” 

In this study, overall antibody responses to TT vaccination 
early after BT or PT were normal. It is important to note that 
because patients surviving less than 14 days after injury were 
excluded, subjects with rapidly lethal injuries were not stud- 
ied. The range of MISSs was 1 to 50, with a mean of 27. There 
is a linear relationship between mortality rate and MISS for 
scores greater than 15; for scores below 15, there is minimal 
mortality.” Many patients in this study therefore had only 
moderate injury. 

Despite the overall normal antibody responses, there was 
variability in the degree of humoral immunoreactivity that 
was related to changes in DTH. After injury, DTH responses 
were initially decreased, but recovered rapidly. Similarly, 
APACHE II scores, which were initially elevated, improved 
rapidly, and paralleled changes in DTH responses. When the 
anti-TT responses were examined in relation to degree of 
physiologic abnormalities and DTH responses, the best corre- 
lations were found with STS and APACHE II scores immedi- 
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| response. This decisive period occurs within the 
first few days after antigen encounter, has deereased DTH as 


one of its manifestations, and determines the magnitude of 
the antibody response measured weeks later. Conceptually, 
this is similar to the original "critical period" described by 
Miles et a} in relation to bacterial infection. 

There are several possible contributing factors to altered 
immunity after injury. Age of the patient, surgery, anesthe- 










sia, blood transfusion, and changes in cortieosteroic levels 
may contribute to an acquired immunodeficiency after injury. 


cU. In older men, there are some abnormalities in humoral im- 

~~ mune systems.” Antibody responses to vaccination have been 
reported as normal" or modestly depressed." In the pres- 
ent contre] group, there was no relationship between age and 
antibody responses." Similarly, no age-dependent trend was 
observed among the patient groups. 

Surgery may affect humoral immunity. A study of the 
response to diphtheria toxoid in patients having surgery for 
gastrointestinal malignancy showed decreased antibody pro- 
duction.” In animal studies, responses have been increased,” 
decreased,” or normal." Anesthetic agents may increase,” 
decrease,” or have no effect" on humoral immunity. Blood 
transfusion is currently recognized as causing a broad-spec- 
trum immunosuppression and has been associated with an 
increased risk of sepsis after trauma." Although the adreno- 

^. .eürtieal response to injury can increase steroid levels up to 

fivefold,” specific antibody responses to vaccination of ste- 
- yoid-treated subjects have been reported as normal." 

The responsiveness of patients with trauma was compared 

- with that of patients without trauma. In comparable skin test 

categories, the anti-TT responses of patients with trauma 


ee 
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were better than of those without trauma. Decreased DT: 
was a transient phenomenon in the patients with trauma, wit 
nearly all subjects showing normal responses 2 weeks afte 
injury. The DTHs of the patients without trauma remained 
suppressed during this period. There was also no mortality 
and sepsis was minimal, even in the A patients with trauma 
compared with the patients without trauma, all of whom 
survived a minimum of 14 days after entry into the study: Th: 
low rate of sepsis in the A patients with trauma in this study 
compared with previous reports"^ may be due to the selee- 
tion of 14-day survivors only, as there is an association be- 
tween severity of injury and decreased DTH. " 

The major clinical differences between the patients with 
and without trauma were in the length of illness (long-term vs. 
short-term), age, and the absence of malnutrition and malig- 
nancy. As previously discussed, age was probably a minor 
factor in determining changes in antibody responses. The . 
nature of the underlying illness and the short- vs long-term — 
duration of the disorder prior to entering the study likely. i 
account for the major portion of the observed differences. E: 

In summary, overall antibody responses after trauma are — 
normal. However, there is evidence of some humoral immune = 
dysfunction related to abnormal physiologic features early .- 
after injury and simultaneously expressed as altered DTH. 
This anergy after trauma was a transient phenomenon, cecur- | 
ring mostly in the critical period early in an antibody response 
process. Reduced DTH in this setting was not as strongly 
associated with reduced humoral immunity or risk of infeetion _ 
as with the more long-term decrease in DTH seen in patients .. 
without trauma. Regardless of the underlying cause ef the — 
immunodeficiency, these data show normal antibody respons- s 
es after trauma, and illustrate the acute, reversible natare of. 
decreased DTH in patients with trauma compared withthose 
without trauma. 
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EUGEN FAIST, MD, Munich, Germany: This presentation cem- 
ares the characteristics of humoral immunity of two patient popula- 
tions that, were entirely different from each other. The patients with 
trauma were young with an anergy rate of 35%, no correlation 
between anergy and infection, and a significantly better tetanus 
antibody response then healthy controls. In contrast, the patients 
without trauma with an average age of 65 years showed an anergy 
rate of 60% and practically no antitetanus response. These patients 
without trauma were substantially sick compared with patients who 
apparently only suffered very minor trauma. Thus, these results 
. followed the theoretical expectations derived from this specific con- 
.Btellation. What was the authors specific intention in comparing 
. these particular patiert populations? Were all patients operated on? 

_ What were the causes of death? 

_. RICHARD HOWARD, MD, PHD, Gainesville, Fla: Why was therean 

-increase in the tetanus antibody response in the control subjects 
















purified 
anatoxin in aging and in aged adalts, . 





xin responses in the elderly to- 


Surgical Anatomy Question 


The left renal vein erosses the aorta and is clam 


.. Ihe left renal ve | ped between the root ofthe superior mesenteric 
. artery and the aorta like a nut within nut crae 


kers. [True or False?] 


| Geant JCB: A Method of Anatomy. 5th ed. Baltimore, Md: Williams & Wilkins; 1952-292. 
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Discussion 


between days 0 and 14? 

RONALD V. MAIER, MD, Seattle, Wash: Why is there such an 
underrepresentation of patients with large injury severity scores? 

WESLEY L. FURSTE, MD, Columbus, Ohio: What is the control - 
mechanism crucial for the presence or absence of a substantial specific 
antibody response? 

DR SCHNEIDER: The objective of the study was to determine if the 
degree of abnormal humoral immunity was comparable in surgical 
patients with and without trauma. We were aware of the substantial 
intergroup differences. The magnitude of the antibody response did 
not correlate with age. Not all patients studied were undergoing 
surgery. The causes of death in the patients without trauma were 
often related to the underlying end-stage malignancies. Patients with 
high injury severity scores were left out of the study because they did 


not survive long enough for the antibody titers to be measured on day 
14. 
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e During a 50-month period, we identified 91 episodes of fun- 

gal infection in 72 liver transplant recipients (23.8%). Candida 

; species accounted for 83.5% of cases. Clinical patterns of fungal 
_ infections included disseminated infection (19), peritonitis (17), 
* | pneumonitis (15), multiple sites of colonization (13), fungemia 
nd other sites (16). The diagnosis of fungal infection was 








were associated with diminished patient survival (50% vs 83.5%). 
Fungal infection is a frequent source of early morbidity and can 
be related to well-defined risk factors, suggesting the need for 
effective srophylaxis. 


(Arch Surg. 1991;126:149-156) 













4 ungal species have been recognized as important. patho- 
gens after orthotopic liver transplantation (OLT). An 
dy by Schroter et al’ reported a high incidenee (28%) 

ve fungal infections in a large series of patients 
ver allografts.! Other investigators subsequently 
is finding, with a reported incidence of fungal 

2 transplant recipients ranging from 16% to 


responsible for most invasive yeast infec- 
eandidiasis, are normal commensals in humans. : 
infection is believed to be endogenous in origin 
" begins with mucocutaneous and gastrointestinal 
ization. Recent studies have focused on fungal 
ocation across the gastrointestinal tract mucosa as a 
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- Clinical Spectrum of Fungal Infections After 
otopie Liver Transplantation a 
















source of endogenous contamination.” Faetors that predis- 
pose to a high incidence of fungal infection in transplant 
populations include prolonged antibiotic use, long-term in- 
dwelling catheters, and immunosuppressive therapy. How- 
ever, pretransplant morbidity from the underlying disease, | 
the nature of the surgical procedure, and postoperative man- - 
agement are all important determinants of the type and se- 
verity of infectious complications.” Hepatic allograft recipi- | 
ents seem to be uniquely prone to severe fungal infections | 
when compared with recipients of other solid organ trans- 
plants on similar immunosuppressive regimens.” ES 

Fungal infection related to the more ccmmon species, such — 
as Candida albicans, can often be treated effectively with | 


tion; and (6) i 
regimens of prophylaxis. 
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PATIENTS AND METHODS 
Definition of Fungal infection 


For purposes of diseussicn, the definition of fungal infection vs 
colonization is an important distinction. We defined fungal coloniza- 
tion as isolation or identifieation of a fungal species from a single 
superficial site (urine, stool, sputum, throat/oropharynx, or skin/ 
wound) or positive results of serologic testing from a single site in the 
absence of invasive disease. In contrast, we defined fungal infection 
as (1) histologic evidence of tissue invasion on biopsy or autopsy; 
(2) positive culture from a deep tissue specimen, such as bloed, 
cerebrespinal fluid, peritoneal fluid (from intraoperative or percuta- 
neous aspiration specimens), or bicpsy specimen; (3) positive cultures 
from multiple sites (three or more), such as urine, wound, and other 
sites; ar (4) presenee of budding yeast, pseudohyphae, or positive 
culture from a bronchoalveclar lavage specimen with clinical and/or 
radiologie evidence of pneumonitis, The presence of yeast coloniza- 
tion in isolated sites, sueh as the oral cavity, upper respiratory tract, 
bronchial specimens, sputum, stool, and urine, were considered in- 
sufficient to establish the diagnosis of fungal infection. 

Disseminated fungal infection was defined as biopsy-proved tissue 
.. invasion from multiple sites or autopsy examination with isolation of 
.. fungal species from two er more deep organs. Fungal infection was 
implieated as a eause of death when it was believed to be a major 
factor contributing to the patient death as documented by autopsy. 
An episode of fungal infection was considered the single occurrence 
during which the patiert was infeeted with a species of fungus inde- 
pendent of the number of eultures or sites from which it was isolated. 
Concurrent infections with different genera or species were consid- 
ered separate episodes. 


Study Population and Design 


During a 50-month period extending from J uly 1985 to September 
1989, a total of 307 conseeutive patients underwent 359 OLTs at the 
University of Nebraska Medical Center. During this study period, 
data from all recipients surviving for at least 24 hours after OLT were 
retrospectively analyzed for the development of fungal infection. 
Four patients were excluded from the study because of early death. 

|... None of the excluded patients had evidence of fungal infection. There- 
. fore, the remaining 355 OLTs in 903 recipients were studied. 

Adult recipients comprised 178 patients (58.75%), with a mean age 
of 42.8 years (range, 15 to 67.6 years). The remaining 125 patients 
(41.25%) were children, with a mean age of 3.9 years (range, newborn 
to 17 years). The mean length of follow-up was 22.1 months, with a 
minimum of 6 months in survivors. The indications for liver trans- 
plantation in the adult and pediatric ( age, <18 years) recipient groups 
and the corresponding sex distribution are summarized in Table 1. A 
total of 52 retransplants were performed in the study group, includ- 
ing 47 second and five third transplants. 


Recipient Selection and Management 


Recipient selection was based primarily on ABO blood type com- 
_ patibility, size considerations, medical urgency, and length of time on 
_ the waiting list according to United Network for Organ Sharing 
guidelines. During the period of study, uniform protoeols for donor 
, management, organ retrieval, transplantation, and immunosuppres- 
sion were followed. Donor hepatectomy was performed by standard 
- techniques in conjunction with multiple organ retrieval." Recipient 
. hepatectomy and hepatic replacement were performed by standard 
techniques with venoverious bypass in recipients weighing more than 
~ 40 kg." Biliary reconstruction was accomplished in all patients with 
either a choledochocholedochostemy over a T-tube stent (130 aduits 
and 12 ehildren) or Roux-en-Y choledochojejunostomy (48 adults and 
118 children). 

From July 1985 to November 1987, perioperative antibiotic pro- 
ohylaxis consisted of broad-spectrum coverage with a combination of 
‘efotaxime sodium, cefazolin sodium, and ampicillin sodium for 3 te 5 
' days. Thereafter, this regimen was switched to intravenous cefazolin 
given immediately precperatively, every 4 hours intraoperatively, 
_ and for three doses (24 hours) posteperatively. Documented bacterial 
Infections were treated with selective antibiotic coverage based on 
_ Sensitivity patterns, with liberal use of third-generation cephalospo- 
Tin and restricted use of aminoglycoside antibiotics in an attempt to 
void synergistic nephrotoxie effects with eyclosporine. Oral nystatin 
rophyiaxis (500 000 U four times daily) was administered routinely 

































to all patients beginning immediately postoperatively and continuing 
for a minimum of 3 months. No mechanical or antibiotic bowel prepa- 
ration was performed, All patients were treated with central venous 
access, Foley catheter drainage, arterial line monitoring, multiple 
intraperitoneal drains, nasogastric tube decompression, histamine,- 
blocker and antacid therapy, and liberal use of parenteral nutrition. 

All patients were treated with combination cyclosporine-steroid 
immunosuppression as described previously.” Initial rejection epi- 
sodes were usually treated with a steroid pulse or recycle.” The 
monoclonal antibody OKT3 (Orthoclone; Ortho Pharmaceuticals, 
Raritan, NJ) or ATGAM (Upjohn Co, Kalamazoo, Mich) were em- 
ployed for the treatment of steroid-resistant rejection or severe 
rejection, or as induction therapy in patients with renal dysfunction 
who were unable to tolerate therapeutic doses of cyclosporine. ^^ Ina 
small number of patients, azathioprine was added to the maintenance 
immunosuppressive regimen for control of recurrent episodes of 
rejection. 

Surveillance mycologie monitoring (urine, stool, blood, sputum, 
throat, wound, and peritoneal fluid) was not performed routinely but 
was done only when clinically indicated and during antifungal thera- 
py. Percutaneous liver biopsies were performed for hepatic allograft 
dysfunction. Bronchoscopy with bronchoalveolar lavage was per- 
formed for pulmonary symptoms, roentgenographic infiltrates, or 
oxygen desaturation. Upper or lower gastrointestinal tract endosco- 
py was performed for investigation of symptoms, diarrhea, or 
bleeding. 


Treatment of Fungal Infection 


Once the diagnosis of fungal infection was suspected or established, 
specific antifungal therapy was begun with intravenous amphotericin 
B (Fungizone; Squibb Pharmaceuticals, Prineeton, NJ). All patients 
were pretreated with acetaminophen (650 mg in adults, 10 mg/kg in 
children. oral or per rectum) and diphenhydramine hydrochloride- 
(50 mg in adults, 1 mg/kg in children, oral or intravenous). A test dose 
of amphotericin B (1 mg in adults, 0.1 mg in children, intravenous) 
was then administered and followed by graded therapeutic dosing (5- 
mg increments per day in adults, 1-mg increments per day in chil- 
dren) upto a maximum dose of 0.5 to 1.0 mg/kg per day. The intensity 
and duration of amphotericin B therapy was determined by the 
patient's clinical response and side effects. During amphotericin B 
therapy, all patients were monitored daily for nephrotoxie effects 
(assessed by serum urea nitrogen level, serum creatinine level, and 
urine output), hypokalemia, and thrombocytopenia. À serum creati- 
nine level above 177 pmol/L, oliguria (urine output, «500 mL/d), or a 
platelet count below 50 x 10°/L were indications to decrease the dose, 
frequency, and/or duration of amphotericin B therapy. 

The efficacy of amphotericin B therapy was determined by clinical 
response, surveillance mycologic cultures, and repeated evaluation of 
tissue specimens when indicated. Management of fungal infections 
also included a variable reduction in immunosuppression, aggressive 
nutritional and metabolic support, prophylaxis and/or treatment of 
superinfection, and surgical débridement when indicated. 


Statistical Analysis 


Data are expressed as means + SDs. Univariate analysis was per- 
formed by Student's ¢ test for continuous variables, the x^ test for 
categorieal variables, and Fisher’s Exact Test when data were 
sparse. Actuarial survival was computed by Wilcoxon life-table anal- 
ysis. Multivariate analysis was performed by a stepwise discriminant 
model (SAS), 


RESULTS 
Epidemiology 


À total of 91 episodes of fungal infection were diagnosed in 
72 patients (23.8%). The incidence of fungal infection was 
slightly higher in adult recipients (25.3% vs 21.6%; P —.30) 
(Table 1) Similarly, there was no effect of gender on the 
subsequent development of fungal infection. Thirty-one male 
patients (43.1%) and 41 female patients (56.9%) were in the 
group with fungal infection. The cause of liver disease like- 
wise could not be implicated as a significant risk factor for 
fungal infection (Table 1). Roux-en-Y choledochojejunostomy 
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Table 1.—Primary Disease, Gender, and Associated 
Incidence of Fungal Infection 




























Sex, No. Incidence of 


Primary >: am tie ele Fungal Infection, 
Disease N M F No. (%) 
Adults 

Cirrhosis 75 42 33 18 (24) 
Primary biliary 

cirrhosis 36 2 34 7 (19.4) 
Sclerosinc cholangitis 26 13 13 10 (38.5) 


Fulminant hepatic 
failure 18 6 12 5 (27.8) 





Malignantneoplasm 10 4 6 2 (20) 

cirrhosis 3 2 1 1 (33.3) 
Other 10 7 3 2 (20) 
Total 178 76 102 45 (25.3) 

Children 

Biliary atresia 60 31 29 11 (18.3) 
Cirrhosis 12 6 6 4 (33.3) 
Fulminant hepatic 

failure 11 7 4 2 (18.2) 
Neonatal nepatitis 10 4 6 4 (40) 
Malignan* neoplasm 2 2 0 0 (0) 
Secondary biliary 

cirrhosis 1 (100) 
Other 6 4 2 3 (50) 
Total 27 (21.€) 


was the preferred method of biliary reconstruction in pediat- 
ric recipients but did not appear to place children at greater 
risk. 

Figure 1 illustrates the overwhelming effect of retrans- 
plantatior on the subsequen: development of fungal infection. 
In both adult and pediatrie recipient groups, retransplanta- 
tion was associated with an approximately 50% incidence of 
fungal infection. In contrast, primary OLT was associated 
with a consistent 20% incidence of fungal infection irrespec- 
tive of age group (P<.001). 


Clinical Features 


Table 2 depicts the clinical patterns of fungal infections 
after OLT, along with infecting genera and species. Candida 
species were involved in 76 episodes of fungal disease (83.5%), 
including Candida species alone (n=67) or in combination 
with Aspergillus species (n=9). The majority of isolated 
Candida infections were due to Candida albicans (78.9%). 
Aspergilias species (alone or in combination with Candida) 
accounted for 13 cases of fungal disease (14.3%). Aspergillus 
flavus was the most common infecting yeast in this group 
(n=6), although six of the Aspergillus species were unspeci- 
fied. Cryptococcus and Trichosporon each caused one episode 
of fungal disease. Disseminated fungal infection was the most 
common elinical presentation, followed closely by peritonitis, 
pneumonitis, multiple sites of colonization, and fungemia. 
Candida was present at death in 16 cases. Of the 12 patients 
with Aspergillus infection, eight (66.7%) died of disseminated 
infections. 

The 17 patients who died with disseminated infections are 
described in more detail in Table 3, which summarizes and 
highlights the extent of the organ distribution of fungal infec- 
tion. Overall, the most common sites of fungal invasion were 
the lungs (11 cases), heart (seven), brain (seven), liver (six), 
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Fig 1.—The effect of retransplantation on fungal infection. The risk of 


fungal infection was significantly increased (asterisks; P<.001) after 
retransplantation. OLT indicates orthotopic liver transplantation. 






















Table 2.—Clinical Spectrum of Fungal Infections 


Patterns of fungal infections 



















Disseminated 19 (21) 
Multiple sites (^3) 13 (14.2) 
Feritonitis 17 (1&7) 
Isolated site 9 
Additional site 8 
Fungemia 11 (12.1) 
Isolated site 9 
Additional site 2 
Pneumonitis 15 (16.5) 
Isolated site 4 
Additional site 6 
Urine and/or wound 9 (10) 
Isolated site 8 
Additional site 1 
Others 6 (6.5) 
Isolated site 4 
Additional site 2 
Cryptococcus (autopsy) 1 (1) 
Total 91 (100) 
Genera and species 
Candida 
Candida albicans 60 (78.9) 
Candida tropicalis 6 (79) 
Candida glabrata 5 (6.6) 
Candida parapsilosis 4 (53) 
Candida lusitaniae 1 (1.3) 
Total 76 (100) 
Aspergillus 
Aspergillus flavus 6 
Aspergillus niger 1 
Aspergillus, species unspecified 6 
Total 13 
Cryptococcus neoformans 1 
Trichosporon beigelii 1 


gastrointestinal tract (five), peritoneum (five), blood (five), 
and hepatic artery (four). Aspergillus species were isolated in 
eight patients (47.1%) with disseminated infections. Anteced- 
ent or concomitant isolation of Candida species with Asper- 
gillus occurred in six patients, with all receiving amphoteri- 
cin B therapy before death. Five patients with disseminated 
infections (three with C albicans, one with Candida tropica- 
lis, and one with A flavus) were diagnosed on postmortem 
examination and therefore did not receive any antifungal 
therapy. In the 12 patients receiving antifungal therapy for 
disseminated infections before death, seven (58.396) had evi- 
dence of fungal colonization with one or more species at 
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(Untreated — autopsy) 


Lungs [C albicans] 


Lungs (urine) 


6 PSC 29 





19 
C albicans]t 











8 MALIG 537 


beigetii] 
Wound, peritoneum [A flavus] 


















(Untreated — autopsy) 


“3 Other 73. (Untreated — autopsy) 


14 CIRR 38.0 
lusitaniae} 


(Untreated ~~ autopsy) 









*PBC indicates primary bili 
NEO HEP, neonatal hepatitis, 
Three episodes of disseminated infection. 


multipie sites before death. 
. In the 13 cases categorized as having multiple (three or 
more) sites of colonization, the sites/organs most commonly 
involved included peritoneum (10), wound (10), lungs (seven), 
urine (seven), blood (three), and liver (three). None of these 
cases progressed to autopsy-proved disseminated infections. 
Therefore, the risk o? dissemination associated with multiple 
sites of colonization was seven.af 20 (8595). 
. Inpstients with fungal infection confined to less than three 
anatomic sites, there were numerous instances of fungal in- 
ction in more than one site (Table 2). In the 17 cases of fungal 
oritis, eight had fungal species isolated from another 
the 15 episodes of fungal pneumonitis, six had identifi- 
site. In the 11 cases of funge- 
yeast in another site. In the 
infections, six were sym 




























able because the patient died of 
o. disseminated cytomegalovirus 






Table 3.— Disseminated Fungal infections 
Clinical Sites/Pathologic | 
! Findings [Organism] —— 
(Urine, peritoneum) fungemia (Candida albicans 2 


(Urine) wound (peritoneum) [C albicans] — 6 


(Untreated —- autopsy) [C albicans] 
Lungs, skin [A flavus, Aspergillus niger 11 


Lungs (urine, wound) [Aspergillus species] 







Lungs, urine, peritoneum [C albicans] 


Lungs, urine, wound, fungemia [ Trichosporon 8 









Wound, peritoneum, urine, fungemia [Candida 16 


49 Wound, peritoneum, liver, lungs [C aibicans] 





Peritoneum, fungemia [C albicans] 


. À discriminant analysis was then performed in three 











tor sy Site 
Findings 


Brain, skin {C albicans) 

66 Lung, brain, heart (Aspergillus flavus) _ 

Lung, brain, heart, intestine (A flavus); liver 

(albicans) 

1 Lung, heart, pericardium, stomach, kidneys, 
periadrenal fat (A flavus) 


6 Lung, pleura, heart, pericardium, brain, 
stomach, pancreas, kidney, testes, 
thyroid, mycotic mural thrombosis of 
abdominal aorta (A flavus) 


5 Hepatic artery aneurysm, ascites, 
esophagus, small bowel (C albicans) 


Lungs, skin (A flavus, A niger, C albicans)t 
















Lungs, meninges, heart, kidney, vasculitis 
(Aspergillus species) 

7 Brain (Aspergillus species); peritoneum 

(C albicans) 


Lungs, skin, thyroid, spleen (T beigelii); liver 

(C albicans) 

845 Lungs, heart, stomach, liver, pancreas, 

hepatic artery, thyroid, small bowel 

(A flavus) 

Lungs, liver, pancreas, spleen, adrenal, 
hepatic artery, blood (C albicans) 

9 Heart, wound, liver, spleen (Candida 

tropicalis) 


Liver, peritoneum, blood (C lusitaniae) 






















Brain, blood (C albicans) 


7 Lungs, peritoneum, blood (C albicans) 
(trunk only autopsy) 


18 Lungs, peritoneum, hepatic artery 
(C albicans) 











ary cirrhosis; FHF, fulminant hepatic failure; CIRR, cirrhosis; PSC, primary sclerosing cholangitis; MALIG, malignant neoplasm; and 


Most cases of fungal infection occurred in the first 2 months 
after OLT (mean, 16.4 days; median, 11 days), with only 11 
cases developing later (mean, 358 days; range, 66 to 1067 
days) (Fig 2). Fifty patients (69.4%) with fungal infection 
were diagnosed in the first month, and 61 patients (84.7%) had 
decumented fungal infection within 2 months. 


Risk Factors 


_A total of 38 variables (17 pretransplant, six intraopera- 
tive, and 15 posttransplant) were analyzed for their predic- 
tive value on the subsequent development of fungal infection 
(Table 4). Univariate analysis revealed the following indepen- 
dent risk variables as significant: (1) pretransplant (serum 
bilirubin level, serum albumin level, hospitalization at the 


time of OLT, intensive care unit care at the time of OLT, and 


urgent status); (2) intraoperative (operating time, blood 
transfusion requirement, method of biliary reconstruction, 


.. retransplantation, and Risk score); and (8) posttransplant 
. (duration of time in the intensive care unit, return to the 
‘intensive care unit, reintubation, the need for tracheostomy, 
relaparotomy, hemodialysis, vascular complications, leuko- 





a, thrombocytopenia, steroid dose, prolonged antibiotic 
ünistration, and bacterial infections). 





phases, incorporating (1) all variables; (2) only pretransplant 


and intraoperative variables; and (3) only posttransplant vari- 
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No. of Patients 





Weeks 


Months 
Onset After OLT 


Fig 2.—The time course of fungal infection after orthotopic liver trans- 
plantation (OLT). 


ables. This initial multivariate analysis revealed that retrans- 
plantation (see Fig 1) and reintubation were the two most 
important risk factors predictive of the eventual development 
of fungal infection. The predictive strength of these two 
variables tended to overwhelm the relative contribution of 
other risk factors in the discriminant analysis. Therefore, the 
above analysis was repeated in three phases excluding these 
two variables. Results are depicted in Table 5. Significant risk 
variables for fungal infection after primary transplantation 
(excluding reintubation) included urgent status at the time of 
OLT, Risk score, intraoperative transfusion requirement, 
method of biliary reconstruction, steroid dose, bacterial infec- 
tions, antibiotic therapy, and vascular complications. The 
relative contribution of each of these variables to the predic- 
tive mode! is illustrated in Table 5. 


Treatment With Amphotericin B 


A total of 85 premortem episodes of fungal infection in 65 
patients were treated with intravenous amphotericin B. The 
mean duration of amphotericin B therapy was 24.3 days 
(range, 4 to 98 days) The mean total cumulative dose of 
amphoteriein B was 806 mg (11.6 mg/kg) in adults and 288 mg 
(18.8 mg/kg) in children. A prompt and lasting response, 
characterized by clinieal improvement and negative fungal 
cultures, was documented in 48 patients (66.7%). In the re- 
maining 24 patients, a total of 28 episodes of fungal infection 
either were not successfully treated (22 episodes in 18 pa- 
tients) or were untreated and found only at autopsy (six 
episodes in six patients). In 10 of these patients, initial fungal 
infection was controlled by amphotericin B, but recurrent 
infection was either refractory to therapy (nine patients) or 
untreated (one patient) Overall, fungal infections were suc- 
cessfully treated before death with amphotericin B in 63 cases 
(74.1%). 

As shown in Table 6, fungal infection from Aspergillus or 
Trichosperon was particularly refractory to antifungal thera- 
py. In the 12 patients with fungal infection due to Candida 
that was refractory to therapy, nine cases involved C albicans 
and six were disseminated infections (five with C albicans and 
one with Candida lusitaniae). Multiorgan fungal :nvolve- 
ment was less responsive to amphotericin B therapy. Signifi- 
cant first-dose adverse experiences were minimal. The most 
common side effects were nephrotoxic effects (which tended 
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Table 4.—Univariate Risk Factors* 






Fungal No Fungal 
Infection Infection 
(N=72) (N=231) P 
Pretransplant Variables 
Age (mean), y 27.8 26.9 .78 
Weight (mean), kg 49.0 47.6 75 
Abdominal surgery, 
No. of patients 34 139 18 
Hospitalization (mean), d 0.59 0.39 .0065 
ICU (mean), d 0.38 0.22 .011 








Intubation, No. of patients 11 25 .11 
Steroid therapy, 

No. of patients 11 23 .076 
Antibiotic therapy, 

No. of patients 24 66 .092 


History of UGI tract 







bleeding, No. of 

oatients 28 84 .23 
Urgent status, No. of 

patients 30 60 .002 
Prothrombin time (mean), S 17.2 15.9 11 












Serum albumin (mean), 


g/L 28.2 30.7 .02 
Serum creatinine (mean), 
wmol/L 113 85 .08 


Bilirubin (mean), pmol/L 284 004 


195 ; 
intraoperative Variables 
Risk score (mean) 4.22 2.57 .0013 


Operating time (mean), 
min 544. 


5 488.5 .016 
Blood transfusions 
(mean), U 15.7 8.5 .004 


Biliary reconstruction 
(adults), No. 
C-C 21 107 





Retransplantation, No. of 
patients 19 15 


Postoperative Variables 
ICU (mean), d 10.2 


7.4 .04 

patients 24 47 .01 
Intubation (mean), d 4.8 3.4 14 
Reintubation, No. of 


<.001 


patients 33 29 <.001 
Relaparotomy, No. of 

patients 29 60 .006 
Tracheostomy, No. of 

patients 11 12 .006 





Hemodialysis, No. of 

patients 14 18 .004 
Vascular complications, 

No. of patients 


Leukopenia, No. of 


patients 


Thrombocytopenia, No. of 
patients <.001 


36 59 
Bacterial infections, No. of 
episodes 1.47 0.82 .0015 


Antibiotic therapy, ratio 
days 0.43 


Steroid dose, No. pulses 0.16 


Antilymphocyte therapy, 
No. of patients 23 69 .26 


*ICU indicates intensive care unit; UGI, upper gastrointestinal; C-C. chole- 
dochocholedochostomy; and R-Y, Roux-en-Y choledochojejunostomy. 


15 17 .001 
23 48 .02 








0.29 .0019 
0.11 .001 
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Relative 













Contribution 
Significant Variable to Prediction P 
Preoperative/intraoperative variables 
Transfusion requirement 1.00 .0001 
Total bilirubin 0.62 .0002 
Serum albumin 0.40 .0032 
Biliary reconstruction 0.17 .055 
Intensive care unit stay 0.17 06 
Urgent status 0.15 08 
All variables 
Retransplantation M a .0001 
Reintubation qu» .0001 
Bacterial infections 1.00 .0001 
Transfusion requirement 0.56 .0014 
Urgent status 0.55 .0017 
Steroid dose 0.48 .0034 
Vascular complications 0.41 .007 
Antibiotics 0.34 015 





*Excluded from analysis because of overwhelming weight. 


Table 6.— Results of Therapy 


Asper- Crypto- Tricho- Total 
Candida gillus coccus sporon No. (%) 


|! Successfully 
treated 
episodes 60 3 0 0 63/85 (74.1) 


| Episodes 
unsuccessfully 
treated 12 9 0 


Untreated 
(postmortem 
diagnosis) 4 6/91 (6.6) 


1 1 0 
| Tota! 76 13 1 1 91 






i1 22/85 (25.8) 







to limit the dose, frequency, and duration of therapy), hypo- 
kalemia, and thrombocytopenia. 


Patient Survival 


The overall mortality in the entire study population was 
24.4% (14/303). A total of 36 deaths oecurred in patients with 
fungal infection, a significantly higher mortality than in pa- 
tients without fungal infection (50% vs 16.5%; P<. 001). Actu- 
arial 1-year survival in patients with fungal infection was 
55.3% vs 84.2% in patients who did not develop fungal infec- 
tion (Fig 3). This difference in actuarial 1-year patient surviv- 
al was even more striking when the adult population was 
considered (44.1% vs 88.5%; Fig 4). In contrast, actuarial 1- 
year patient survival in children was not significantly differ- 
ent (74.1% vs 78.3%; Fig 4). 

Postmortem examinations were performed after 72 deaths 
(97.3%). In the 36 patients with fungal infections who died, 
postmortem examination revealed 17 deaths from dissemi- 
nated fungal infection, 12 deaths without evidence of fungal 
infection, and seven deaths from other causes with residual 
fungal infection. Six eases of fungal infection were diagnosed 
at postmortem examination. Overall, fungal infections ac- 
counted for 23.6% of deaths after OLT and were present in 
33.3% of postmortem examinations. 
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Table 5.—Discriminant Analysis 
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Fig 3.— Actuarial patient survival in liver transplant recipients with 
(closed circles) and without (open squares) fungal infection. A signifi- 
cant differenee was noted. 
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Fig 4.— Actuarial patient survival in adult and pediatric liver transplant 
recipients with and without fungal infection. No significant difference 
was noted among pediatric recipients. 


COMMENT 


Invasive: fungal infections have become an increasingly 
important eause of morbidity and mortality after OLT. Cer- 
tain factors have been reported previously to promote fungal 
infections, including debility, malnutrition, hyperalimenta- 
tion, antibiotics, steroids, indwelling catheters, diabetes mel- 
litus, and surgical procedures, especially those involving the 
gastrointestinal tract." The majority of fungal infections 
that oecur in liver transplant recipients are believed to arise 
from the endogenous microflora of the oropharynx and gas- 
trointestinal tract. The gastrointestinal tract is an important 
source of Candida, which colonizes 30% to 60% of normal 
subjects and up to 100% of potential liver transplant recipi- 
ents."^ The OLT disrupts the biliary tract and bowel, so that 
fungi may be released during the operative procedure.” In 
addition, recent studies have documented fungal transloca- 
tion aeross the gastrointestinal tract mucosa as a potential 
source of endogenous contamination." Derangement of the 
hepatic reticuloendothelial system, which is a major line of 
defense against fungal translocation, may uniquely predis- 
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pose the. 


liver transplant recipient to invasive fungal infec- 
thermore, an increased susceptibility to opportunis- 
, UK wens, such as fungal species, is a well-recognized 
<- consequence of immunosuppression directed at cell-mediated 
immunity ^"^^ 
.  Awide-variety of fungal species are encountered in hepatic 
allograft recipients." Interruption of the integument and mu- 
us barrier by surgical procedures and indwelling 
foreign bedies may likewise compromise immune defenses, 
leading to fungal infection." The occurrence of invasive fungal 
infections is usually preceded by yeast colonization of the 
upper respiratory tract, urine, abdominal drainage or wound, 
and indwelling catheter sites. However, the clinical signifi- 
cance of fungal colonization is often difficult to evaluate in 
liver transplant recipients. In the absence of histologic or 
culture evidence of deep organ involvement, the distinction 
between colonization and invasive infection is frequently 






tion. Fur 
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» problematie and related to the patient's clinical condition. 


Because the early diagnosis and effective treatment of deep- 
seated fungal infections remain an ongoing challenge, fungal 
infection ecntinues to be a major source of morbidity and 
mortality ir liver transplant recipients. 

An early review of fungal infections in 100 conseeutive liver 
transplant recipients (treated with azathioprine, steroids, 
and antilymphocyte globulin) revealed 18 cases of invasive 
Candida, nine cases of invasive Aspergillus, and one ease of 
disseminated Cryptococcus.' In 1985, Wajszezuk et al’ report- 
ed a 42% incidence of fungal infections in 62 adult liver trans- 
plant recipients treated with cyclosporine and prednisone, Of 
the 30 episades of fungal infection, 80% occurred in the first 
month anc 90% within 2 months after OLT. Candida species 
accounted for 22 episodes (73%) and Aspergillus species for 
six cases (20%). In the 26 patients with fungal infection, 18 
(69%) diec, including all six patients with Aspergillus infec- 
tion. Funga infections were present at death in 65.5% of cases 
and were believed to be the primary cause of death in 52.6% of 
autopsies. In this study, univariate risk factor analysis re- 
vealed a number of variables associated with fungal infec- 
tions, including preoperative steroids, preoperative aritibiot- 
ies, duration of transplant operation, duration of 
reoperations, duration of posttransplant antibiotics, bacterial 
infections, and treatments for rejection. 

In a retrospective analysis of 101 consecutive liver trans- 
plant recipients, Kusne et af reported an 18% incidence of 
fungal infections (14 with Candida and four with Asvergil- 
lus) All cases occurred within 2 months of OLT, with 14 
„deaths (77.8%; 10 with Candida and four with Aspergillus). 


Ina study of 93 consecutive liver transplant recipients receiv- 


-ing cyclosporine, prednisone, and azathioprine immunosup- 









^... pression, Ascher et al” reported a greater than 50% incidence 
of fun, snization/infection. Colonna et al‘ studied 42 liver 
in 35 recipients and documented nine cases 















complications, (5) age above 20 years, and (6) the need for- 
postoperative dialysis. ! 

This retrospective review of 72 patients with fungal infec- 
tion among 303 liver transplant recipients represents the 
largest reported series to date. Our 24% incidence of clinically. 
significant fungal infections is similar to that in other re 
ports.'*”* In addition, the early onset of fungal infectio 
OLT (85% of cases within 2 months) and predomin 
Candida species (83.5%) are comparable with find: 
other series. Univariate analysis of 17 pretrar 
intraoperative, and 15 posttransplant varia 
strated a number of risk factors predictive of 
development of fungal infection. However, dis 
ysis identified the following variables as ™ 
(1) retransplantation, (2) reintubation, (3) bà 






tions, (4) intraoperative blood transfusions, (5) urg: 


before transplantation, (6) number of steroid boluses, (D 


vascular complications, (8) prolonged antibiotic use, (9) meth- 
od of biliary reconstruction, and (10) Risk score. jt D 
Based on the disturbingly high incidence and significant _ 
morbidity and mortality associated with fungal infections m 
our liver transplant recipient population, it is apparent that . 
oral nystatin prophylaxis is inadequate. In a series of 100 liver _ 
transplants in 83 patients, Paya et al" reported only two 
major fungal infections (one disseminated candidiasis andone _ 
cryptococcal pneumonitis), both after retransplantation. — 
They attributed these results to the use of prophylactic selec- 
tive oral bowel decontamination. The UCLA group likewise . 
reported initial success in preventing fungal infections with a 
regimen of bowel decontamination.” With the increasing body 
of literature implicating bacterial and fungal translocation in 
the pathophysiology of infection, we are interested in investi- 
gating a number of potential regimens of fungal prophylaxis, ^ 
including the following: (1) selective antibacterial bowel de- 
contamination”: (2) early enteral feeding to prevent break- — 
down of the gastrointestinal tract mucosal barrier”; (8)anti- 
fungal bowel decontamination with oral amphotericin B^and. o 
(4) systemic and bowel antifungal prophylaxis withoralimid- 
azole derivatives." * In addition, with the limitations of am- - 
photericin B therapy from the standpoint of toxic effects and. 
therapeutic effieacy, the safety and efficacy of imidazole de- 
rivatives need to be determined in patients at high ris« for 
fungal infections.” : 
In summary, fungal infections remain an important scurce T 
of early morbidity and mortality after OLT. Most fungal. 
infections are due to Candida species, which are probably 
endogenous in origin. Early recognition of disease continues = 
to be a major problem, with disseminated infection beingthe | 
single most common clinical presentation in our series. Risk 
factors for fungal infection include retransplantation, reintu= Br. 
bation, bacterial infections, intraoperative blood transfu- |. 
sions, urgent status, number of steroid boluses, vaseular. 


complieations, prolonged antibiotic use, method of biliary 
reconstruetion, and Risk score. Although amphotericin B. 
therapy is effective in 7096 of cases (especially for Candida. 
species), other species are attended by an unacceptably high 
mortality, suggesting the need for effective prophylaxis, ear- 
lier diagnosis, and better treatment strategies in high-risk 
patients. 
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Discussion 


fungus, and could they be decolonized before transplantation? 

DAVID L. DUNN, PhD, Minneapolis, Minn: Since bacterial infec- 
tion and antibiotie therapy precede fungal infection, antibacterial 
propaylaxis may be more effective than antifungal prophylaxis. 

CAROL L. WELLS, PhD, Minneapolis, Minn: Finding Candida in 
manr sites may not be indicative of invasion but simply colonization. 
Did the patients all have truly invasive disease? 

DE CASTALDO: The clinical presentation of fungal invasion is often 
subte, and definitive diagnosis requires histologic evidence. Howev- 
er, b:opsy of tissue to prove invasion is frequently impossible. Bron- 
choaiveolar lavage has been used to diagnose Candida pneumonia 
and initiate amphotericin B therapy. We did not perform eye exami- 
naticns routinely. Fungal disease was not recognized in any patient 
before retransplantation. Nystatin prophylaxis is ineffective, There 
is interest in selective bowel decontamination, early enteral feeding, 
and the use of metronidazole derivatives. Patients were chosen for 
study by means of a combination of laboratory and clinical criteria 
with proved fungal invasion in 17 autopsies. We agree that the 
experience with amphotericin B is positive. This therapy should be 
started early in the course of the disease. 
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- Particles Translocate to 


: Intraperitoneal Prosthetie Materials 


Edna M. Mora, MD; Mario A. Cardona, MD; Richard L. Simmons, MD 


.... 7:9 Sterile and endotoxin-free biomaterials commonly used in 
*. prosthetic devices (Dacron velour, woven Dacron, and Biomer 
sthane) and cotton (control material) were implanted intra- 
|ally in mice with normal enteric fiora. intraperitoneal 
and woven Dacron became contaminated with 100 to 




















ed 


or histologic changes in the 
bowel were found. Subcutaneous biomaterials remained sterile. 
ingested fluorescent beads appeared in enterocytes, in lamina 
propria within macrophages, and in intraperitoneal biomateriais. 
The data suggest that intraperitoneal sterile reactive stimuli can 


rosthetic devices implanted into the abdomen 
afts, ventriculoperitoneal shunts, and perito- 
theters) is the most frequent and serious com- 
ated with the use of these devices. = Some of 
ns arise from contamination by microbes at 
thers arise from bacteria that migrate along 
s tracts. Intra-abdominal devices, however, 
ection with enteric bacteria. For example, 20% 
peritoneal vascular graft infections are associ- 
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ated with enteric bacteria: Escherichia coli aecounts for 1996 
to 35% of infections; Pseudomonas, 2090; Proteus, 1696, . 
Streptococcus, 8%; and Klebsiella, 5%.** Intestinal perfora- — 
tion is rare. E 
The mechanism by which inoculation with enteric bacteria . 
occurs through the normal intact bowel wall is unknown. Two _ 
studies support the hypothesis that an inflammatory focus 
adjacent to the bowel can promote bacterial translocation — 
through the normal bowel wall. In 1980, Schweinburg e: al 
showed that, after administration of an irritant solution inthe . 
peritoneal eavity, radioactive E coli given by mouth appezred 
in the peritoneal cavity, but not in the blood. More recently, 
Wells et al showed that enteric facultative bacteria translo- — 
cate to fibrinogen clots contaminated with anaerobes implant- 
ed into the peritoneal cavities of rats. In both these models, 
localized inflammatory insult occurred in the peritoneal eavi- - à 
ty adjacent to the normal bowel. For example, cultures from . 
samples of Bacteroides-contaminated fibrinogen clots im- 
planted subcutaneously never yielded entericgram-nega-ive — 
aerobes." Based on these findings, we hypothesize that intra- _ 
peritoneal prosthetic materiais, by virtue of their capacity to- 
induce an inflammatory reaction after implantation, promote 
bacterial translocation from the adjacent bowel. As a re a 
colonization of intraperitoneal prosthetic materials can oceur. 
Our study was designed to determine the kinetics of baeterial 
translocation to intraperitoneally-implanted biomaterials and 
to characterize and quantify the species that translocate to 
peripheral blood, mesenteric lymph nodes, the peritoneal 
cavity, and intraperitoneal materials. Translecation of ineri 
particles from the enteric lumen to the prosthetic material 
was also assessed. We have previously published preliminar 
data on this subject.’ | 


MATERIALS AND METHODS 
Animals 


Swiss Webster female mice (Hilltop Ine, Scottdale, Pa) weighing . 
18 to 24 g were provided water and fed rodent laboratory chow. 
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| (Purina Mills, Ine, St Louis, Mo) ad libitum. They were housed in a 
eonventional animai facility for at least 5 days prior to the 
experiments. 


Prosthetic Materials 


Biomer polyurethane (Symbion Co, Salt Lake City, Utah), Daeron 
velour and woven Dacron (Meadox Medicais Ine, Oakland, NJ), and 
cotton (Johnson & Johnson, New Brunswick, NJ) measuring 0.75 em? 
were implanted in the peritoneal cavity adjacent to the cecal area. 
The abdominal wall was closed with surgical clips. All materials were 

Sterile and tested for the presence of lipopolysaccharide by a lipopoly- 
saccharide assay based on the Limulus Amebocyte test (Sigma Co, St 

Louis, Mo). All materials were sterile and hpopolysaccharide-nega- 
tive at implantation. 








Operative Procedure 


Materials were implanted using careful aseptic techniques after 
administration of ether anesthesia. Control groups underwent no 
procedure (n = 32), blant procedure (n — 32), or subeutaneous implan- 

.. tation (n= 32) of the different materials. Experimental groups of 32 
= animals each had parz-enteric implantation of Biomer, woven Da- 
cron, Dacron velour, or cotton. One, 3, 10, and 28 days after implanta- 
tion, groups of eight animals from each group were subjected tc 
cardiac puncture and killed by carbon dioxide asphyxiation. To detect 
any.occult perforation ef the bowel, methylene blue (1.0 mg/mL) was 
added to their drinking water 24 hours before they were killed. The 
materials and peritoneal cavities were examined for blue staining at 
autopsy. 


Begs 





Bacterial Isolation 


Under sterile conditions, a sample of the peritoneal cavity at a 
distance from the implant was obtained with a peritoneal swab and 
used for culturing. The materials were harvested, placed in 0.5 mL of 
trypticase soy broth, vortexed for 1 minute and sonicated for 5 
minutes in a sonicater (Bramson Cleaning Equipment Co, Sheiton, 
Conn), Lymph nodes were dissected, removed from the mesentery of 
the small bowel, and homogenized under sterile conditions. Cardiae 
blood samples were placed in trypticase soy broth with 0.05% sodium 
polyanetholesulfonate (Eastman Kodak Co, Rochester, NY) as the 
anticoagulant. The latter prevents bacterial entrapment in a clot and 
has no bactericidal or bacteriostatic effecta. 

Aerobic and facultative bacteria were counted after plating sam- 
ples in MacConkey agar and Columbia colistin-nalidixie acid agar with 
5% red blood cells from sheep for enumeration of gram-negative and 
gram-positive bacteriz, respectively. Striet anaerobic bacterial eul- 
tures were obtained by plating the samples in Wilkins-Chalgren agar 
supplemented with gentamicin sulfate (10 mg/L) under anaerobie 
eonditions. 


Bacterial identification 


Staphylococci were tested for catalase production and identified by 
the Staphylocide assay (Fisher Scientific Co, Pittsburgh, Pa). Strep- 
tocoeci were tested on both 6.5% sodium chloride agar and bile- 
= esculin agar. Facultative and aerobic gram-negative Enterobacteria- 
. .teae were identified by a dehydrated substrate method (API-20 E 
System; Analytab Produets, Plainview, NY). 


| inert Particles 
-At the time of implantation, 1-um fluorescent beads (Polyscience 


20, Philadelphia, Fa) were added to the animals’ drinking water 
4x 10'/mL) until they were killed. At intervals, mesenteric lymph 
nodes and implanted biomaterials were harvested. Fluorescent 
` beads were detected by fluorescence microscopy. Distal ileal tissue 
was harvested for Eght microscopy. The presence of beads in the 
Antestinal epithelium and mesenteric lymph nodes was evaluated by 
fluorescence microseopy, 

B Light Microscopy 

. -Random samples of nodes and intestinal tissue were retrieved, 
preserved in formaldehyde solution (10% buffer), and stained with 
 hematoxylin-eosin. The appearance of the villi, presence of mucosal 
damage, and presence of bacteria were assessed. 

o Statistical Analysis 

_ Significant differences in incidence of translocation among groups 
"were determined using X analysis. Differences in parametric data 
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Table 1.— Cecal Bacterial Counts Shown by Log,, 
Bacterial Concentrations* 







Day 1 Day 3 Day 10 Day 28 
Gram-Positive Aerobes 
NC 7.0: 0.1 7.00.1 7.4203 7.3::0.4 

















LO 7.1+0.3 
B-Iraplant 
VWD-implant 
. D-implant 


7.00.4 6.9: 0.2 















Gram-Negative Aerobes 
7.5: 0.3 7.40.2 7640.4 


LC 6.9+0.3 7.0::0.2 
E-Implant 7.1x0.2 7.2: 0.2 
WO-Implant 


7.7205 






7.30.2 7.40.3 











C-implant 






Total Anaerobes 
8.90.6 













B-Implant 
WD-Implant 
D-implant 






“Values are means + SDs. NC indicates negative control; LC, laparotomy 
control; B, Biomer polyurethane; WD, woven Dacron; D, Dacron velour: and C, 
cottcn. 


were evaluated using Fishers Exact Test. Values of P=.05 were 
considered statistically significant. 


RESULTS 


After sterile placement of various prosthetic biomaterials 
into the peritoneal cavities of anesthetized mice, the cavities 
were examined at various intervals. At no interval was evi- 
dence of peritonitis, ascites, or microperforation present. 
Adhesions were always present after implantation of cotton, 
but rarely present after implantation of the other biomateri- 
als. Methylene blue, which had been added to the drinking 
water (1 g/L), was never found in the peritoneal cavities or on 
the biomaterial when the animals were killed, even though 
the intestinal contents were dark green. No evidence of 
bowel obstruction was detected. Quantitative aerobic and 
anaerobic cecal cultures were performed at different inter- 
vals. No significant differences were shown in the number of 
aerobic and anaerobic bacteria among control and experimen- 
tal groups (P>.05, Table 1). 


incidence of Bacterial Translocation 


Cardiac blood samples obtained immediately before death 
were cultured and found negative for both gram-positive and 
gram-negative aerobic or anaerobic bacteria. No evidence of 
strict anaerobic bacteria was present in peripheral blood, 
mesenteric lymph nodes, intraperitoneal prosthetic materi- 
als, or peritoneal swabs when samples taken at harvest were 
eultured. All eultures of node, blood, and peritoneal cavity 
samples in the laparotomy control group and the control 
groups were negative for both gram-positive and gram-nega- 
tive aerobie or anaerobie bacteria. Subcutaneous implants 
were always sterile. 

Table 2 shows the incidence of bacterial translocation to 
mesenteric lymph nodes, biomaterials, and peritoneum 
among control and experimental groups. On day 1, neither 
intraperitoneal Biomer nor intraperitoneal woven Dacron 
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-Percentage Incidence of Bacterial Transiocationto | 
'als, Mesenteric Lymph Nodes, and Peritoneums* 


Meseriteric 


Biomaterial Lymph Nodes Peritoneum 


| C-lmplant 100 100 100 
: 100 100 100 


<: C4mplam 






-Implan 100 100 10€ 
` C-mplant 100 100 10€ 


*No bacterial translocation to peripheral blood occurred. NC indicates 
negative control; LC, laparotomy control; and SC. subcutaneously implanted 
materials. Intraperitoneally implanted substances are indicated as follows: B, 
Biomer polyurethane; WD, woven Dacron; D, Dacron velour; and C, cotton. 
















‘evidence of bacterial colonization. Dacron velcur and 
ewed 100% and 75% incidences of translocation, 
After day 3, all intraperitoneal materials 
nce of bacterial eolonization. Peritoneal cultures 
1c evidence of bacterial contamination after exposure 
ven Dacron, and Dacron velour on day 1. 
e of translocation to mesenteric lymph nodes 
r pattern. In general, two patterns of bacteri- 
n were seen. Cotton and Dacron velour were 


most ntaminated within the first day after implanta- 
tion, bu jesenterie lymph nodes showed no evidence of 
bacte lonization at day 1 after exposure to either intra- 


peritoneal Biomer or intraperitoneal woven Dacron. On the 
other hand, mesenteric lymph nodes exposed to Dacron ve- 
lour and intraperitoneal cotton showed 100% translocation at 
day 1, After day 3, all the mesenteric lymph nodes exposed to 
raperitoneal materials showed 100% translocation. 
weal cultures from animals with intraperitoneal cot- 
1.75% translocation on day 1. After day 3, all 
iltures showed evidence of bacterial contami- 
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Table 3.— Type of Bacteria Isolated in Three Areas | 


Mesenteric 
Biomaterials Lymph Nodes Peritoneum 


Biomer Polyurethane-Implant Group 
nie Enterococci; shes 
Escherichia coli; 
Pseudomonas 
aeruginosa 
Enterococci; : 
P aeruginosa; E è 


Enterococci; Enterococci; 
P aeruginosa; Staphylococcus 
E coli aureus, E coli; 
P aeruginosa 


Enterococci; 
Lactobacillus; S aureus; 
Proteus P aeruginosa; 
mirabilis E coli 


S aureus; S aureus, 
Enterococci; P aeruginosa 
P aeruginosa; 
E coli 


Enterococci; S aureus. 
P mirabilis 


Enterococci; 


S aureus; Escherichia 
cloacae; 
P aeruginosa; E coil 


Woven Dacron-impiant Group 
Enterococci; 
E coli; 
P aeruginosa 
Enterococci; 
S aureus; E coli 


Enterococci; 
P mirabilis; E coli 


Enterococci; 
S aureus; 
E coli 


Enterococci; Enterococci; 
P aeruginosa; 


P mirabilis 


Enterococci; 

S aureus; S aureus; E coli; 

P aeruginosa; P aeruginosa; 

E coli P mirabilis 
Enterococci; Enterococci; 

S aureus; S aureus; 

P aeruginosa; P aeruginosa; 

E coli E coli 


Dacron Velour-Implant Group 
Enterococci; Enterococci; 
E coli E col; 
P aeruginosa 


Enterococci; E coli Enterococci; E coli 


Enterococct; 
P aeruginosa; E coii 


Enterococci; 
E coli 


10  Enterococci; 









S aureus; Enterococci; S aureus; 













S aureus; P aeruginosa; P aeruginosa 
P aeruginosa; P mirabilis; 
E coli; Ecol 
P mirabilis 

28 Enterococci, S aureus; Enterococci, S aureus; 
S aureus; P aeruginosa E cloacae; 
E cloacae; P aeruginosa; 
P aeruginosa; E coli 
E coli 

Cotton Implant Group 
1 Enterococci; Enterococci; Enterococci; 

P aeruginosa; P aeruginosa; P aeruginosa; E celi 
E coli E coii 


























Enterococci; Enterococci; Enterococci; 
P aeruginosa; P aeruginosa; P aeruginosa; E cali 
E coli E coii 
Enterococci; Enterococci; Enterococci; S aureus; 
S aureus; S aureus; P aeruginosa 
P aeruginosa; P aeruginosa; 








E coli E coli 











S aureus; P aeruginosa; S aureus; 
P aeruginosa; E cloacae P aeruginosa; 
E coli; E cloacae 
P mirabilis 


Transiocating Bacterial Species MEE 

Table 3 shows the translocating species isolated from eul- - 
tures of mesenteric lymph nodes, biomaterials, and peritone- - 
ums. The most commonly isolated species were E coli, entero- 
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Fig 1.—Tota! bacterial count in mesenteric lymph nodes (shaded bars), biomaterial (solid bars), and peritoneum (open 


bars) from Biomer (top left), woven Dacron (top right), Dacron velour (battom left), and cotton (bottom right) implanted in the 


peritoneal cavities of mice. 


cocci, Pseudomonas aeruginosa, Staphylococcus aureus, 
Escherichia cloacae, and, to a lesser extent, Proteus mirabi- 
lis and Lactobacillus. No anaerobes were found. In general, 
the species found in one site were present in the others, 
although discrepancies existed. 


Measurement of Bacterial Translocation 


To further characterize translocation to inflammatory foci 
and different inflammatory intensities, we obtained quantita- 
tive cultures after sonication of the biomaterials of aerobic 
gram-negative and gram-positive bacteria on the biomaterial, 
in the node, or on the peritoneal swab. Figure 1 shows the 
results. The biomaterials always had significantly higher 
numbers of bacteria than the nodes or peritoneal cavity 
swabs. Intraperitoneal Biomer and woven Dacron showed 
increases in the concentration of bacteria over time, while 
bacterial concentrations in intraperitoneal Dacron and intra- 
peritoneal cotton decreased. 

Cultures of the mesenteric lymph nodes showed a similar 
tendency. Mesenteric lymph nodes showed increased concen- 
trations of bacteria when exposed to intraperitoneal Biomer 
and woven Dacron. In contrast, bacterial concentrations in 
mesenteric lymph nodes exposed to intraperitoneal Dacron 
and intraperitoneal cotton decreased over time. Peritoneal 
cultures showed maximal bacteria concentrations at day 10 
when intraperitoneal woven Dacron and Dacron velour were 
used. Peritoneal cultures from the Biomer-implant group 
showed significant increases in bacteria concentration until 
day 28. On the other hand, bacteria concentrations in perito- 
neal cultures from the intraperitoneal cotton-implant group 
showed no significant change over time. 
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Histologic Findings 


Samples of ileal tissue were harvested from all groups on 
days 1, 3, 10, and 28, and processed for light microscopy. 
Evaluation of histologic sections showed no evidence of muco- 
sal barrier disruption as assessed by the presence of ulcer- 
ations or denudation of epithelial cells. The cellular compo- 
nents of the lamina propria were not different among control 
and experimental groups. Figure 2 shows ileal sections from 
the control (top) and cotton-implant groups (bottom) 10 days 
after implantation of the materials. 


Inert Particle Translocation 


In separate experiments, mice were fed fluoresceinated 
latex beads (1 jum ) in drinking water. Translocation of the 
beads was assessed by fluorescence microscopy of ileal tissue, 
mesenteric lymph nodes, and biomaterials on days 1, 3, 10, 
and 28. Figure 3 shows that the ileum was histologically 
normal. Beads were present within the enterocytes and with- 
in macrophages in the lamina propria. Beads were present in 
all biomaterials at all time intervals (Fig 4). Subjective evalu- 
ation showed that the concentrations were highest in cotton, 
followed by Dacron velour, woven Dacron, and Biomer. 
Finally, mesenteric lymph nodes also showed a few fluores- 
cent beads, although more sporadically (Fig 5). No beads 
were found free in the peritoneal cavity. 


COMMENT 


Most research into the infection of prosthetic devices has 
dealt with intravascular and subcutaneous devices. The 
sourceof the microbial contamination has been assumed to be 
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Fig 2.— Distal ileum from control mouse (top) and from mouse with 
cotton implanted in the peritoneum for 10 days (bottom). In botn cases, 
epithelial integrity was preserved. No evidence of edema or abnormal 
cellular infiltrate at the submucosal layer was found. 


ambient skin bacteria and transient bacteremia."" On the 
other hand, enteric flora predominate in infection of prosthet- 
ie devices implanted intra-abdominally. Our results demon- 
strate that enteric bacteria ean translocate to sterile, endo- 
toxin-free intraperitoneal implants of commonly used 
prosthetic materials. In some way, the foreign body outside 
the bowel permits the passage of bacteria through the intact 
mucosal membrane to itself. Similar translocation has been 
implicated as the source of systemic bacterial infections fol- 
lowing endotoxemia, ^ malnutrition,” immunosuppres- 
sion,” hemorrhagic shock," intestinal obstruction," ther- 
mal injury,” trauma,” and total parenteral nutrition."^ In 
these experimental models, the lymphatic and venous routes 
are thought to be involved. The transperitoneal route has not 
generally been thought to be important, even though trans- 
mucosal translocation to contaminated fibrin clots has oc- 
curred. In most models of translocation, the mucosal barrier 
has been disrupted. It is also clear, however, that the intact 
normal bowel wall permits translocation, eg, simple bacterial 
overgrowth and translocation can be associated with a high 
incidence of translocation to the mesenteric nodes. 

The studies by Inove et al^* have shown that Candida 
albicans translocates directly through apparently normal in- 
testinal epithelial cells after burn injury. Similarly, our work 
and that of Wells et al^* shows that enteric bacteria and inert 
particles translocate through an intact mucosal membrane. In 
none of these studies was evidence of intestinal obstruction or 
bowel perforation present. All the materials in this study 
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Fig 3.—Distal ileum from mouse with Dacron velour implanted intra- 
peritoneally for 10 days (top) and from mouse with cotton implanted 
intraperitoneally for 10 days (bottom). Both were given fluorescent 
beads (1 pm) in drinking water for 10 days. The integrity of the mucosa 
was preserved. In both, clusters of fluorescent beads can be identified 
at the submucosal space within cellular structures 


were sterile and endotoxin-free, and the animals were 
healthy. Surgery per se was not associated with intraperito- 
neal translocation, and subcutaneous biomaterials remained 
sterile. 

Our kinetic studies suggest that either the material cr the 
node is contaminated first and the peritoneal cavity seeond. 
The fact that the material is more heavily contaminated with 
inert beads suggests, but does not prove, that the material 
can be a primary target of the translocating substance. The 
fact that latex beads lacking intrinsic motility appear at sites 
of local para-enteric inflammation suggests that they are 
transported there by motile cells. We have previously shown 
that luminal beads are phagocytosed in the enteric walls of 
normal dogs and mice and that the phagocyte can migrate to 
the mesenteric node.” The parallel studies herein discussed 
suggest that beads are carried by phagocytes of the intestinal 
wall to sites of inflammation caused by sterile prosthetic 
devices outside that wall. We previously argued that bacteria 
can also translocate as viable organisms within macro- 
phages.’ The same reasoning is valid here—namely, that 
sterile inflammation adjacent to the bowel wall can eause 
chemotactic gradients that allow bacteria-laden macrophages 
to contaminate the site. The fact that these biomaterials 
trigger the alternative pathway of the complement cascade in 
vitro (E. M. M., Sandi S. Kaplan, and R. L. S. Unpublished 
data. 1990.), thereby liberating chemotactic substances (C3a, 
C5a), supports this argument. 
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Fig 4.—Top, Dacron velour implanted in the peritoneal cavity of a 
mouse for 10 days (original magnification x 100). Bottom, Cotton 
implanted in the peritoneal cavity of a mouse for 10 days (original 
magnification x 40). Both mice received fluorescent beads (1 i.m) in 
drinking water for 10 cays. In both materials, fluorescent beads can be 
identified at the surfaces. 


Nevertheless, alternative hypotheses cannot be ruled out. 
Wells et al^ have demonstrated enterococci translocating 
from the enteric lumen in vascular channels in the bowel wall, 
so that contamination with bacteria that have passed through 
the enterocyte into zhe lamina propria may escape phagocyto- 
sis and be carried passively in venous or lymphatic blood flow 
into the inflammatory site. Countering this argument is the 
contamination within 24 heurs of implanted cotton and Da- 
eron velour, since 24 hours is too little time for vascular 
ehannels to establish themselves. 

It is noteworthy that the materials were lipopolysaccha- 
ride-free, intestinal obstruction was not present, and the 
bacterial counts in the ceeum were unaffected by the implant. 
All of these factors nave been shown to increase translocation 
to mesenterie nodes. Onee more, we confirm the finding that 
anaerobes rarely transloeate. 

Interestingly, results of cultures of specimens taken 10 and 
28 days after implantation were basically the same for all 
biomaterials. All the materials were contaminated with the 
same counts (100 tc 10 000) of the same organisms. Thus, the 
rapidly contaminated materials (Dacron velour and cotton) 
reduced the number of bacteria initially present. The less 
reactive biomaterials, which were contaminated slowly with 
fewer organisms, showed increasing numbers of bacteria (100 
to 10 000) at 10 and 28 days after implantation. These results 
suggest that two stages of infection occur. The first includes 
translocation across the intact bowel. This occurs at a rate 
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Fig 5.—Tissue section of a mesenteric lymph node from a mouse 
exposed to intraperitoneal Dacron velour (original magnification 
X 100). Fluorescent beads can be identified at center. 


proportional to the inflammatory potential of the biomaterial 
(cotton and Dacron velour have been shown to elicit far more 
tissue reaction than Biomer and woven Dacron).? The second 
stage seems to involve the role of the biomaterial in influenc- 
ing bacterial proliferation at that site. The two separate steps 
may be related in that acute inflammation may draw more 
bacteria from the lumen, but may also keep the count low. 
Less reactive materials may induce lesser amounts of translo- 
cation, but also elicit a lesser degree of inflammation, thereby 
permitting bacteria to proliferate more rapidly. 

In summary, we have shown that bacterial translocation is 
one mechanism by which biomaterials implanted in the perito- 
neum become colonized by enteric bacteria. The observation 
that within 4 weeks the materials are still colonized suggests 
that acute as well as late infections can develop as a result of 
this process. Other factors, such as host defenses, graft reac- 
tivity, and mechanical stress of the graft, also influence the 
final outcome. 

Based on these findings, prophylaxis for these infections 
could be based on either local prolonged delivery of antimicro- 
bial drugs at the surface of the materials or reduction in the 
number of intestinal bacteria by selective bowel decontamina- 
tion. The fact that no evidence exists that these materials 
become colonized via the hematogenous route, and that Sys- 
temic antibiotics usually do not penetrate inflammation sites 
and carry a high risk for systemic side effects, suggests that 
the most rational approach is the prolonged local delivery of 
antibiotics that act against gram-positive and gram-negative 
enteric organisms. On the other hand, the duration of the 
capacity of these materials to induce bacterial translocation is 
unknown. If prolonged, selective bowel decontamination 
might open the way for development of resistant organisms. 
We are now studying the role of cellular factors in the acute 
and chronic inflammatory reaction to these materials and 
their effects on bacterial translocation. 
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unique in that translocation was documented in the 
ntact intestinal mucosa and in the absence of bacterial 
trauma. Because translocation was reportedly in- 
a of perienteric inflammation, what was the evidence 
ory response? What was a possible mechanism for 
patterns of translocation into inert materiais? Was 
formation regarding the origin of bacteria that were 
continually detected in the inert materials? That is, did active translo- 
eation continue over time, or did the translocated bacteria rep.icate in 
the inert material? 

CHRISTOPHER C. BAKER, MD, Chapel Hill, NC: Was there any 
electron mizroscopic evidence to substantiate that bacteria translo- 
cated within macrophages? 

J. WESLEY ALEXANDER, MD, Cincinnati, Ohio: Endotoxin, as 
 wellas oral, radiolabeled E coli, translocate into the peritoneal cavity 
of guinea pigs with burns covering 30% of body surface area. Because 
iderable evidence for translocation of intestinal bacte- 
into the peritoneal cavity, what is the evidence concern- 
e mechanism involved in this process? 

STEIN, MD, Toronzo, Ontario: Dr Wells has previously 
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Discussion 


localized translocated fluorescent latex beads within meserteric 
lymph node macrophages. Because there was presumably an inflam- 
matory response at the site of the inert material, and because fluores- 
cent latex beads were found within the inert material, could these 
fluorescent particles be detected within inflammatory cells? 

DR MORA: Several investigators have noted inflammatory cells at 
the surfaces of these types of inert materials in vivo; these-materials 
induce the production of superoxide, interleukin, and tumor neerosis 
factor in vitro. The different patterns of transloeation weredikely due 
to the differing degrees of inflammatory response induced by these 
materials. Concerning the mechanism by which viable bacterm are 
continually recovered from the inert materials, there is preliminary 
evidence that this form of translocation is associated more with an 
acute inflammatory reaction than with a chronic inflammatory reac- 
tion. Concerning the results of studies reported by Dr Alexander, it is 
difficult to postulate a precise mechanism whereby bacteria/particles 
translocate into the peritoneal cavity. Electron microscopic studies 
are in progress to determine the association between translocating 
bacteria and macrophages. The location of latex beads in relation to 
cellular elements has not been determined precisely to date, but 
fluorescence microscopy has verified that the beads are definitely 
inside the inert materials. 
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* Transient nosocomial infections, such as line sepsis end 

|»... pneumonia, are common in today's critical care patient popula- 
.. ion. Although generally well treated, the effect of these trarslent 
antigen exposures on the immune system is unclear. We have 
previously shown that prior intraperitoneal inoculation with live 
bacteria leads to increased numbers of intraperitoneal abscess- 
es. Data presented here demonstrate in a murine model that two 
immunizations with live Escherichia coli, Bacteroides fragilis, or 
both, administered systemicelly via intracardiac Injection cr et a 
focal distant site in subcutaneous tissue, significantly increased 
the number of mixed E coli/B fragilis intraperitoneal abscesses 
when induced 1 week iater. Further, immunization with E coll, 
. either alone or in combination with B fragilis, increased the total 

. number of anaerobes recovered per mouse. Transient or focal 













 Subiethal infections can significantly alter an animal's immune 
. response to later infectious insults, particularly the formation of 
. Intraperitoneal abscesses. 

s (Arch Surg. 1991:128:164-168) 


T ! ecent advances in intensive care have allowed physieians 
- V to prolong the lives of increasingly ill and debilitated 
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shown to have marked effects on intraperitoneal abscess 
formation. Cheadle et al’ recently demonstrated that a single 
subcutaneous injection of muramyl dipeptide 1 day before 
mixed intraperitoneal abscess induction in mice reduced mor- 
tality yet increased the formation of intra-abdominal abscess- 
es. Shapiro et al," on the other hand, have demonstrated that 
repeated immunizations with purified Bacteroides fragilis 
capsular polysaccharide prevents the formation of monomi- 
crobial E fragilis abscesses. 

In a murine model of mixed Escherichia coli/B fragilis 
intra-abdominal abscesses, we have previously demonstrated 
that two weekly intraperitoneal injections of sublethal num- 
bers of Eve E coli, B fragilis, or both increase the number of 


abscesses formed when induced 1 week after the second . 
immunization." The relative contributions of the systemic (ie, 


diaphragmatic bacterial clearance) and local (ie, peritoneal 3 


phagocytosis) immune mechanisms to this phenomenon are 
not well defined. In an attempt to distinguish the immunologic 
effect of the immunization from alterations ofthe peritoneum, 
mice were immunized as before, but the site of the introduc- 


tion of the bacteria was changed. After bacterial preexpo- < 


sure, intraperitoneal abscesses were induced as before. Mor- 
tality and abscess number, size, and bacterial composition 
wereexamined. 


MATERIALS AND METHODS 
Animals 
Male BALB/c mice weighing 20 to 25 g (Charles River Laborato- 
ries, Wilmington, Mass) were used for all experiments. Animals were 


housed in:stainless steel wire cages according to National Research 
Council standards, and received food (Purina Lab Chow, Purina Mills 


Co, St Louis, Mo) and water ad libitum, Experimental groups were 


studied simultaneously with cohort controls from the same shipment 
of mice from the supplier. All groups were studied on two discrete 
occasions. and a third set of control animals was studied in the 
interim. 
Bacteria and Fecal Adjuvant 

A clinical isolate, E coli 0065 (016, K-, HNM), was grown from a 
single colony off a stock plate by incubating in brain-heart infusion 
broth (Becton Dickinson and Co, Cockeysville, Md) for 18 hours in a 
37°C oscillating water bath. Cultures were centrifuged for 12 minutes 
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at 2400g at 4°C, and pellets were further washed twice in a similar 
manner in 0.9% saline. After the second wash, bacteria were quanti- 
fied using serial dilutions and plate enumerations. Bacteroides fragi- 
lis (American Type Culture Colleetion 23745) was prepared by inocu- 
lating 1 mL of a stock chopped meat broth solution into brain-heart 
infusion broth supplemented with hemin and vitamin K and incubated 
anaerobically for 18 hours at 37°C. Cultures were centrifuged for 12 
minutes at 2400g at 4°C, and pellets were further washed twice in 
prereduced Hanks’ balanced salt solution (Sigma Chemical Co, St 
Louis, Mo) in a similar manner. After washing, bacteria were serially 
diluted and quantified by plate dilution on Brucella agar (Becton 
Dickinson) in an anaerobe chamber (Coy Manufacturing, Ann Arbor, 
Mich). 

Sterile fecal adjuvant solution was made by grinding mouse feces 
into a fine powder, adding to 0.9% saline to form a 5% wt/vol mixture, 
and sterilizing in a steam autoclave at 121°C for 15 minutes. This 
preparation was kept refrigerated at 4°C, and sterility was ensured 
before each use by negative culture on blood agar plates. 


Immunization 


Mice were immunized with 1000 live E coli, 100 000 live B fragilis, 
or a combination of the two, systemically via intracardiac injection or 
focally via subcutaneous injection 2 and 1 weeks prior to abscess 
induction. Other doses or schedules of immunization have not yet 
been evaluated in this laboratory. Control animals received no treat- 
ment prior to abscess induction, because earlier experiments had 
demonstrated no differences in intraperitoneal abscesses between 
untreated animals and those receiving normal saline intraperitoneal- 
ly on the same schedule as bacterial immunizations.* There were no 
deaths from these immunizations, and examination of animals immu- 
nized in this manner and killed 1 week after the second immunization 
(three animals per group) revealed no discernible mediastinal or 
subcutaneous abnormality. 


Abscess Induction 


After adequate inhalational anesthesia was administered with hal- 
othane, abscesses were induced with percutaneous intraperitoneal 
injections of a mixture of 1000 live E coli, 100 000 live B fragilis, and 
0.05 mL of sterile fecal adjuvant solution (total volume, 0.175 mL). 
Previous studies during the development of this model demonstrated 
that inoculation with a solution of greater than or equal to 10 000 E 
coli and 1 million B fragilis resulted in a 10096 mortality, and that 
inoculation with a solution of less than or equal to 100 E coli and 10 000 
B fragilis resuited in a 096 mortality (data not shown). Acute volume 
resuscitation was achieved with a single subcutaneous 0.5-mL injec- 
tion of 0.996 saline. Overall, this model has remained consistent over 
time with suceessive groups of mice used as cohort controls (now at 
least 150 animals) for various experiments. 


Analysis of Abscesses 


The mice were killed by halothane overdose 10 days after abscess 
induction. Their abdomens were sterilized, and a generous t-shaped 


Number of Animals Inoculated, Number Surviving, anc 
Mean (+SEM) Abscess Weight and Size 


No. of 
No. of Animals Abscess Abscess 
Animals Surviving Weight, Size, 
Inoculated (% Mortality) mg mm 


21 (19) 41+2.3 4.1+0.14 
7 (22) 43+6.2 45+0.34 


Group* 
Control 
Escherichia coli IC 


Bacteroides fragilis 
IC 6 (33) 


E coli and B ‘ragilis 

IC 5 (44) 
E coli SQ 7 (22) 
B fragilis SQ 8 (11) 
E coli and B fragilis 

SQ 5 (44) 32+3.4 3.70.27 


*IC indicates intracardiac injection, and SQ, subcutaneous injection 


42+7.5 4.20.47 


457.5 4.70.49 
475.4 4.8:-0.38 
384.1 4.2-0.37 
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incision was used to thoroughly explore the abdomen and pelvis. All 
abscesses 2 mm or greater were excised, measured in greatest diame- 
ter, placed in prereduced Hanks' balanced salt solution, and weighed. 
Abscesses were finely minced, and the homogenate was serially 
diluted and quantitatively plated aerobically on McConkey' agar and 
anaerobically on Brucella bile-esculin agar. Growth was evaluated 24 
and 48 hours after plating. 


Statistical Analysis 


Dichotomous variables were compared using x^ analysis and differ- 
ences in means were evaluated using an unpaired Student's f test or 
analysis of variance, all with the aid of a computer (Macintosh, Apple 
Computers, Cupertino, Calif) and statistical packages (StatWorks, 
CricketSoftware, Philadelphia, Pa, and StatView 512+, Abacus 
Concepts, Calabasas, Calif). 


RESULTS 
Mortality 


All deaths occurred within 72 hours of abscess induction. A 
1996 mortality rate was observed in the control group (Table). 
Mortality rates of 1196 to 4466 were seen in the experimental 
groups, but due to the small study size, none were significant- 
ly different from the control rate (P>.10). 


Abscess Number 


The mean ( - SEM) number of abscesses found in control 
mice at sacrifice was 2.4 -- 0.11 (Fig 1). All six experimental 
groups had signifieantly more abscesses than did controls 
(P<.02). Mice systemically immunized with E coli, B fragilis, 
or both formed 6.6 + 0.57, 4.2 +0.31, and 4.4 + 0.51 abscesses, 


. respectively, while subcutaneous immunization with E coti, B 


fragilis, or both yielded 4.6 0.57, 4.6+0.53, and 6.3— 1.4 
abscesses, respectively. The only difference between study 


Fig 1.—Number of abscesses recovered per mouse vs group studied. 
IC indicates intracardiac injection; SQ, subcutaneous injection; aster- 
isk, P<.01 vs control group; and dagger, P<.05 vs other groups 
receiving IC immunization. 
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groups occurred in mice receiving intracardiac injections, 
when the group immunized with E coli alone had significantly 
more abscesses than the other two groups (both P<.05). 
Abscesses less than 2 mm in diameter were found in fewer 
than 10% of mice and were distributed evenly throughout the 
groups (data not shown). 


Abscess Size 


In control animals, mean abscess weight was 41 +2.3 mg, 
and mean size (greatest diameter) was 4.1 + 0.14 mm. Experi- 
mental animals did not differ in either variable (Table). 


Bacteria Recovered per Abscess 


Control animals yielded a mean of 6.9+1.1 x 10° colony- 
forming units (CF Us) of E coli and 8.2+1.1 x 10° CFUs of B 
fragilis per abscess (Fig 2). Only E coli and B fragilis were 
found in detectable quantities. None of the experimental 
groups differed in the number of aerobes recovered per ab- 
scess; only animals immunized systemically with B fragilis 
developed abscesses, with the number of anaerobes cultured 
significantly lower than from controls: 4.7 — 1.6 x 10° CFUs 
(P«.05). 


Total Bacteria Recovered per Mouse 


A total o£ 1.7 = 0.30 x 10' CFUs of E coli and 2.0 + 0.29 x 10' 
CF Us of B fragilis were recovered per control animal (Fig 3). 
The total rumber of aerobes cultured was different from the 
control group only in mice immunized subcutaneously with 
both bacteria, in which mean recovery was 4.4--2.0 x 10’ 


Fig 2.—Number of aerobic and anaerobic bacteria recovered per 
abscess vs group studied. Solid bars represent the group given Es- 
cherichia coli, and shaded bars, Bacteriodes fragilis. IC indicates 
intracardiac injection; SQ, subcutaneous injection; CFU, colony-form- 
ing unit; and asterisk, P<.05 vs control. 
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CFUs of E coli per mouse (P<.05). Among mice preexposed 
to bacteria systemically, those given E coli or both E coli and 
B fragilis had significantly more anaerobes found at death: 
5.2 1.6x 10" CFUs and 4.4+2.0x 10' CFUs, respectively 
(both P<.05 vs control). Mice undergoing subcutaneous bac- 
terial immunization maintained a similar pattern; animals 
preexposed to E coli had 4.6-2.0x10' CFUs of total B 
fragilis eultured at sacrifice; mice preexposed to E coli and B 
fragilis, 7.1+2.5 x 10' CFUs (both P<.05 vs control). 


COMMENT 


Technological advances have allowed for the continued sup- 
port ofthe critically ill patient. A by-product of these achieve- 
ments is the common occurrence of infectious complications, 
generally nosocomial or iatrogenic in nature, only indirectly 
related to the patient's primary disease.’ Although multiple 
studies have demonstrated alterations in both the cellular and 
humora! immune responses in severe injury or illness, ^? the 
effect of other, more transient insults, such as pneumonia, 
line sepsis, phlebitis, or wound infection, is much less 
understood. 

Mixed bacterial peritonitis from intra-abdominal contami- 
nation with enteric contents is one of the problems most 
commonly encountered by the general surgeon dedicated to 
the care of the critically ill. These patients frequently spend 
many days in intensive care units, and, as such, have a consid- 
erable predisposition to nosocomial infections. Further, pa- 
tients already in intensive care with nonabdominal primary 
illnesses have a predilection to develop intra-abdominal ab- 


Fig 3.— Total number of aerobic and anaerobic bacteria recovered per 
mouse vs group studied. Solid bars represent group given Escherichia 
coli, and shaded bars, Bacteriodes fragilis. IC indicates intracardiac 
injection SQ, subcutaneous injection; CFU, colony-forming unit; and 
asterisk, °<.05 vs control. 


11 





0 

o O O O O O O 
= s - ra D o o 

E > : IM ~I 
8 8 = 8 8 3 2 
" g S Ww S S 
Q tn -— © 
a aq 

Ee! 
S 2 
D S 
8 S 
W o 
ly 
Group 


Intraperitoneal Abscess Formation— Sawyer et al 





normalities such as perforated duodenal ulcers or ischemic 
bowel perforations. Our previous studies have shown that a 
- prior intraperitoneal exposure of the same sublethal number 
of E coli, B fragilis, or both on the same inoculation schedule 
resulted in an increased formation of mixed abscesses: 
2+0.26, 8.90.39, and 4.1+0.45, respectively, vs 
24 0,13 in untreated controls.’ Because of the diffieulty in 
separating systemic alterations in the immune system from 
unseen loeal effects on the peritoneum induced by the intro- 
duction of small numbers of live bacteria, the approach of 
distant introduction of bacteria was taken. Further, although 
E coliis a .eommonly isolated nosocomial pathogen, B fragilis 
is not, anc one may question its use in a model designed partly 
to. study : the effects of nosocomial infections. The bacteria 
chosen, however, were a result of an attempt to directly 
_. compare the results of peritoneal preexposure in previous 
- . experiments with the systemic and distant preexposure used 
here. Research is under way to examine the effects cf other 
common nosocomial pathogens, eg, Enterobacter cloacae, 
Enterococeus faecalis, and Candida albicans, on later intra- 
abdominal abscesses. Preliminary data from our laboratory 
suggest that other gram-negative organisms, but not gram- 
positive organisms, may predispose subjects to increased 
abscess fermation. Other preliminary studies with E coli 
lipopolysaecharide, however, have demonstrated that lipo- 
polysaccharide alone may be insufficient to reproduce this 
response, 

The data presented here demonstrate that as few as two 
exposures to a small number of live E coli, B fragilis, or both 
have a dramatic effect on the subsequent formation of intra- 
abdomina: abscesses. These inoculations produced no lethal- 

— - jty and no discernible physical abnormality. Not only did the 

" -. number of abscesses increase, but changes in the bacterial 

. eompositien were also seen. Both results are similar to those 

- seen when animals are immunized intraperitoneally, and 

_ therefore imply a systemic rather than local (peritoneal) re- 

sponse in all three cases. The ehanges in bacterial composition 

are interesting in that preexposure to E coli alone or in 

combinatien with B fragilis and at both sites led to significant- 

ly increased total numbers of anaerobes recovered at the time 

of death, while immunization with B fragilis alone did not. 

These findings may indicate some degree of antigen specific- 

ity rather than a generalized enhancement of the immune 

response leading to increased abscess formation, possibly via 

the contral of E coli proliferation with the subsequent over- 
growth of B fragilis. As previously noted, on the other hand, 

the prelimi nus iry data we have collected suggest that preexpo- 

| to other gram-negative organisms such as E cloccae or 

nas aeruginosa, can also increase E coli/B fragilis 

ation, indicating some non-antigen-specific im- 

tion, based perhaps on a nonspecific cytokine- 

sponse to unknown bacterial constituents or 




























these changes were seen without a discernible 
ality between groups. It must be noted, how- 
ever, th: model used was designed specifically to exam- 

ine abscess formation and not to examine mortality, which is a 

prohibited p primary experimental end point in our institution. 
Therefore, further experimerts have not been carried out to 
try to detect differences in mortality. 

The specific cell level mechanisms underlying these alter- 
ations in intra-abdominal abscess formation have yet to be 
elueidated. We have reported data suggesting that the pas- 
sive transfer of immunized lymphocytes can reproduce ! these 
ngs in naive sibling mice.’ Zaleznik and colleagues” have 

i P ir depth the effects of preexposure to B fragitis 
.ysaccharide on later intra-abdominal monomicro- 
rag gilis abscess formation, and have found that abscess- 
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es can effectively be prevented by immunization with the 
capsular polysaccharide. This effect is mediated by a CD8* 
I'T lymphocyte and a small, approximately 40-kD soluble T- 
cell product. " Immunization effects an augmented early peri- 
toneal lymphocyte influx, a novel lymphocyte influx from 2to ` 
5 days, and a decline in recoverable B fragilis from5to le days T 
after inoculation (in bacterial containment chambers)." . 
This experiment yielded different results from thos l 
ported earlier by Shapiro et al.” Immunization w 
fragilis not only did not prevent the formation of i Scesses, 
but actually caused an increase in the number of mixer | 








scesses compared with controls. Immunization with E 
a combination of E coli and B fragilis also augmented t 
number of abscesses formed. 

A number of important differences exist T the ex- 
perimental models. Zaleznik et al" used a simple, inert, anti | 
gen-purified capsular polysaccharide to induce immunity 
while antigenically complex live bacteria were used in this 
experiment. Also, the timing and frequency of immunization ^. 
were markedly disparate between the two experiments, with |... 
preexposure to antigen occurring 15to24 times vs twice prior . > 
to abscess induction. Marked differences between the abscess 
models themselves also exist. First, most of the previous 
experiments have used the monomicrobia! B fragilis abstess- 
es rather than an aerobic-anaerobic mixture. When mixed 
abscesses were studied by Onderdonk et al, they consisted of 
B fragilis, Bacteroides distasonis, and E faecalis. With im- 
munization with capsular polysaccharide, a species-specific M 
ee of B fragilis was demonstrated, both in abscess- 

" and intraperitoneal killing chambers, ` without affecting 
the other species or the rate of abscess formation. A similar 
result was not seen in our experiments, and the differencein — 
virulence between the two models aerobic bacteria (E celivs — 
Streptococcus faecalis) and their incompletely defined abili- —— 
ties to promote the growth of anaerobes and formation of = = 
abscesses may well be important. It is unknown, forexarple, | = 
whether S faecalis is able to rapidly reduce the intraperitone- : 
al po, in the presence of particulate adjuvants as has been 
demonstrated with E coli." The adjuvants used to aid in the 
induction of abscesses in the two models are significantly 
different. Zaleznik et al" used sterile cecal contents from 
meat-fed rats, while sterilized grain-fed mouse stool was used 
in the present study. The addition of an inert, particulate 
adjuvant has been almost universally necessary to induce 
experimental intra-abdominal abscesses, and numerous sub- 
stances were used, including sterile feces, ^ necrotic tissue,” 
barium sulfate," and bran." The common characteristic of 
these materials appears to be the ability to derange both the 
mechanical and phagocytic host bacterial clearance mecha- 
nisms. The differences in consistency between adjuvants and 
their disparate effects on bacterial clearance may explain the 
discrepancies in the ability to immunologically preven: ab- 
scess formation. Whatever the differences between medels 
and immunization techniques, there are marked and basic 
alterations in the immunologic response to subsequent intra- 
abdominal infections. 

In summary, we have confirmed the following simple hy- _ 
pothesis: that transient, and in this case apparently nonmor- 
bid, exposure to live bacteria, either systemically or at a focal 
extraperitoneal site, can significantly alter later intra-abdom- 
inal formation, These data may well be analogous to clinical 
situations when an infection such as pneumonia or line sepsis 
is followed by a mixed enteric flora insult to the peritoneum. 
The mechanisms underlying these changes remain to be dis- 
covered, but prior work indicates that the cellular immune 
system, particularly lymphocytes, may be centrally involved. ' 

This study was supported by Research and Development grant 5-507- 
RR05431-28 from the University of Virginia, Charlottesville. 
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<: DONALD E. FRY, MD, Albuquerque, NM: Infection at one anatom- 
=. de site of the body having the effect of increasing infection frequencies 
at other anatomic sites is important. Is increased abscess formation 
really bad or does it reflect increased efficiency of the periteneal 
cavity in the containment of bacterial contaminants? The survival 
data presented by the authors do not refleet on the positive or 
negative effects of remote infection. Are the numbers of animals in 
, each experiment performed by the authors adequate to draw mean- 
 ingful conclusions? Have the authors found the pretreatment sensiti- 
zation of the animals to be specific to E coli or B fragilis? Have the 
authers examined the effects of nonspecific inflammation sueh as 
would be seen by challenging the animals with zymosan prior to the 
baeterial challenge? 
ORI D. ROTSTEIN, MD, Toronto, Ontario: How did you define an 
. abscess in your study, since a fibrin collection without purulence 
. eoulé be interpreted as an abscess? Data from the studies by Onder- 
: donket al are at variance withthe presented data of this article in that 
_ they showed that vaccination with B fragilis actually reduced abscess 
rates to subsequent bacterial challenges with this organism. How do 
you reconcile the differences between your observations and those of 
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Discussion 


others? Please speculate on the mechanisms by which immunized 
splenocytes could increase the abscess formation rate, 

DR SAWYER: I should indicate the uncertainty of my own feelings 
about the positive vs negative aspects of abscess formation in the 
peritoneal cavity. We have not increased the lethality of the model as 
was suggested by Dr Fry; however, we will take that under consider- 
ation, We are currently performing experiments that will address the 
question of whether the pretreatment effects identified in their ex- 
periments were specific or nonspecifie with respect to the bacterial 
strain. Nonspecific inflammation has not yet been studied in our 
laboratory. 

Dr Rotstein, we define an abscess as any collection that was 2mm 
or more in size. This was chosen because cultures of smaller lesions 
did not yield any organisms. The differences between our reported 
data and those of Onderdonk et al may relate to the different animal 
models employed by the different research groups. 

Finally, the mechanism of passive transfer of immunized spleno- 
cytes probably was mediated through cytokine release from macro- 
phages and was probably not related to direct action of the sensitized 
splenocytes. 
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What trends exist 
among medical groups today? 


Available now. .. Medical Groups in the U.S. — A Survey of Practice 
Characteristics 1990 Edition is the ideal reference for anyone interested in 
current trends or involved with planning for the ongoing success of an 
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. Pneumonia Complicating Abdominal Sepsis 


p ; hn Independent Risk Factor for Mortality 


Robert A. Mustard, MD, FRCSC; John M. A. Bohnen, MD, FRCSC; Carl Rosati, MD; B. Diana Schouten, RN 


e Nosocomial pneumonia (NP) is associated with a significant 
mortality, 66% in a previous retrospective study of NP complicat- 
ing intra-abdominal sepsis (IAS). We prospectively compared the 
outcome of NP complicating IAS with that of recurrent [AS 
iR-IAS) in the absence of NP. Data were collected prospectively 
on 300 patients with IAS; 34 patients who presented with pneu- 
monia were excluded trom the analysis (44% mortality). One 
hundred seventy-one patients with no NP and no R-IAS (group 1) 

| ^ had a hospita! mortality of 20% (34 patients ); 36 without NP in 
^5. whom R-IAS developed (group 2) had a 17% mortality (six pa- 
tients); and 47 with NP but no R-IAS (group 3) had a 53% mortality 
^. (25 patients). Finally, 12 patients who had both NP and R-IAS 
— suffered a 75% mortality (nine patients). We examined the rela- 
tionships among the following putative risk factors and mortal- 
|. ity: APACHE (acute physiology and chronic health evaluation) Il 
>. score (at initial presentation with IAS), the need for mechanical 
> ventilatory assistance following initial treatment for peritonitis, 
5 steroid requirement, generalized peritonitis vs abscess, and the 
- need for surgical as opposed to percutaneous treatment. Using 
|. mortality as the dependent variable, group 2 vs 3 as the explana- 
_.. tory variable, and the risk factors as confounders, logistic regres- 
|. "sion analysis indicated that the group difference was significant 
- . after controlling for confounders. We conclude that NP compli- 
cating IAS is an Indevendent risk factor associated with a signifi- 
| v eant mortality compared with R-IAS. These data challenge the 
_ v; notion that death in IAS is usually due to recurrent or persistent 
intra-abdominal! infection. 
mE pem Surg. 1991;126:170-175) 























d osoeomial pneumonia (NP):is widely recognized to be a 
. N major cause of morbidity and mortality in hospitalized 
| yatients.- ‘It is the second most common hospital-acquired 
z infection and the leading cause of mortality due to nosocomial 
infection. The overall mortalities in patients with NP vary 
‘between 20% and 60% depending on the specific population 
tudied. In one recent study, patients in the intensive care 
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unit (ICU) who were receiving ventilatory assistance had an 


overall incidence of NP of 21%, with an associated mortality of 
55%." Richardson et al’ reported a 29% incidence of NP follow- 
ing laparotomy for intra-abdominal abscess. The overall mor- 
tality of the 143 patients treated for intra-abdominal abscess 
in their series was 32%, whereas the mortality for the 41 
patients in whom NP developed was 66%. 

In this study, we analyze our experience with NP in 300 
patients treated for intra-abdominal sepsis (IAS) at one uni- 
versity teaching hospital. In particular, we determined our 
mortality for patients suffering from NP. We compared the 
lethality of this septic complication of treatment for IAS with 
that of recurrent IAS (R-IAS). Finally, we examined a num- 
ber of known or suspected risk factors for mortality in LAS to 
attempt to determine why NP complicating this disease was 
associated with a high death rate. 


PATIENTS AND METHODS 
Patients 


Ali patients treated at The Wellesley Hospital, Toronto, Ontario, 
for IAS between August 1984 and February 1989, were included in 
this study. This group of patients includes those we described previ- 
ously.* The following groups of patients were excluded: (1) patients 
whose source of LAS was genitourinary or gynecologic; (2) patients 
with primary bacterial peritonitis (infected ascites) or patients in 
whom peritonitis developed from a peritoneal dialysis catheter; and 
(8) patients with local peritonitis, ie, inflammation without gross 
intraperitoneal exudate (eg, nonperforated acute cholecystitis, ap- 
pendicitis with only adherent exudate). 


Data Collection 


All data were collected prospectively by two research nurses on a 
standardized database form. Each patient was visited daily by the 
nurse for this purpose. All data were checked by one of the two 
surgeons involved in this study (J.M.A.B. or R.A.M.) and then 
entered into a computerized database (dBASE III plus or dBASE 
IV). We calculated APACHE (acute physiology and chronic health 
evaluation) H scores for each patient according to the method of 
Knaus et al? Each patients score was calculated from the most 
abnormal value for each variable in the 24 hours before treatment of 
the episode of IAS, 





Definitions 


Intra-abdominal sepsis was defined as the presence of gross pus or 
gastrointestinal (GI) content in the abdominal cavity, observed at 
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laparotomy er percutaneous drainage. Generalized peritonitis (GP) 
was defined as free pus or GI content throughout the peritoneal 
cavity, and abdominal abscess as pus localized in one or more 
collections. 

The clinical events surrounding the finding of pus or GI content in 
the abdominal cavity was called an “episode.” If such a finding re- 
curred after adequate treatment of a first episode has been achieved, 
a new episode was said to have oceurred. Hence, a patient may have 
had one or more episodes of IAS on a single admission to hospital. 
Patients who had two or more episodes were said to have R-IAS. 

Pneumonia was defined as infection of the pulmonary parenchyma 
(lung tissue with alveolar involvement). The criteria for the diagnosis 
of NP were based on National Nosocomial Infection Study criteria’: 
(1) the presence of a pathogenic organism isolated from an adequately 
collected purulent sputum specimen or from culture of blood, pleural 
fluid, lung, or bronchial washings in a patient with clinical evidence of 
pneumonia; and (2) clinical evidence consisting of purulent sputum 
production or increased purulent sputum production coupled with 
recrudescence of fever. One of the following also had to be present: (a) 
fever, change in cough, and pleuritic chest pain, or (b) infiltrate on 
chest roentgenogram reported as *pneumonia" or "consolidation" by 
a radiologist. 

Mortality was defined as death in hospital on the same admission as 
the episode of IAS. We ascribed all deaths to one of four causes: (1) 
inevitable death, occurring in patients with metastatie careinoma 
who, in our estimation, would have died of their underlying cancer in 
less than 1 year and for whom the episode of IAS was simply the “last 
straw"; (2) death due entirely to sepsis, being death due to multiple 
system organ failure (MSOF) or septic shock (defined below); (3) 
death in which sepsis was a contributing factor, occurring in patients 
with chronic underlying disease as defined by Knaus et al’ in whom 
the episode of IAS exacerbated the underlying disease (eg, chronic 
obstructive pulmonary disease) resulting in death; and (4) death due 
to causes not directly related to this septic episode, eg, fatal pulmo- 
nary embolus. 

Multiple system organ failure was defined as the failure of two or 
more organ systems as defined by Knaus et al,' with the addition of 
hepatic failure as defined by Darling et al." Patients were considered 
to have died of MSOF if this condition was present at the time of their 
death. 

Death due to septic shock was defined by (1) death occurring within 
7 days of the initiation of treatment of IAS; (2) mean arterial pressure 
being below 60 mm Hg (or >30 mm Hg below the patient's normal 
mean arterial pressure) for 2 hours or more, any time before death; (3) 
the patient receiving inotropic support immediately preceding death 
or active treatment being withdrawn; and (4) there being no other 
cause of deazh such as refractory hypoxemia. 

Several patative risk factors for mortality in IAS are analyzed in 
this study. Patients were considered to have a long-term steroid 
requirement if they received 5 mg or more of prednisone or equiva- 
lent daily for 7 or more days before treatment. A limited steroid 
requirement was defined as steroid treatment for less than 7 days 
within a 1-month period immediately preceding the septic episode. 
Patients whe required endotracheal intubation for 1 or more days 


Fig 1.— Age distribution of all patients (N = 300). 
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following treatment of their IAS were said to have had mechanical 
ventilatory therapy. The other risk factors examined were APACHE 
II score, GP vs abscess, and surgical vs pereutaneous treatment. 


Data Analysis 


Patients were stratified according to the presence or absence of 
pneumonia before or after treatment of IAS. The patients without 
pneumonia at presentation were further subdivided according to 
whether pneumonia or R-IAS developed following treatment for 
their IAS. Thus, five groups were analyzed: group 1, no pretreatment 
pneumonia, no NP, and no R-IAS; group 2, no pretreatment pneumo- 
nia, no NP, and R-IAS; group 3, no pretreatment pneumonia, NP, 
and no R-IAS; group 4, no pretreatment pneumonia, NP, and R-IAS; 
and group 5, pretreatment pneumonia. 

Mortalities between groups were compared with x analysis. Lo- 
gistic regression analysis as implemented by the SAS software pack- 
age’ was used to examine putative risk factors for mortality. The P 
values quoted for risk factors are those generated by the regression 
model (two sided). 


RESULTS 


Data were collected prospectively on 300 consecutive pa- 
tients treated for IAS at The Wellesley Hospital between 
August 1984 and February 1989. Series participants com- 
prised 163 men and 137 women. The age distribution of the 
patients is shown in Fig 1. These 300 patients had 398 epi- 
sodes of IAS. Two hundred thirty-six patients had one epi- 
sode, 45 patients had two episodes, and 19 patients had three 
or more episodes. One hundred twenty-five patients present- 
ed with intra-abdominal abscess, and 175 presented with GP. 
Eighty of the 125 patients presented with an abscess follow- 
ing an intra-abdominal operation. Fifty-two of the 175 pa- 
tients with GP presented following another operative proce- 
dure, almost all of which were intra-abdominal. The anatomic 
origin of the abdominal sepsis is given in Tabie 1. 

Patients suffering from intra-abdominal abscess had a 
mean APACHE II score at presentation of 12.6; the distribu- 
tion of scores for this group is shown in Fig 2. Thirty patients 
(24%) died. Patients presenting with GP had a mean 
APACHE II score of 14.2; the distribution of scores is illus- 
trated in Fig 3. Fifty-nine (34%) of these patients died. This 
mortality is not significantly different from the mortality of 
patients presenting with abscess (P =.07, x test). 

Seventy-three patients received steroid medications (14 
limited, 59 long-term). Table 2 demonstrates the presenting 
problem (GP vs abscess) and subsequent mortality in these 
patients. The mortality for patients receiving steroids was 
significantly higher than for those not requiring steroids 
(P<.001, x’ test). 

Patients presenting with intra-abdominal abscess were 
treated with percutaneous drainage in 71 cases (18 deaths) 
and with surgery in 54 (12 deaths). Patients presenting with 
GP were all treated surgically. Ninety-seven patients re- 
quired 1 or more days of mechanical ventilatory therapy 


Table 1.—Anatomic Origin of Intra-abdominal Sepsis* 


Generalized 
Abscess Peritonitis 


(—M—MMnt —— o a a 


S o. Mortality, % No. Mortality, % 


ite N 
Stomach and duodenum 16 38 62 47 


Small 25 32 35 
Large 33 24 39 
Other 51 24 27 


*Twenty-one patients had more than one site of origin. 
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Fig 2. — Distribution of APACHE (acute physiology and chronic health 
evaluation) Il scores for 125 patients presenting with intra-abdominal 
abscess. 
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Fig 3.— Distribution of APACHE (acute physiology and chronic health 
evaluation) I| scores for 175 patients presenting with generalized 
peritonitis. 
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following the initial treatment of their IAS, six following 
percutaneous treatment and 91 following surgical treatment. 
Patients requiring ventilatory assistance had a significantly 
higher mortality (P<.001, x^ test). 

Thirty-four of the 300 patients were found to have pneumo- 
nia at the time of presentation, and 15 patients (44%) subse- 
quently died. Of the remaining 266 patients, postoperative 
pneumonia did not develop in 207; of those, 40 patients (19%) 
died. In 59 patients (22%), postoperative pneumonia did de- 
velop, and 34 patients (58%) died. Figure 4 illustrates the 
mortality vs APACHE II score in these two sets of patients. 
The mean ( x SE) APACHE II score of the patients in whom 
NP did not develop was 12.4 —- 7.8 and the mean score for the 
59 patients in whom it did develop was 15.5+6.3 (P<.05, 
Mann-Whitney U test). Table 3 breaks down the mortalities 
of these two groups into subgroups of patients in whom R-IAS 
did or did not develop. The R-IAS in group 2 was treated 
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Table 2.—Presenting Problem vs Steroid Dependency* 















Steroid Use 


Lang-term 
No. 


Mortality, % 


Abscess Generalized Peritonitis 












Mortality, % 


Mortal ity, % 





*Paiients requiring steroid medication for 7 or more days before treatment 
for intra-abdominal sepsis were labeled as having a long-term steroid require- 
ment; reatment with steroid medication for less than 7 days was considered a 
limited steroid requirement. 


10€ 





No Pneumonia 


Pneumonia 


8C 



















NN 


6c 


VANI 


Mortality, % 


MCEPEZSO&EESGUOU ASS 
ALARA 
Sins un 


PERRET STAS 





AAAS 








11-15 16-20 21-25 26-30 >30 


APACHE II Score 


Fig 4.— Mortality vs APACHE (acute physiology and chronic health 
evaluation) Il score for 266 patients without pneumonia at presenta- 
tion. 
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surgrally in 13 patients (two deaths) and percutaneously in 23 
patieats (four deaths). Patients in whom postoperative pneu- 
monia, but not R-IAS, developed had a mortality of 5396, 
wherzas patients who suffered R-IAS but not postoperative 
pneumonia had a mortality of only 1796 (P = .001, x? test). 

To attempt to determine why the mortalities in these two 
groups were so different, we examined a number of risk 
factors for death following IAS. Factors examined were 
APACHE II score (at initial presentation with IAS), the need 
for mechanical ventilatory therapy, steroid requirement (lim- 
ited ar long-term), GP vs abscess, and surgical vs percutane- 
ous treatment. Table 4 demonstrates the incidence of NP and 
mortalities in patients with the risk factors outlined above. 
We used logistic regression analysis to determine whether 
these factors could account for the significantly higher mor- 
tality associated with NP. These risk factors could not explain 
the d-fference between groups 2 and 3 (survival vs nonsurvi- 
val; F =.001). When the risk factors were examined individ- 
ually, only APACHE II score was a significant predictor of 
death (P=.005), although surgical vs percutaneous treat- 
mentand the need for mechanical ventilatory assistance were 
nearly significant (P= .07, P= .12, respectively). 

Firally, we examined the cause of death for all nonsurvi- 
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ER ble 3. .— Morti i for Patients With vs 
Without NP and R-IAS* 


Mortality, No. (%) 


6 (17)T 


| 25 (53)f 


*NP indicates nosocomial pneumonia; RAS, recurrent intra-abdominal 


TP<.001, x? test. 


Table. incidence of Posttreatment Pneumonia vs 
Risk Factors 


Posttreatment 


No Pneurnonia Pneumonia 
raa iari ie 


No. à % — No. Bang 


No ventilation | 


ee : — peritonitis — 127 


-vors (Table.5).. We attempted to determine whether death 

was due to the underlying disease, due to sepsis (septic shock, 
MSOF, or sepsis-induced decompensation of a chronically 
diseased organ), or due to a miscellaneous cause not related 
directly to sepsis. Thirty-four of 59 patients with postopera- 
tive pneumonia died, and 24 (71%) of these died a septic death. 
Forty patients of the 207 who did not suffer from postopera- 
tive pneumonia died, 24 (60%) of septic complications. 


COMMENT 


& Nosocomial. _pheumonia, a eoaid complication of 
Ws hospital care, is usually caused by the microaspiration of 
koc ram-negative bacilli colonizing the oropharynx of some hos- 
ed patients, often in a setting of decreased host de- 
isk factors for ‘this major illness have been reported 


1112 












reneral, " for postoperative patients, "^ and for 
CU receiving ventilatory assistance.’ Factors 
stieally significantly associated with the de- 
NP include chronic lung disease, intubation, 
ume aspiration, thoracoabdominal surgery, age 
| m than 70 years, low serum albumin value on admission 
to the hospital, protein depletion, treatment with histamine 

| intagonists, hospitalization during the fall and win- 

ter, and immunosuppression. 

The ineidence of NP has been reported as 17.566 in patients 
undergoing. elective abdominal or thoracic procedures,” 21% 
in patients: is an ICU receiving ventilatory assistance," and 

.—.. 29% in patients undergoing laparotomy for intra-abdominal 
: sbscgas, * Our observed incidence of 22% is, therefore, not 
ssive. Several of the risk factors outlined above were 
wany of our patients. Furthermore, Richardson 
gues?” have suggested that IAS, per se, may in- 
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Table 5.— Causes of Death vs NP and R-IAS* 


Group 


1, 
Other- 2, , 
wise MSOF Contrib Miscel- 
Group Fatal Shock uting laneous 


Prior 
pneumonia d 
Total (%) 22 (25) 36 (40 24 (27) 7 (8 89 (100) | 
*NP indicates nosocomial pneumonia: R-IAS, recurrent intra-abdominal 


sepsis; and MSOF, multiple system organ failure. Groups 2 and 3 combined, 
patients in whom sepsis caused or contributed to death, is 60 (67%). A 


crease the likelihood of pneumonia developing by decreasing . 
lung defense mechanisms. This is quite in keeping with the _ 
generally recognized phenomena of immunosuppression that 
occurs as a consequence of sepsis. " d 
The mortality associated with NP has been reported ta be 
37% overall in a large teaching hospital," 55% in patients ir an 
ICU receiving ventilatory assistance,’ and 66% in patients 


undergoing surgery for intra-abdominal abscess. Our mor- . 


tality of 58% for patients suffering pneumoniafollowingtreat- 
ment for IAS is, therefore, not unexpected. What is unex- 
pected is the low mortality associated with the other major . 
septic complication of treatment for IAS, namely, R-IAS. 
Thirty-six of our patients did not have pneumonia either 


before or after treatment but did suffer R-IAS requirng v. 


either reoperation or percutaneous abscess drainage. These 
patients had only a 17% mortality, virtually the same as for. 
the 171 patients who had neither R-IAS nor NP (20% _ 
mortality). | 

There is no obvious reason why these two major septic — 
complications should be associated with significant differ- 
ences in mortality. We have attempted to determine whether 
the patients with NP were “sicker” in the sense that their IAS 
was more likely to be fatal at the time of initial presentation. = 
In other words, we have sought to determine whether the . 
development of NP is simply a marker for more severe sepsis. | 
The mean APACHE II score at presentation for patients in 
whom NP later developed was significantly higher than the 
score for patients without NP (15.5 vs 12.4). However, this — 
factor alone was insufficient to explain the difference in mor- — 
talities. We therefore examined a number of other risk factors | 
for mortality. Previously reported risk factors for death in - 
patients with IAS include APACHE II seore,' steroid re- — 
quirement, and malnutrition." While there are undoubtedly i 
other risk factors, these are the only ones that have been . 
demonstrated by multivariate analysis of prospectively gath- 
ered clinical data to be statistieally significant. 

We did not have data on the nutritional status of our pa- 
tients and therefore examined only APACHE II scores and - 
steroid requirement. We postulated that the need for me- . 
chanical ventilatory therapy, GP vs abscess, and surgicalas . 
opposed to percutaneous treatment might alsovbe risk factors © 
for mortality in our patients. The control group used to ecm- 
pare outcomes of patients with posttreatment pneumonia . 
were patients in whom another major septie complication : 
(R-IAS) developed. When we analyzed all these factors inthe © 
83 patients in groups 2 and 3 using a linear logistic model, we 
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"found that the: postulated! pisl 






. difference in mortalities. We concluded that posttreatment 
. NPisan independent risk factor for mortality in patients with 
à I AS. P 

We believe that the risk factors examined represent the 

relevant quantifiable risk factors knowmor suspected at pre- 

. sent. The APACHE II score increases with age, severity of 

illness at presentation, and the presence of chronic organ 

. dysfunction. An increased score correlates with higher 
mortality. 

We examined the cause of death in our nonsurviving pa- 
tients to determine if there were appreciable differences from 
previously reported series. Dellinger et al^ reported on 187 
patients with LAS, of whem 44 died. Thirty-five (80%) of these 
patients died “with infection present,” primarily (27 of 35) at 


the original site of infection. Fry et al” reported on 143 


^... patients undergoing surgery for intra-abdominal abscess, 46 
of whom died. The cause of death “in most patients” was 
"sepsis and MSOF.” Bohnen et al” reported on 176 patients 
treated for GP, 67 of whom died. Fifty (75%) of the deaths 

were attributed to TAS and 17 to other eauses. 

We have classified the causes of death in our patients 
slightly differently (Table 5), Set 1 consists of patients who 
were likely to have died under any cireumstances because of 
widespread metastatic cancer. In set 4 are the few patients 
who died of miscelianeous causes not directly related to sep- 
sis. The remaining patients died of "pure" sepsis (septic shock 
or MSOF; set 2) or sepsis-induced decompensation of chronic 
disease (set 3). We chose this classification because we believe 
that it is only this last set (sets 2 and 3 combined) of sepsis- 
induced fatalities that would likely be prevented by advances 
in cur treatment methods. Overall, 67% (60/89) of our patients 
died with such potentially reversible sepsis, 2596 (22/89) were 
likely fated to die with any conceivable treatment, and 8% 
(7/89) died of miscellaneous nonseptic causes. It is difficult to 
compare the causes of death in groups Zand 4 because of the 
small numbers in group 2. However, in group 3, 64% (16/25) of 
the patients died cf potentially treatable sepsis. This repre- 
serts one third cf all the septic deaths in patients with IAS 
who did not have pneumonia at presentation. Of all patients 
who died of pure sepsis, only two died of septic shock. By far, 
MSOF was the most common cause of death. 

Thus, our patients are again similar to previously reported 
series in which most patients died a septie death. The only 
question is: Where was the sepsis at the time of death? We 
suggest that in a significant fraction of patients, the septic 
focus causing death (via MSOF) is in the lungs rather than in 
the abdomen. 

en Two methodologic problems must be considered before 
|." accepting this conclusion. First, our definition of NP is open to 
..question. We have adopted rather simple clinical criteria, 
which are known to be inaccurate, particularly in patients in 
-an ICU receiving ventilatory therapy. ^" However, our error 
| ratei is likely less than 30%, the misdiagnosis rate in the most 
difficult-to-diagnose patients with acute diffuse lung injury 
. (based on postmortem histologic study). ? In the future, we 
expect our diagnostic aceuracy to inerease substantially with 
_ the routine use of bronchoscopically obtained protected brush 
or quantitative culture methods.” 
. Second, we cannot be sure that patients with NP but with- 
out R-IAS who died actually had sterile abdominal cavities. 
Few postmortem exarninations were carried out in our series. 
All we can say is that there was no clinical or radiologic 
. evidence of LAS in this group of patients. 
_ Assuming that the caveats outlined above are not signifi- 
cant, why do patients with NP die septic deaths so frequent- 
ly? One reason may be that these patients truly are sicker 
than patients in whom NP does not develop. There may be 
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Fig 5.—Hypothesized pathophysiologic course of multiple system 
organ failure (MSOF) in patients presenting with intra-abdominal 
sepsis. 


other risk factors that we do not consider, such as the status of 
the patient's immune system at the time of presentation. ^^ 
Second, antibiotic treatment of the original episode of IAS 
may result in colonization of the respiratory tract with flora 
tha: are resistant to many antimicrobial agents; hence, ren- 
dering treatment of subsequent NP more difficult. We be- 
lieve that a more probable explanation is that postoperative 
bacterial pneumonia is more difficult to diagnose and treat 
than R-IAS. Intra-abdominal abscess is easily diagnosed with 
a cemputed tomographic scan and treated immediately. No- 
socomial pneumonia, however, may be difficult to diagnose 
anc is notoriously resistant to therapy.' Gram-negative bacil- 
lary pneumonia is often a necrotizing infection rendering local 
lung defenses less effective and making antibiotic penetration 
difficult. The antibioties required to treat the infection are 
often toxie and are needed for prolonged periods at high 
dosages. We believe that these problems make it more likely 
that postoperative pneumonia, rather than recurrent or re- 
sidual IAS, results in prolonged stimulation of the reticuloen- 
dothelial system, leading to eventual MSOF and death. In- 
deed, Fry et al," in one of the early studies of sepsis-induced 
MSOF, found that pleural-pulmonary sites of postoperative 
sepsis were present in almost half of the patients who subse- 
quently died of MSOF. 

We believe that our experience is consistent with the hy- 
pothesis that MSOF results from prolonged macrophage 
stimulation (Fig 5).” We emphasize the importance of pulmo- 
nary infection as a source of mononuclear phagocytic stimula- 
tion along with infection in the peritoneal cavity and bacterial 
translocation from the GI tract.” 

Statistical analysis was carried out by Rollin Brant, PhD, of the Clinical 
Research Support Unit, University of Toronto (Ontario). 
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2 | evels in Septic Rats 


Farid F. Muah 


e increased mortality from sepsis is associated with high lev- 
.. els of thromboxane B, (TXB,) and 6-keto-prostaglandin F,, 
(5 (PGF,,). Linoleic acid, an n-6 essential fatty acid, is the usual 
"precursor of TXB, and PGF., while fish oil is rich In n-3 essential 
| fatty acid, the precursor of less active moieties. Rats were fed 
- chow, an essential fatty acid-deficient diet, or an essential fatty 
acid-deficient diet supplemented with tinoleic acid or fish oil for 2 
weeks. The animals then underwent a sham operation or cecal 
ligation and puncture to induce sepsis. Six hours later, blood was 
obtained for analysis. The chow and linoleic acid diets produced 
significant (twofold to fivefold) increases in levels of both TXB, 
and PGF,, after sepsis. The essential fatty acid-deficient diet and 
fish oil diet protected against increases in levels of TXB, or PGF,, 
during sepsis. Dietary restriction of linoleic acid or fish oil sup- 
plementation may play an important role in altering the inflamma- 
tory mediater response to sepsis. 
(Arch Surg. 1991;126:179-182) 











Te are two series of essential fatty acids (EFAs): the 

(o. n-6 po yunsaturated fatty acids (PUFAs) derived from 

= linoleic acic (LA) and the n-3 PUFAs derived from a-linolenie 

... acid. The n-6 series gives rise to arachidonic acid, the precur- 

sor of thro nboxane A, (TXA,) and prostacyclin (PGI,). The 

<- nS series gives rise to eicosapentaenoic acid, the precursor of 

thromboxane A, and prostacyclin L, as illustrated in Fig 1. 

Thromboxene A, and PGL, derived from arachidonie acid, 

have been cetected at increased concentrations in experimen- 

tal and human sepsis. '* These eicosanoids have been shown to 

play an important role as mediators of inflammation in isch- 

emia and shock.’ For example, TXA, is a potent vasoconstric- 

tor and platelet aggregator, while PGI, is a potent vasodilator 

and platelet antiaggregator." Fish oil contains high levels of 

the n-3 seres of EFAs, especially eicosapentaenoic acid, the 

precursor of the n-3 series of eicosanoids.'^ Thromboxane A, 

4 . is not proeggregatory and is a weak vasoconstrictor com- 

™*" pared with TXA, while prostaglandin I, is as potent as PGI, 
and has the same physiologic properties.” 

- — Essential fatty acid deficiency has been shown to decrease 

"TXA prod ietion and enhance survival in septic rats.’ Enteral 

dietary supplementation with fish oil was dem- 









sok improve survival in experimental sepsis. "" The 
parent id enteral nutritional formulas given to critically 
-ill and e surgical patients are rich in the n-6 series 

PUFAs and almost devoid of the n-3 series PUFAs. This high 


ratio of n-6to n-3 PUFAs may adversely affect the inflamma- 
' poise to sepsis and ultimately patient outcome. Di- 

etary restriction of the n-6 series and supplementation with 
the n-3 seres may be beneficial to the critically ill anc septic 
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surgical patient. 

We investigated the effect of short-term dietary manipula- 
tion of EFAs on the production of TXA, and PGI, ina septic 
rat model. 


MATERIALS AND METHODS 


Adult male Sprague-Dawley rats (mean weight, 350 g) were ran- 
domly divided into four different dietary groups. One group was feda 


standard rat chow diet. The remaining animals were fed a nutritive 


complete EFA-deficient diet (Bioserv, Frenchtown, N.D supple- 
mented by gastric gavage with 1 mL/d of 99% LA (n-6) (Sigma 
Chemical Co, St Louis, Mo) or 1 mL/d of fish oil (n-3) or no supplemen- 





Chemien ne sh oil diet contained 34% n-3 PUFAs and 459 n-6 


PUFAs. All rats were allowed water ad libitum. Two weeks later, 
while under methoxyflurane anesthesia, rats randomly underwent 
either a sham laparotomy or had sepsis induced by cecal ligation and 


puncture twice with a 19-gauge needle.” All rats were resuscitated . 


with a subcutaneous injection of 20 mL of normal saline solut:on to 
prevent dehydration. After 6 hours, the rats were reanesthetized, 


and blood samples were obtained by aortic cannulation for analysis. .— " 


This study was approved by the Institutional Animal Care and Use of 





the University of North Carolina at Chapel Hill. UR 
Plasma level determinations of thromboxane B, (TXB, and 


6-keto-prostaglandin F,, (6-keto-PGF,,,) were made with the ase a 


commercially available radioimmunoassay kits (New England Nuele-. 


ar, Boston, Mass). Levels of TXB, and 6-keto-PGF,, reflect. the stable 


metabolite levels of TXA, and PGL, respectively. 


All data are reported as the mean + SEM. Statistical analysis was 


performed with the use of two-way analysis of variance. When the 


analysis of variance indicated a significant main or interaction effect, — 
the Tukey’s Studentized Range Test was used for post hoe tests of... 


significance between surgical groups that received the same diet 


(sham group vs sepsis group) and dietary groups that underwent the . T. 
same procedure. P<.05 denoted statistical significance. The SAS 
Systern for Personal Computers statistical software package (SAS —— 


Institute Inc, Cary, NC) was used. 
RESULTS 


No significant difference was noted in the weight of the rats 
in the different dietary groups before or at the conclusion of 
the feeding period. All septic animals manifested signs and 








symptoms of sepsis with piloerection, lethargy, hemorrhagic : 


peritoneum, and ischemic cecum. | 
The mean levels of TXB, and 6-keto-PGF,, for the four 
dietary groups after either a sham operation or cecal ligation 


and puncture are summarized in the Table. Compared with. 


the rats in the sham operation group, rats fed regular chow or 
an EFA-deficient diet supplemented with linoleic acid: (n-6) 
had significantly higher serum levels of TXB, and 6-keto- 


PGF,, following sepsis (Figs 2 and 3). Rats fed an EFA- 


deficient diet with no supplementation or an EFA-deficient 


diet supplemented with fish oil (n-3) were protected from such: 
increases in serum levels of TXB, and 6-keto-PGF,, after 


sepsis (Figs 2 and 3). 
COMMENT 





Both standard chow and LA diets produced significant ; 3 
(twofold to fivefold) increases in both TXB, and PGF, levels . uu 


Dietary Fish Oil in Rats —Muakkassa et al 1 79 : | T 





- < y.p -= - — 7 - > " rnp 4 
P. TOWER CUT > T: ; 


after sepsis. The fish oil and EFA-deficient diets, however, 
protected rats against significant increases in either TXB, or 
PGF, level during sepsis. The physiologic role of different 
proportions and types of EFAs in the diets of critically ill 
surgical patients is largely unknown. Recently, interest in 
nutrition has been shifting away from the quantity of EFAs 
toward the quality and type. The addition of LA to fat emul- 
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" Fig 1.—Pathway of formation of thromboxanes and prostacyclins of 
E the "2" and "3" series of prostaglandins from their dietary precursors of 
f polyunsaturated fatty acids (PUFAs). PGG, indicates prostaglandin 
: G,; PGH,, prostaglandin H,; PGI., prostacyclin; TXA,, thromboxane 
" A,; PGG,, prostaglandin G,; PGH,, prostaglandin H,; PGI,, prosta- 
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sions was done to preyent EFA deficiency in patients receiv- 
ing long-term total parenteral nutrition. This is justified be- 
cause the development of EFA deficiency of either the n-6 or 
n-3 types, although rare, is well documented in humans. The 
minimum daily requirements of the n-6 and n-3 series of EFAs 
were found to be approximately 3% and 0.5%, respectively, of 
total daily energy intake.” However, the average American 
or Western diet is very rich in the n-6 series of EFAs and 
almost devoid of the n-3 series. These diets contain about 7% 
to 10% of the total energy intake as n-6 EFAs, much more 
than is needed to prevent EFA deficiency. A similar pattern 
is seen with parenteral and enteral formulas used to provide 
the nutritional needs of hospitalized patients. 

Concern has been raised about the effects of an imbalance in 
PUFA composition with an excess in the n-6 series of EFAs in 
these diets on the inflammatory response and immune sys- 
tem." When homeostasis is disrupted, such as in shock or 
sepsis, excessive amounts of eicosanoids and other inflamma- 
tory mediators are released from membrane phospholipids. A 
relationship between the dietary intake of LA, an n-6 EFA, 
and tissue levels of arachidonic acid, the precursor of TXA, 
and PGI, has been demonstrated." This dependency of arachi- 
donic acid tissue levels, and hence TXA, and PGI, production, 
on dietary intake of LA is well demonstrated in our study. 
When rats were deprived of EFAs (EFA-deficient diet with 
no supplementation) the levels of TXB, and 6-keto-PGF,, did 
not increase significantly after sepsis. However, in rats in 
which the EFA-deficient diet was supplemented with LA 
(n-6), levels of TXB, and 6-keto-PGF,, were significantly 
increased. 

The reduction of EFAs in cell membrane pools has been the 
rationale for dietary manipulation to alter eicosanoid biosyn- 
thesis. The difference between our study and other models of 
EFA deficiency in rats lies in the relatively short duration of 


Plasma Levels of Thromboxane B, (TXB,) and 6-Keto-prostaglandin F., (PGF,.) in Control and Septic Rats Fed Different Diets* 


EFADD 
Sepsis Sepsis 
(n 10) (n - 10) 


733 + 164 434+72 
722 +194 279+83 


216-31 
366 + 193 


146-8 
200+ 45 


tP<.05, chow and n-6 sepsis groups vs sham group by analysis of variance and Tukey's Studentized Range Test. 


[ Fig 2.—Thromboxane B, (TXB,) plasma levels for rats in the sham 
| (shaded bars) and septic (black bars) groups in the four different 
dietary groups (those receiving rat chow, those receiving an essential 
fatty acid [EFA]- deficient diet supplemented with either linoleic acid 
[n-6] or fish oil [n-3] EFAs, or those receiving an EFA-deficient diet with 
: no supplemertation EFADD]). Groups labeled with similar letters (a 
f and b) did not differ significantly; a vs b resulted in P<.05. 
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Fig 3.—6-keto-prostaglandin F,, (6-keto-PGF,.) plasma levels for rats 
in the sham (shaded bars) and septic (black bars) groups in the four 
different dietary groups (see Fig 1 legend for explanation of dietary 
groups). Groups labeled with similar letters (a and b) did not differ 
significantly; a vs b resulted in P—.05. 
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ietary manipulation required to significantly inhibit the in- 
T , associated with sepsis. In the EFA 

od Cook and associates," breed- 

le and female rats were placed on a fat-free diet for 3 
nd “he females were then placed in separate cages and 
/5c receive a fat-free diet until their litters were 













“weaned 21 days later; finally, the weanling rats were placed 
ona fat-free diet and later used in their experiments. Cook 


and associates showed that these truly EFA-deficient rats 
had lower levels of TXB, and better survival from an endotox- 
in challenge." Our study showed that there is no need to 
render the rats totally EFA deficient nor to deprive them of 
other fats to achieve blunting of the TXA, and PGI, levels 
after sepsis. Simple manipulation of the EFA portion of their 
- diet for a relatively short time (2 weeks) produced similar 
results. Tr 








v0 Tes [ris model is comparable with hospitalized patients 
_ who are maintained on artificial nutrition and then suffer a 





.. septic chal enge. If lower levels of TXA, and PGI, are benefi- 

» cial in sepsis and shock, it may not be advantageous to feed 
.. these patients fat emulsions rich in n-6 PUFA. 

This study also illustrates how dietary manipulation can 

have a probund effect on eicosanoid metabolism and suggests 

that the det of experimental animals should be considered 

more carefully when comparisons and extrapolations to hu- 

man sepsia are made. The regular chow diet fed to most 

experimental rats is high in n-6 EFAs, and the levels probably 

vary from one batch to another. In this experiment, we did 

not measu*e the actual fat content of the regular chow diets, 

nor did we control for the percentage of n-6 or n-3 PUFAs in 

the total energy intake of the rats. However, that both TX A, 

and PGI, levels were elevated in the groups that received 

—. regular chow and n-6 EFAs after sepsis, but not in the EFA- 

~= deficient group that received no supplementation or the 

-group that received supplementation with n-3 EFAs, implies 

that LA was the primary contributing factor to this elevation. 

Based on these findings, caution should be exercised when 


. interpreting the results of studies involving rats receiving 
regular crow diets and evaluating inflammatory mediators 
‘related to sicosanoid biosynthesis. The findings in such stud- 

ies could ba due to an overabundance of LA in the diets. Other 
investigaters have demonstrated findings similar to ours but 
in a nonseptic model. Supplementation with safflower oil, 
linseed oil, cod liver oil, and hydrogenated oil at different 
concentrations has been shown to alter tissue fatty acid 
compositicn and eicosanoid production in rats fed a regular 
chow diet.” Although comparative studies have shown simi- 

.. lar uptake of n-3 and n-6 PUFAs in both rats and humans,” 

_. other species differences in eicosanoid production have been 

- . demonstrated." Thus, extrapolating the results of different 

ecies to humans fed different PUFA diets may not 

le. 























supplementation of n-3 PUFAs proteeted 
ases in TXA, and PGI, levels after sepsis. This 
due in part to limiting the intake of n-6 PUFAs 
1e fish oil supplement used contained 4.5% n-6 
ume and, assuming the weight of 1 mL of fish oil 
ecifie gravity, 0.98), these 350-g rats received 








TXB, and 3- 






by other investigators who have shown that diets 
FAs decrease production of n-6 derivatives." 
ies of PUFAs inhibits the formation of arachidonic 
eral mechanisms, as shown in Fig 4. They compete 
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Fig 4.— Sites at which eicosapentaenoic acid (concentrated in fish oil) 
inhibits the metabolism of linoleic acid to form thromboxane B, and . 
prostacyclin (PGI,). Because the same enzymes actonbotbn-6andn- 
3 polyunsaturated fatty acids, thé presence of eicosapentaenoic acid 
in the diet exerts a negative feedback on the rate-limiting anzyme â- : 
desaturase and competes with arachidonic acid for cyclooxygenase . 
(thus competitively inhibiting it). This results in a decreasein beth the ~~ 
generation of arachidonic acid and the formation of its metabolites. 
TXA, indicates thromboxane A,. 


for the A-desaturase enzyme that controls the rate-limiting 
step in the formation of arachidonic acid from LA. Further- 
more, the eicosapentaenoic acid in fish oil decreases produc- . 
tion cf the “2” series of prostaglandins that leads to TXA, and 
PGI, by competitively inhibiting cyclooxygenase. 

Sepsis remains a major cause of morbidity and mortaity in ` 
the surgical patient. The search for means to improve survival 
in sepsis and septic shock has led several investigators tc alter 
the production of eicosanoids by inhibiting certain key en- . 
zymes. À review of the topic has shown that several studies 
that have employed drugs to block key enzymes, such as 
cyclooxygenase and thromboxane synthase, in an atternpt to 
modulate the inflammatory response to sepsis, have had 
mixed results. ^ Such an approach may be complicated by. 
selective inhibition of certain beneficial mediators, while oth- 
er adverse mediators are still produced in excessive ameunts. - 
An alternate approach would be to change the substrate . 
precursors in cell membranes before or even after a septic 
episode to alter the type of inflammatory mediators to a more- 
favorable group. This strategy allows modulation of the prox- - 
imal mediators of inflammation rather than the distal active. 
metabolites. Our study proves that this approach is feasible 
through relatively short-term dietary manipulation with re- 
duction of the n-6 PUFAs and their substitution with tne n-3 
PUFAs, resulting in a decrease in the "2" series ef eieosan- 
oids, while increasing the beneficial “3” series. The funda- 
mental question that remains, however, is whether achieving 
such theoretically desirable protection against sepsis-induced 
surges in the "2" series of eicosanoids indeed translates into. 
improved survival. With use of the same sepsis model and. 
dietary manipulations, survival studies are currently under 
way in our laboratory to address this key question. 

The n-8 PUFAs have other beneficial effects on the lipooxy- 
genase pathway not addressed in this study. Eicosapentaen- 
oic acid, an n-3 PUFA found in large amounts in marine lipids, 
can inhibit the production of leukotriene B, by up to 68% and 
result in production of leukotriene B; instead. Leukotriane B, 
is a very potent chemotactic agent; however, leukotriene B, 
has only 10% of the potency of leukotriene B,” The recent 
recognition of the key role that certain types of PUP As play in 
the inflammatory response to sepsis may provide a means to 
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lly ill septic patient. Our study 


improve survival in the critic 

emphasizes the importance of dietary composition on eicosan- 
oid production and underscores the efficacy of dietary ma- 
 nipulation asa moculator of eicosanoid production in sepsis. It 
should be the prelude to further clinical studies that examine 
the optimal ratios of n-6 to n-3 PUFAs needed to bring about 
_ the desired alterations in inflammatory mediators in sepsis. 
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Whether such alterations are reflected in improved survival 


remains to be established. - 


The fish oil supplement (MaxEPA) was a gift from RP Scherer Corp, Clear- 
water, Fla. 

We would like to thank Valerie Thornton and Karen Zimmerman for their 
assistance in this study and George Johnson, Jr, MD, for his guidance and 
support. 
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Discussion 


PER-OLOF E ASSELGREN, MD, Cincinnati, Ohio: Is it possible that 
the intestinal flora were altered by the different diets given before 
cecal ligation and puncture was performed? This may be important 
because metabolie alterations may be different for different types of 
bacteria. Was the absorption of other nutrients in the diet influenced 
by the fatty acids? Is information available regarding the source of 
the eireulating TX A, and PGI, during sepsis? Was prostaglandin E, 
production mezsured* 

MICHAEL PECK, MD, Cincinnati, Ohio: Were increased fatty acid 
stores or changes in serum fatty acid profiles documented in these 
> experiments? Were circulating levels of vitamin E measured? Why 

. was a pure EFA-deficient diet rather than a o-3 diet with a small 
amount of LA chosen? Finally, no overwhelming evidence has been 
presented that w-3 dietary supplementation can improve outcome 
following burn injury. Have survival rates been studied in these 
experiments? 

. Cora K. OGLE, PhD, Cineinnati, Ohio: How was the blood collect- 
ed? More specifically, was the blood kept cold immediately after 
collection to prevent production of thromboxane from platelets? The 
‘composition of regular rat chow can vary substantially in its fat 
content, 
J. Davis, MD, New York, NY: Was platelet and neutrephil fune- 
on studied in his series? 
. DR MUAKKASSA: The intestinal flora were not studied. The source 
of TX A, is platalets. However, the exact sources were not examined 
in the present study. Prostaglandin E, is usually produced by maero- 
phages; its produetion was not measured, although it may be impor- 
tant as an inflammatory mediator. No changes in the fatty acid stores 
were doeumen:ed in these experiments, but this has been done in 
other studies. Also, vitamin E was not measured. We did not add any 
o-6 fatty acids to the fish oi! because it contained 4.5 mg of LA and 
_ thus was not a pure o-3 fatty acid diet. The main reason mortality 
rates were not measured was that survival studies were not approved 
by the Animal Care and Use Committee. It is true that rat chow ean 
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vary substantially in fatty acid composition, which is why we pointed 
out in our report that results from studies in which thromboxane and 
PGI, production are studied and in which rat chow is used should be 
interpreted carefully. 


Clinical Relevance Statement 


During the last decade, inereasing attention has been focused on 
the immunomodulatory effects of normal dietary components. The 
basic concept behind these studies is that the immune system re- 
quires specific nutrients in appropriate quantities for optimal func- 
tion. In this regard, the immune system is similar to other organ 
systems whose functions can be affected by the composition of the 
diet. Furthermore, abnormalities in function are not limited to defi- 
ciency states, but just as overfeeding with glucose can result in the 
development of a fatty liver, so can overfeeding with certain EFAs 
alter immune function. The current study extends our knowledge of 
the potential immunomodulatory effects of commonly administered 
dietary lipids. Therapeutic options directed toward the prevention of 
an exaggerated inflammatory response by the hosts cells, as de- 
scribed in this report, may be of major clinical importance, as many of 
the adverse effects observed during sepsis appear to be related more 
to the overproduction of inflammatory mediators and cytokines than 
to the direct effects of the invading bacteria. Although excess admin- 
istration of dietary lipids of the n-6 series have been clearly shown to 
lead to zn overproduction of biologically active arachidonic acid meta- 
bolities, such as prostaglandin E,, leukotriene B,, TXA,, and PGI, it 
is important to realize that at the proper levels these potentially 
deleterious mediators are beneficial. Studies, such as those by Muak- 
kassa and colleagues, will help to sort out the optimal nutrient mix 
required to support both the nutritional and immunologic needs of the 
severely stressed or infected surgical patient. 


EDWIN A. DEITCH, MD 
Shreveport, La 
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Cefizox: 


e brand of sterile 


ceftizoxime sodium 


sterile ceftizoxime sodium and 
ceftizoxime sodium injection 


See complete prescribing information in FPC literature or PDR. The 
following is a bret summary 


CONTRAINDICATIONS 
Cefizox (sterile caftizoxime sodium FPC) is contraindicated in patients 
who have known allergy to the drug 


WARNINGS 

BEFORE THERAPY WITH 'CEFIZOX' IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD 
PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, 
PENICILLINS, OF OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN 
CAUTIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS 
SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO 
HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY 
TO DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY 
REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES 


Pseudomembraraus colitis has been reported with the use ol cephalo 

sporins (and other broad-sprectrum antibiotics), therefore, it is important 
to consider its diagnosis in patients who developed diarrhea in association 
with antibiotic use. Treatment with broad-spectrum antibiotics alters normal 
flora of the colon and may permit overgrowth of Clostridia. Studies ir 

dicate a toxin praduced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipol resins have 
been shown to bind the toxin in vitro. Mild cases of colitis may respond 
to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte and protein supplementation as indicated 
When the colitis isnot relieved by drug discontinuance or when it is severe, 
oral vancomycin is the treatment of choice for antibiotic-associated pseudo- 
membranous colitis produced by C. difficile. Other causes of colitis should 
also be considered 


PRECAUTIONS 

General: As with all broad-spectrum antibiotics, "Cefizox' should be 
prescribed with caution in individuals with a history of gastrointestinal 
disease, particularly colitis. 

Although 'Cefizoz' has not been shown to produce an alteration in renal 
function, renal status should be evaluated, especially ir seriously ill patients 
receiving maximum dose therapy. As with any antibiotic, prolonged use 
may result in overgrowth of nonsusceptible organisms Careful observation 
is essential: appropriate measures should be taken if superinfection occurs 
Drug Interactions: Although the occurrence has not been reported with 
‘Cefizox’ nephrotoxicity has been reported following concomitant admini- 
stration of other cephalosporins and aminoglycosides 

Pregnancy: (Category B.) Reproduction studies heve been performed 
in rats and rabbits and have revealed no evidence of impaired fertility 
or harm to the ftus due to 'Cefizox: There are, however, no adequate 
and well-contrdiled studies in pregnant womer. Because animal 
reproduction studies are not always predictive of human response, this 
drug should be-used during pregnancy only if clearly needed 

Labor and Delivery: Safety of ‘Cefizox’ use during labor and delivery 
has not been established 

Nursing Mothers: 'Cefizox' is excreted in human milk in low concentra: 
tions. Caution should be exercised when 'Cefizox' is administered to à 
nursing woman 

Infants and Children: Safety and efficacy in infants from birth to six 
months of age have not been established. In children six months of age 
and older, treatment with ‘Cefizox’ has been associated with transie nt 
elevated levels c* eosinophils, SGOT, SGPT and CPK (creatine phospho: 
kinase). The CPX elevation may be related to I.M. administration 


ADVERSE REACTIONS 

Ceftizoxime is m well tolerated; the mos! frequent adverse reactions 
(greater than 1%, but less than 5%) are Hypersensilivity— Rash, pruritus, 
fever. Hepatic—Transient elevation in SGOT, SGPT and alkaline 
phosphatase. Hemalologic — Transient eosinophilia, thrombocytosis. Some 
individuals have developed a positive Coombs test. Lcca/—Injection site— 
Burning, cellulitis, phlebitis with I.V. administration, pain, nduration, 
tenderness, paresthesia. 

Less frequent adverse reactions (ess than 1%) are: Hypersensi- 
tivity—Numbness and anaphylactoid-type reactions have been reported 
rarely. Hepatic—Elevation of bilirubin has been reported rarely. Rena/— 
Transient elevations of BUN and creatinine have been occasionally 
observed with ceflizoxime. Hematologic—Anemia, leukopenia, neutropenia 
and thrombocytepenia have been reported rarely. Genilourinary— Vaginitis 
has rarely occurred. Gasirointestinal—Diarrhea; nausea and vomiting have 
been reported occasionally. Symptoms of pseudomembranous colitis can 
appear during or after antibiotic treatment. (See Warnings section.) 


HOW SUPPLIED 

'Cefizox' (sterile ceftizoxime sodium, FPC) is supplied in vials equivalent 
to 1 gram or 2 grams of ceftizoxime; in Pharmacy Bulk Vials equivalent 
to 10 grams of ceftizoxime; and in "Piggyback" Vials for I.V. admixture 
equivalent to 1 gram or 2 grams of ceftizoxime. 

Note: Unreconsiituted 'Cefizox' (sterile ceftizoxime sodium, FPC) should 
be protected from excessive light, and stored at controlled room 
temperature (59? - 86?F) in the original package until used 

'Cefizox' (ceftizoxime sodium injection, FPC) as a frozen, sterile, non- 
pyrogenic solution in plastic containers—supplied in 50 mi. single-dose 
containers equivalent to 1 gram or 2 grams of ceftizoxime, in 5% Dextrose 
(D5W). Do not store above —20 

‘Cefizox’ supplied as a frozen, sterile, nonpyrogenic solution in plastic 
containers is manufactured for Fujisawa Pharmacautical Company by 
Baxter Healthcare Corporation, Deerfield, IL 60015. 
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. Hepatocytes In Vitro and In Vivo 


; Josef Stadler, MD; Ronaki D. Curran, MD; Juan B. Ochoa, MD; Brian G. Harbrecht, MD; Rosemary A. Hoffman; 
: Richard L. Simmons, MD; Timothy R. Billiar MD 


© Nitric oxide, a highly reactive radical, was recently identified 
 asan Intermediate of1.-arginine metabolism in mammalian cells. 
We have shown that nitric oxide synthesis is induced in vitro in 
Cultured hepatocytes by supernatants from activated Kupffer 
cells or in vivo by injecting rats with nonvieble Corynebacterium 
parvum. In both cases, nitric oxide biosynthesis in hepatocytes 
« |. was associatec with suppression of total protein synthesis. This 
~ Study attempts to determine the effect of nitric:oxide blosynthe- 
_ Sisonthe activity of specific hepatocytic mitochondrial enzymes 
-and to determine whether inhibition of protein synthesis is 
Caused by suppression of energy metabolism. Exposure of hepa- 
tocytes to supernatants from activated Kupffer cells led to a 30% 
decrease of aconitase (Krebs cycie) and compiex | (mitochondri- 
‘l electron transport chain) activity. Using N°-monomethyl-.- 
_ arginine, an inhibitor of nitric oxide synthesis, we demonstrated 
___. thatthe inhibition of mitochondrial aconitase activity was due, in 
part, to the action of nitric oxide. in contrast, in vivo nitric oxide 
| synthesis of hepatocytes from Corynebacterium parvum-treated 
. animalis had no effect on mitochondrial respiration. This sug- 
. gests that inhibition of protein synthesis 5y nitric oxide is not 
. . likelyto be mediated by inhibition of energy metabolism. 
(Arch Surg. 1991;126:186-191) 
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ü thesis, we have shown that 


Kupffer cells exposed to endotoxin induce a profound suppres- 
sion of total protein synthesis in cocultured hepatocytes. 
Furthermore, we have demonstrated that multiple cytokines 
of Kupffer cells acting synergistically inhibit total protein 
synthesis through the induction of nitrie oxide production 
from L-arginine in the hepatocytes themselves." 

Nitric oxide (NO) is a short-lived radical derived from the 
oxidation of one of the guanidino nitrogens of L-arginine dur- 
ing the conversion of L-arginine to citrulline.’ In the presence 
of oxygen, NO decomposes to the stable end products nitrite 
(NO, ) and nitrate (NO,~) within seconds. The L-arginine 
oxidative pathway was originally described in maerophages as 
a mechanism by which activated macrophages inhibit the 
growth of some tumor cells and certain microorganisms.** 
Nitric oxide production in macrophages completely inhibits 
aerobie energy metabolism in the macrophage itself and in 
tumor cell targets." The enzymes inhibited by NO include 
mitochondrial aconitase (an enzyme of the tricarboxylic 
acid cycle) reduced nicotinamide-adenine dinucleotide 
(NADH)-ubiquinone oxidoreductase, and succinate-ubiqui- 
none ox:doreductase (complex I and complex II of the mito- 
chondrial electron transport chain) (Fig 1). We have shown 
that exposure to exogenous NO also inhibits these enzymes in 
hepatocytes.” 

We attempted to determine whether NO produced endoge- 
nously by hepatocytes exerts a similar inhibitory effect on 
hepatocytie mitochondrial respiration and whether this could 
be the mechanism by which NO suppresses total protein 
synthesis. Endogenous hepatocytie NO generation was in- 
duced in vitro by exposure to conditioned Kupffer cell super- 
natant or in vivo by injection of inactivated Corynebacterium 
parvum.” 

MATERIALS AND METHODS 
Cell Isolation — 

Male Sprague-Dawley rats (Harlan Sprague-Dawley, Ine, India- 
napolis, Ind) weighing 200 to 300 g were used as the cell source in all 
experiments. Hepatocytes were harvested with an in situ collagenase 





| (type IV, Sigma Chemical Co, St Louis, Mo) perfusion technique as 


previously described." Purity exceeded 96%, and viability ranged 


Mitochondrial Respiration and Hepatocytes— Stadler et al 








from 85% 20 95% by trypan blue exclusion. Nonparenchymal liver 
... eellswere chtained by a pronase E (Sigma Chemical Co, St Louis, Mo) 
_ digestion, and Kupffer cells separated from endothelial cells by cen- 
_ trifugal elatriation to greater than 90% purity as determined by 
"peroxidase staining. 









mmol/L L-glutamine, 10°-U/L penicillin, 100-mg/L streptomycin, and 





medi 


“hepatocytes by exposing ther: to a 50% dilution of Kupffer cell 
supernatant and 100-U/mL recembinant rat interferon gamma. All 


Induction of Hepatocytic NO Synthesis In Vivo 


Rats were injected with heat-killed C parvum (Burroughs-Well- 
come Co, Research Triangle Park, NC) administered intravenously 
.... idm doses of 28 mg/kg of body weight. Seven days later, hepatocytes 
Y -were harvested as described above. Mitochondrial respiration rates 
i were determined in freshly harvested hepatocytes, while other hepa- 
"v toeytes were cultured with 4-mmol/L L-arginine (for maximal NO 
production) and/or 0. 1-mmol NMA (to suppress NO production). 
DUC m Cell Culture Techniques 
For determination of radiolabeled leucine incorporation, hepato- 
cytes were plated at 2 x 10° hepatocytes per mL of culture medium on 
gelatin-costed, 96-well tissue culture trays (Sigma Chemical Co, St 
Louis, Mo’ at 0.1 mL per well, For measurements of mitochondrial 
respiratior, hepatocytes were incubated at 1 x 10° hepatocytes per 
mL of cultare medium in 75-cm flasks at 12 mL per flask. After 18 
hours’ ineubation, the flasks were washed with a serum-free medium 
and reine dated for 5 minutes with ethylenediaminetetraacetic acid- 
trypsin (Gibeo Laboratories) to detach the hepatocytes. The trypsin 
was inactivated by adding a medium containing 10% calf serum. 






Respiration Measurements 


epiration medium contained 250-mmol/L sucrose, 2.0- 
tassium phosphate émonobasic), 10-mmol/L magnesium 
20-mmol/L N-2-hydroxyethylpiperazine-N-2-ethanesul- 
IEPES), 0.5-mmol. ethylene-glycol-bis (B-amino-ethyl- 
",N' tetra-acetie acid (EGTA), 1-mmol/L adenosine 









ide [Yellow Springs (Ohio; Instruments Co]. After 5 minutes of 
equilibration at 37°C, state 3 respiration was initiated with the addi- 
tion of enzyme-specifie substrates. Figure 1 demonstrates which 
enzymes were investigated. Citrate was added as an indirect NAD- 
linked substrate and isocitrate as a direct NAD-linked substrate 


(final concentration, 5 mmol/L}.Citrate is converted to isocitrate by 
aconitase, an enzyme of the tricarboxylic acid (TCA) cycle. Isocitrate 
is then converted to a-ketoglutarate by isocitrate-dehydrogenase, 
ADH, which serves as a substrate for NADH-ubiqui- 
luctase (complex D of the mitochondrial electron trans- 
Therefore, citrate-dependent respiration rates reflect 


vity while isocitrate-mediated respiration rates reflect 
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FADH, - Q Chain ^ 
i 


Complex Ili 
i 


TMPD Ascorbate — Cytochrome C 
i 


Fig 1.—Schematic presentation of enzymes of the tricarboxylic acid 
(TCA) cycle and of enzyme complexes of the mitochondrial électron 
transport chain. Enzymes tested for an inhibitory effect of nitric oxide — 
are marked by rectangles. As an indicator for enzyme activity, sub- 
strate-specific oxygen consumption was measured. NADH, indicates 
the reduced form of nicotinamide-adenine dinucleotide; FALH, the |. 
reduced form of flavin adenine dinucleotide; and TMPD. NNN'.N'S 0 
tetramethyl-p-phenylenediamine. 3 


complex I activity. For both substrates, 5-mmoil/L 2-hycroxymalon- . 
ate was an exchange partner for the substrate transporter of the 
inner mitochondrial membrane. To measure oxygen consumption | 
mediated by succinate-ubiquinone oxidoreductase (complex LD, elec 
tron flow from complex I was inhibited by 10-nmol/L rotenone, and 5- 
mmol/L succinate was added. Electron flow from complex II to- 
cytochrome e was blocked by addition of 20-nmol/L antimycin A to 
determine oxygen consumption via selective electron donation tothe — 
cytochrome oxidase (complex IV) by N,N,N'N'4etramethy-p- ——— 
pherylenediamine (TMPD) as an artificial electron donar (0.2- — 
mmol/L TMPD plus 1 mmol/L ascorbate). Oxygen consumption was: 
calculated from an initial air saturation of [O,] = 195 nmol/mL.” All 
reagents for respiration medium, all substrates, and ell inhibitors ~~ 
were purchased from Sigma Chemical Co, St Louis, Mo. | 
Determination of Protein Synthesis a 
Total protein synthesis was determined using tritiatec leucine (5.0 
Ci/mmol, 1.0 pCi per well; New England Nuclear, Boston, Mass) 


added to culture medium without L-leucine (Minimal Essential Medi- | 
um, Gibco Laboratories) at 4-hour labeling intervals as previously — 





Determination of NO, / 
NO, and Enzyme Release 


The stable end products of L-arginine-dependent NO synthesis, 
NO,” and NO, , were measured in culture supernatants using an 
automated procedure based on the Griess reaction." Aspartate ami- . 
notransferase (AST) levels were determined using am automated 
clinical chemistry analyzer (Technieon RA-506; Technicon, Tarry 
town, NY). ROUES 





Statistical Analysis 


Results are expressed as means + SEMs. Significance between i 
groups was determined using the unpaired Student's t test. Lg 
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Table 1.— Supernatant From Activated Kupffer Cells Induces Nitric Oxide Production and 
Decrease of Protein Synthesis in Hepatocytes* 


HC Culture Conditions 


Conditioned HC 


Supernatant NMA, 0.5 mmol/L 


NO.-/NO,-, pmol/L 
9.0+2.1 





PH] Leucine 
Incorporation, cpm 


38 978 + 2408 


AST Release, U/L 
329+ 43 






- + 7.0+1.6 35 645 + 2029 321+34 
+ = 228.8 + 15.4 26 483 + 5037t 447+ 20 
+ + 12.7+1.6 31 531 +4122 419+24 


*HC indicates hepatocyte; NMA, N*-monomethyl-. -arginine acetate; PH], tritiated; NO., nitrite; NO,-, nitrate; and AST, aspartate aminotransferase. 


tP<.05 vs regular medium. 
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0 6 12 18 24 
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Fig 2.—Decrease of enzyme activity in the mitochondrial respiratory 
chain over time of incubation of hepatocytes (HCs) in regular medium. 
Enzyme activity is expressed as substrate-dependent oxygen con- 
sumption. Open circles indicate isocitrate (complex I); closed circles, 
succinate (complex Il); and triangles, TMPD (complex IV). 


RESULTS 

To induce endogenous NO production in vitro, isolated, 
cultured hepatocytes were exposed to conditioned media 
from Kupffer eells activated with interferon gamma and lipo- 
polysaccharide. We have shown that NO synthesis by hepato- 
cytes exposec to cenditioned Kupffer cell supernatant re- 
quires an 8-hour induezion with maximal production occurring 
16 to 18 hours after exposure to Kupffer eell supernatant. To 
determine the optimal time for measuring hepatocytic mito- 
chondrial function, we first monitored the changes of respira- 
tory activity over time. In normal hepatocytes, a time-depen- 
dent decrease in substrate-specific respiration (measured as 
oxygen consumption) was seen. Only 55% of the original 
activity of all enzymes remained after 18 hours of culture (Fig 
2). Additional decreases in activity were noted at 24-hour 
incubations. Therefere, 18 hours was the time limit selected 
for all experiments zo study hepatocytes under conditions of 
maximal NO synthesis and relatively active mitochondrial 
respiration rates. 

Exposure tc conditioned Kupffer cell supernatant resulted 
in a greater than 25-fold increase of hepatocytic N 0, /NO, 
production (Table 1). With the induction of nitrogen oxide 
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Succinate TMPD 
(Aconitase) (Complex!) (Complex Il) (Complex IV) 


Citrate Isocitrate 


% Changes of HC Mitochondrial Respiration 


Fig 3.— Effects of incubation of hepatocytes (HCs) with conditioned 
Kupffer cell supernatant on substrate-specific mitochondrial respira- 
tion rates. The incubation period was 18 hours, and 50% KC superna- 
tant and 100 U/mL recombinant rat interferon gamma were added to 
the incubation medium containing 1-mmol/L L-arginine (solid bars). 
The effect of nitric oxide was determined by addition of 0.5-mmol/L N°- 
monomethyl-L-arginine acetate (NMA) to the cultures, which is a 


» competitive inhibitor of L-arginine-dependent nitric oxide synthesis 


(shaded bars). The significance of nitric oxide was demonstrated by its 
inhibition of the mitochondrial aconitase, but not of enzyme complexes 
of the mitochondrial electron transport chain. The asterisk indicates 
P<.02 vs standard medium, and the O, P<.05 vs Kupffer cell superna- 
tant witheut NMA. 


synthesis, conditioned Kupffer cell supernatant suppressed 
total protein synthesis (tritiated leucine incorporation) by 
34.9%. Both the production of nitrogen oxide and the decrease 
of total protein synthesis were prevented by NMA, a known 
inhibitor of NO production via the L-arginine oxidative path- 
way." Release of the intracellular enzyme AST was slightly 
increased after exposure to Kupffer cell supernatant. This 
increase was not influenced by NMA and represents only a 
minor change in hepatocytic integrity considering that the 
maximal AST level was 5977 + 69 U/L achieved by intentional 
cell lysis. Lipopolysaccharide, which was used as the stimula- 
tory agent for the generation of conditioned Kupffer cell 
supernatant, was subsequently transferred with the superna- 
tant into the hepatocytic culture medium. As previously re- 
ported’ and confirmed by our study, lipopolysaccharide alone 
did not induce significant NO biosynthesis, inhibit protein 
synthesis, or inhibit mitochondrial function (data not shown). 

Exposure to Kupffer cell supernatant was associated with a 
28.9% +1.9% decrease in citrate-dependent oxygen con- 
sumpticn, reflecting an inhibition of mitochondrial aconitase 
activity(Fig 3). Isocitrate-dependent respiration, which mea- 
sures the activity of complex I of the mitochondrial electron 


Mitochondrial Respiration and Hepatocytes — Stadler et al 





Oxygen Consumption, nmol/min per 10° HC 


Citrate Isocitrate Succinate TMPD 
(Aconitase) (Compiex !) (Complex Il) (Complex IV) 


Fig 4.—Substrate-specific oxygen consumption of freshly isolated 
hepatocytes (HCs) harvested from Corynebacterium parvum-inject- 
ed rats (shaded bars) compared with HCs from untreated rats (solid 
bars). C parvum was injected in doses of 28 mg/kg of body weight 7 
days before HC harvesting. Mitochondrial respiration rates were mea- 
sured immediately after harvesting. The suppression of all respiration 
rates was significant (P<.05) compared with untreated rats. 
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Fig 5.—Mitochondrial respiration rates mediated by aconitase and 
complex | of hepatocytes (HCs) from Corynebacterium parvum-in- 
jected rats. The HCs were harvested 7 days after "jection. Respiration 
measurements were performed after 18 hours of incubaticn, with 
(solid bars) or without (shaded bars) 4-mmol/L _-arginine. For addi- 
tional inhibition of nitric oxide synthesis, 0.1-mmel/L N^-monomethyl- 
L-arginine acetate (NMA) was added to the L-arg ^ine-free medium. 


Table 2. —Hepatocytes From Corynebacterium parvum-Injected Rats Release Nitric Oxide in the Presence of L-Arginine Without 
Addition of Stimulatory Agents* 


HC Culture Conditions 


L-Arg nine NMA 





17.1 6.0 


0.1 mmol/L 


*HC indicates hepatocyte; NMA, N9-monomethyl-.-arginine acetate; NO,,, nitrite; NO,, nitrate; [*H], tritiated; and AST, aspartate amino~ansferase. 
tP<.05. 


transport chain, decreased by 27.3% +2.1%. The activity of 
complex II and complex IV was not significantly influenced by 
exposureto Kupffer cell supernatant. The Kupffer cell super- 
natant-irduced inhibition of aconitase activity was signifi- 
cantly reduced by NMA, indicating that the inhibition was, in 
part, mediated by endogenous NO. In contrast, prevention of 
NO synthesis with NMA had no significant effect on the 
inhibition of complex I induced by Kupffer cell supernatant. 

We have shown that injection of killed C parvum into rats 
induces chronic increases of circulatory NO, /NO, and stim- 
ulates significant NO production by hepatocytes in vivo." To 
determine the consequences of in vivo long-term NO produc- 
tion on kepatocytic mitochondrial respiration, hepatocytes 
were harvested from rats 7 days after injection of C parvum, 
and the respiration rates compared with those of hepatocytes 
from normal rats. As expected, injection of C parvum result- 
ed in a siznificant increase in levels of circulatory NO, /NO, 
(normal, 17.4 -- 0.4 pmol; C parvum, 17759 * 170 mmol). Ad- 
ministration of C parvum also decreased the activity of mito- 
chondria aconitase, complex I, complex II, and complex IV 
(Fig 4). 

Because C parvum induced a nonspecific pattern of meta- 
bolic inhibition in hepatocytes that is different from the inhibi- 
tion of specific enzymes by NO, additional studies were per- 
formed. >urified isolated hepatocytes stimulated to generate 
NO in vivo were cultured and mitochondrial respiration mea- 
sured following 18 hours of in vitro NO production. Hepato- 
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NO;"/NO,, pmol/L 
312.5 +34.7 


[?H]-Leucine 
incorporation, cpm 


62 961 +8913 
88 451+ 2637T 


AST Release, U/L 


410+5 
410+22 


cytes continued to produce NO during cul uring witheut fur- 
ther stimulation (Table 2). Nitric oxide production was almost 
totally prevented when NMA was added t» the culture medi- 
um. In vitro NO production by hepato-ytes from C par- 
vum-injected animals was associated with a decrease in pro- 
tein synthesis without associated cell damage (as determined 
by AST levels). Addition of NMA to the calture medium had 
no effect on aconitase or complex I activity in C parvwm-in- 
jected rats; neither citrate-dependent respiration rates nor 
isocitrate-dependent respiration rates were affected (Fig 5). 
This indicates that, in contrast to hepatocytes exposed to 
Kupffer cell supernatant, NO had no inflwence on mitochon- 
drial enzyme activity of hepatocytes from C parvum-treated 
rats. 
COMMENT 

Since the original description of NO release from endotheli- 
al cells,” many other cell types, including macrophages,’ neu- 
trophils,” cerebellar neurons,” and murine mammary adeno- 
carcinoma cells? have been shown to synthesize NO from L- 
arginine. The induction of this novel biocaemical pathway is 
mediated by a variety of different stimuli that are specific to 
each cell type. We have previously shownsthat Kupffer cells, 
like other macrophages, produce NO in response to endotox- 
in.^* Such stimulated Kupffer cells alsc release cytokines 
that induce NO production in hepatocytes.” These findings 
suggest that liver cells may produce NO in sepsis. The biologi- 
cal role of NO synthesis under these concitions is unknown. 
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However, we have shown that a decrease of total protein 
‘synthesis in hepatocytes i is associated with both endogenous 
NO synthesis and exposure to exogenous authentic NO.” 
‘That NO also interferes with energy metabolism by inhibiting 
specifie mitochondrial enzymes” led to our hypothesis that 
NO may cause the deerease of protein synthesis by impairing 
energy production. | 
In the experiments discussed herein, hepatocytic NO pro- 
.duetion was induced by two methods. In vitro NO production 
-was stimulated by exposure te conditioned Kupffer cell super- 
natant ‘from lipopolysaccharide and interferon gamma-acti- 
vated Kupffer cells). and in vivo induction followed injection 
of killed C parvum iato rats. Exposure to Kupffer cell super- 
. natant resulted in a significant reduction of mitochondrial 
> aconitase and compiex I aetivity in hepatocytes. However, 
.. only the effect observed on the mitochondrial aconitase ap- 
<- peared to be NO-dependent. This finding is in contrast to the 
NO-induced eaanges in tumor cells and macrophages, in 
which cell-generated NO had profound inhibitory effects on 
mitochondrial aconitase as well as on complex I and complex 
II of the respiratory chain. Through these mechanisms, mae- 
rophage-generated NO leads to cytostasis of tumor target 
cells," The considerably weaker inhibition of hepatocyte 
enzymes may be relatec to differences in the sensitivity to NO 
== or to a greater capacity of hepatocytes to neutralize NO or to 
_ recover from NO-incueed damage compared with tumor cells 
... and maerophages. Nitric oxide is thought to inhibit mitochon- 
_ drial function by releasing enzyme-associated iron.’” Hepato- 
<- -cytes contain intracellular pools of free iron," ^ which may 
_. directly compete for NO binding or rapidly replace the lost 
.. iron and restore enzyme activity. "^" The-consequences of the 
-= NO-dependent inhibition of mitochondrial aeonitase activity 
= Should be seen in the context of the very complex metabolic 
...nature of hepatocytes. Based on the presence of various 
< metabo.ie bypasses, hepatocytes may be able to compensate 
_ > for a moderate suppression of aconitase aetivity by employing 
.. metaboiie pathways proximal or distal to the aconitase. How- 
|. ever, such a compensatory shift toward alternative sub- 
-= strates for energy production (eg, amino acids) would proba- 
bly lead to alterations in other areas of metabolic 
_ performance. The NO-independent inhibition of complex I 
< suggests that other factors, either in the Kupffer cell superna- 
`= tant or in factors induced in the hepatocytes, exert additional 
_ inhibitory effeets on this enzyme. Preliminary data suggest 
. that tumor necrosis factor may be one of the causative 
agents. * 
Additional evidenze of the relative resistance of hepato- 
|. eytestoenzyme inhibition by NO comes from the experiments 
, using C parvum to induce hepatocytic NO production in vivo. 
_.» Mitochondrial function in these animals was only slightly 
inhibited, and the inhibition was not restricted to aconitase, 
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complex I, and pisci n Tt ys suppression of complex IV 
demonstrates that these findings are not due to the action of 
NO, beeause even authentie NO does not inhibit this site of 
the electron transport chain.” When these hepatocytes were 
eultured and allowed to produce NO over time in vitro, no 
decrease in aconitase or complex I activity was detected, 
compared with cells in which NO synthesis was prevented 
with NMA. We have shown, however, that authentic NO is a 
potent inhibitor of those enzymes in freshly harvested hepa- 
toeytes." The data reported here suggest that concomitant 
with long-term NO synthesis, protective mechanisms may 
have been activated to prevent NO-induced mitochondrial 
dysfunction. That prevention of NO synthesis in hepatocytes 
from C parvum-injected animals increases protein synthesis 
without altering mitochondrial function demonstrates that 
the NO-induced decrease in hepatocytic protein synthesis is 
probably not a direct result of impaired energy metabolism. 
Although addition of NMA to hepatocyte cultures of C par- 
vum-treated animals increases total protein synthesis, as 
expected from the preceding experiments, these hepatocytes 
did have higher basal levels of protein synthesis than hepato- 
eytes from untreated animals. This model of chronic inflam- 
mation nas been shown to cause the production of mediators 
that are known inducers of the hepatic acute phase response." 
Whether mediators like interleukin 6 are responsible for this 
elevation of hepatocytie protein synthesis in C parvum-treat- 
ed animals is being studied. 

We cenclude that endogenously produced NO can moder- 
ately inhibit mitochondrial aconitase activity in vitro. Chronic 
production of NO by hepatocytes in vivo in the specific model 
of C parvum administration does not contribute to impair- 
ment of mitochondrial function of hepatocytes. Whether NO 
produced by hepatocytes influences other liver cells, and how 
NO produced by Kupffer cells," endothelial cells," or neutro- 
phils” affects hepatocyte function in severe sepsis, is un- 
known. Certain biologie functions of NO make it very likely 
that NC has an important role in liver inflammation. We have 
evidence that NO can stimulate increases in cyclic guanosine 
monophosphate as it does in other cells, *? and thus may act 
as a seeond messenger." In vivo experiments have shown 
increased hepatic damage from endotoxemia when NO pro- 
duction was inhibited (T. R. B. and B.G.H., unpublished data, 
1990). These observations and the lack of profound inhibition 
of hepatocytie mitochondrial function support the idea that 
NO plays a protective role under septie conditions, perhaps 
by premoting vasodilation” or preventing platelet 


aggregation.” 
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Abstract. 


Discussion 


CLEON W. GOODWIN, MD, New York, NY: The major effect of the 
nitrous oxice is to decrease leucine incorporation and protein synthe- 

-gis in the extracted tissue. The effects of nitric oxide on mitochondria 
“< funetion, om the other hand, were at best modest and problematic. 
First, oxygen consumption was measured in intact hepatocytes, and 
mitochondrial oxygen uptake wa: extrapolated from these data. This 
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~- — does not taxe into account that these cell preparations contain other 
| exygen-usii r organelles, particzarly perioxysomes and microsomes 
with mixec-function oxidosis. Several questions were then asked. 
What is the direct effect of nitrieoxide on pure mitochondrial prepa- 

J rations obtained by the usual classic methods of differential gentrifu- 
gation? Why were 18-hour-old hepatocytes used, since the data in the 
written paper showed that these hepatocytes were functioning at 











nitric oxide could explain these data? 


DR STADLER: Our laboratory used digitonin to isolate hepato- - 
cytes; this method eliminates other oxygen-consuming organelles in | 
that preparation. Tumor necrosis factor may well have been respon- _ 

















significantly reduced biochemical efficiency? Finally, if small changes f : 
in oxygen eonsumption really do occur, what mechanisms other than — 


sible for the effects on mitochondrial function that we measured. This . 


may have been a direct effect of tumor necrosis factor on mütochondri- 
may not have required nitric oxide as a — 
mediating mechanism. Other data from our laboratory have shown 
highly reproducible effects of tumor necrosis factor on mitochondrial 


al oxygen uptake and 


function. 
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npaired Macrophage 


_ Jill Golcfine, MS; Richard B. Johnston, Jr, MD; John M. Day, MD 


oe Protein-energy mainutrition induces immunosuppression 
that predisposesto sepsis, but the mechanisms are unciear. This 
study examines the roleof the macrophage in host defense in the 
malnourished state. Swiss-Webster mice (N = 300) wererandom- 
ly allocated to contro! (24% casein) or low-protein (2.5% casein) 
diets for 8 weeks. We studied the ability of two populations of 
macrophages, peritoneal macrophages, and Kuptfer cells to pro- 
duce superoxide anion after in vivo administration of endotoxin 


. peroxice anion release and Candida phagocytosis and killing. 
-Mice under proteir-emergy malnutrition demonstrated de- 
creased mean body weights. serum protein levels, and cell 
-. lelds. Superoxide arion production in resident and activated 
.. (ipopolysaccharide, interferon gamma, bacille Calmette-Guérin 
. Infecticn) peritoneai macrophages was significantly reduced in 
the mainourished group. Candida phagocytosis and kiling were 
_ also both depressed in malnourished mice. Kupffer cells failed to 
, generate superoxide arion in all groups. We conclude that se- 
. vere protein-energy mainutrition significantly impairs macro- 
_ phage function, which could diminish response to acute and 
_ Chronic septic challenges. Interferon gamma up regulated perito- 
. Neal macrophage and Kupffer cell microbicidal function, which 
| suggests a therapeutic role for this lymphokine in the mainour- 
ished septic host. 
(Arck Surg. 1991;126:192-196) 
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Protein-Energy Malnutrition 


H. Paul Redmond, FRESI; Pablo Leon, MD; Michael D. Lieberman, MD; Kurt Hofmann, MD; Jian Shou, MD; John V. Reynolds, FRCSI; 


agents,” and protein-energy malnutrition (PEM)." Protein- 
energy malnutrition ean oceur as marasmus (protein-energy 
deficiency), kwashiorkor (protein deficiency), or a combina- 
tion of both and may be primary or secondary. Primary PEM 
is prevalent, occurring in 25% to 40% of children worldwide" 
and acceunting for more than 50% of deaths in children under 
5 years of age." Protein-energy malnutrition remains a com- 
mon problem in developed countries also, occurring in small- 
for-gestational-age infants, the elderly, and up to 50% of 
hospitalized patients." The extent of immunological impair- 
ment depends, in part, on the severity of PEM. In PEM, the 
humorai immune response usually remains intact, but cell- 
mediated immunity is depressed. Critical to the initiation of 
the celi-mediated immune response is the mononuclear 
phagocyte system, consisting of peripheral blood monocytes 
and fixed tissue macrophages (MÓs). Fixed tissue MÓs are 
found throughout the body. Differences in MÓ function are 
dependent not only on anatomical location but on the state of 
MÓ activation." 

. Global prevalence of PEM demands a clearer understand- 
ing of the pathophysiological mechanisms induced by this 
nutritional state. It is clear that immunodeficiency associated 
with PEM is poorly understood, and little information is 
available concerning the functioning of MÓs in PEM. This cell 
is fundamental to the initiation and orchestration of the im- 
mune response, and identification of defective function conse- 
quent to PEM is critical in the understanding of PEM-induced 
immunodeficiency and the development of therapeutic regi- 


mens torestore immune function in the malnourished host. 


MATERIALS AND METHODS 

Female Swiss-Webster/CFW mice (N 300; Charles River Lab- 
oratories, Wilmington, Mass), 6 to 8 weeks old, were studied. Follow- 
ing a 7-day period of acclimation, mice were weighed and randomly 
allocated to receive, ad libitum, either & 24% casein diet (control 
group) or a 2.5% casein diet (study group) (Table 1) for 8 weeks. All 
mice were carefully monitored daily for signs of distress or infection 
and weighed at 3 weeks and again at the end of the study period. 
There was no natural mortality in the study group up to 8 weeks. 


Isolation of Peritoneal MOs (PMÓs) 


Peritoneal M@s were harvested by peritoneal lavage, centrifuged 
washed, and resuspended in Dulbeeco's modified Eagle’s medium, ' 
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— Composition of Normal and Low-Protein Diets: 








24% Casein Diet 2.5% Casein Diet 







C ents showo an in. grams per P logam of chow. The energy 
pues deni of beth diets was 17.85kJ/g. >o. 






| ing 10% ‘etal calf serum, 1% otis; 1% penicillin and strepto- 
|  myein, ando. 1%. 2-mereaptoethanol, and plated for assay at a concen- 
Ux tration of b X10 cells per milliliter. — 


Isolation of Kupffer Celis (KC) 


-Kupffer tells were harvested by a previously described in vivo 
perfusion method." Briefly, mice were anesthetized, using intraperi- 
toneal pentobarbital sodium (100 mg/kg). The inferior vena cava was 
then isolated and cannulated with a 23-gauge catheter. The liver was 
initially perfused with 25 mL of Gey's balanced salt solution at a rate 
of 8 mL/min, followed by infusion of 0.2% protease solution using a 
similar volame and perfusion time. The liver was then carefully 
excised anc cut into 2-mm pieces, and digestion was continued using 
equal volumes (25 mL per liver) of Gey's balanced salt solution and 

protease sclution. The digestion process was continued for 45 min- 
_ utes, and 0 5 mL of deoxyribonuclease (0.5 mg/mL) was added twice 
a we 15-minuce intervals. The completed digest was centrifuged, fil- 
= tered through a sterile Nitex bag (Petko, New York, NY), and 
ee washed. hree times in Gey's balanced salt solution. Red blood cells 
| . were then depleted using TRIS-buffered ammonium chloride (pH 
7.2, 3mL/ min). Remaining cells were washed again three times and 
DU placed over a 46% Percoll gradient (2000 rpm for 20 minutes). Inter- 
-face cells were collected, washed three times, and resuspended at a 
“concentration of 1 x 10° per milliliter in complete media. Percentages 
of KC were determined by Diff-quick (American Scientific Products, 
McGaw Park, Ill), Giemsa, and esterase staining techniques and by 

latex bead. and carbon granule phagocytosis. 


Endotoxin (Lipopolysaccharide [LPS]) Administration 


Mice were challenged with a priming dose of LPS (30 pg intraperi- 
toneally) at 7 weeks of PEM. Peritoneal MÓs and KC were harvested 
(4 day later for assay. 


cerium (Bacille Calmette-Guérin [BCG)) Infection 


ction was induced by intraperitoneal injection of 5 x 10' 

| mycobacterium (BCG) organisms. Peritoneal MÓs 
arvested 21 ue later and assayed for superoxide 
ration. 






























Candida albicans B 


ponse to. Candida. challenge was —: in vitro. 
ivo (LPS)~’, and in vitro (interferon gamma [IFN- 
8 were harvested and cultured overnight in complete 
their ability to phagocytose and kill Candida was 


ubgroup, resident PMÓs. and KC were harvested and 
d with IFN-y (100 U per 10° cells) for 48 hours, at which time 
Candida phagocytosis and killing were assessed. 


Assay for O, Generation 


e anion generation was measured as the superoxide 
hibitable reduction. of ferrocytochrome c, in response to 
state acetate (1 mg/L), as previously described." Re- 
xpressed as nanomoles of O; per milligram of protein per 
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Table 2. — Effect of Protein-Energy Malnutrition for 8 Weeks 
on Mouse Weights and Cell Yieids* 








. 24% Protein 


Mouse Weights, g 
Resident 331 
LPS - : 31x 1 
BCG O 82-2 


Cell Yields, x 105 Cells 


^ 49:03 
11.3x0.2 





4.3 :- 0.1 
21.2: 0.1 


11-2 
29-10 208-16 
*Values are mean + SEM. (30 mice in each group). LPS: indicates cnr 
saccharide; BCG, bacille Calmette-Guérin; PMO, peritoneal aceon: and E 
KC, Kupffer cells. 


TP<.001. 
iP-.05. 


Protein Measurement 


The protein content of adherent cells was determined by E 
the method of Lowry et al.” bs 


MO Phagocytosis of Candida 


Peritoneal MÓs and KC were plated (2 x 10° per well) in Cate. 
tissue culture slides (Nune, Inc, Naperville, Ill), allowed to adhere 
overnight, and washed with phosphate-bufferec saline before use. — 
Percentage of MØ phagocytosis of Candida was determined by eocul- — 
turing Candida (MÓ-Candida ratio, 1:4) with already adhered M@s : 
in buffer for 30 and 60 minutes." On completion of these incubation — 
times, wells were washed twice with phosphate-buffered saline to 
remove nonphagocytosed Candida, fixed, and stained with Wright- 
Giemsa stain. The percentage of MÓ phagocytosis was assessed by | 
counting the number of M@ that had completely phagocytosed oneor 
more Candida at the study time points (ingested organisms are 
surrounded by a clear halo). At least 200 M@s were counted per slide. 3 


Candida Killing Assay 






















The ability of PMÓs and KC to kill Candida was studied by | 
coculzuring M@s (1 x 10° per well, 24-well plate; M@-Candide ratio, 
1:4) with Candida for 3 hours in Kreb's s Ringer's phosphate dextros 
at 37°C. The dye-exclusion assay employed was similar to a previo 
ly described technique.” At the end of the incubation period, 0:251 
of a 2.5% sodium deoxycholate solution was added to each well : 
vigorously pipetted to lyse adherent M@s. The contents of each w 
were then transferred to centrifuge tubes, to which 3 mL of 0.0 
methylene blue solution was added to achieve a final volume cf 4t 
mL. The suspensions were then vortexed for 30:seconds and cen: 
fuged at 1100g for 15 minutes at 6°C. Resultant pellets were res 
pended i in 0.5 mL of the residual supernatant. Tubes were placed i 
ice, and at least 200 yeasts per tube were counted to determine the. 
percentage of stained Candida that were dead. To determine candidi- 
cidal activity of MÓ, the value obtained was subtracted from eontro - 
tubes containing Candida only. 


RESULTS 
Mouse Weights, Serum Protein Levels, and Cell Yields. 


As demonstrated in Table 2, at the onset of dietary manipu- i 
lation the mean body weight was 24 +1 g. Mice receiving a. 
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O, , nmol/mg Protein per 90 min 
o 





Fes LPS BCG IFN-y 

Fig 1.—Superoxide anion (O, ) production bv peritoneal macro- 
phages (PMÓs) after 90-minute stimulation with phorbol myristate 
acetate. Supeoxide anion release by PM@s was significantly de- 
creased in the group given a low-protein (2.5% casein) diet (shaded 
bars). Solid bars incicate the group given a normal-protein (24% 
casein) diet; Res, resident; LPS, endotoxin (lipopolysaccharide) treat- 
ed; BCG, myccbacterium (bacille Calmette-Guérin) infected; and IFN- 
y, gamma interferon coculture. For Res, LPS, and IFN-y, P<.05; for 
BCG, P—.001, control vs low-protein diet. 


24% casein ciet weighed 30 — 1 g after 3 weeks and 33+1 g 
after 8 weeks. The mean body weight after 3 and 8 weeks of 
protein depletion was 20 — 1 g (16% decrease from baseline) 
and 17 + 1 g «24% decrease from baseline), respectively. Con- 
centrations cf total serum protein (81 + 1 vs48 + 2 g/L, control 
vs PEM-treated group) and albumin (49+1 vs 29+2 g/L) 
were signifieantly decreased in the group given the low- 
protein diet (P<.01). 

Peritoneal cell isolates were 40% to 44% MÓ, as estimated 
by Wright-G-emsa and esterase staining techniques. After 2 
to 12 hours’ adherence, the adherent cell population was 
enriched to zreater than 90% M@, with 100% viability, as 
estimated by using trypan blue. Mean cell yields obtained for 
resident, LPS-primed, and BCG-infected groups (control vs 
low-protein-diet groups) are given in Table 2. 

Resultant cells following liver digestion were 85% to 88% 
MÓ. Following adherence for 2 to 12 hours, adherent cells 
were greater than 95% MÓ (KC) and greater than 90% viable. 
The effect of PEM on cell yields is given in Table 2. Protein- 
energy maln itriticn was associated with a reduction in PMÓs 
and KC yields in resident, primed, and activated states, but 
the percentaze of MÓs per total cell yield vas not altered. 


O, Generation 


Macrophages generate O, in response 30 membrane-per- 
turbing agents and phagocytosis. The magnitude of the re- 
sponse correlates with the microbicidal capacity of the acti- 
vated M@. Figure 1 shows the effect of protein depletion on 
the ability of resident, primed, and activated PMÓs to gener- 
ate O, in response to phorbol myristate acetate. Severe PEM 
significantly impaired PMÓ O, release in the resident and 
activated stetes. Kupffer cells demonstrated negligible gen- 
eration of O-` in both control and PEM-treated groups, re- 
spectively (resident, 6+ 1 vs 1.5 + 1 nmol; LPS, 17+6 vs 4+0 
nmol; BCG, 30+4 vs 41+5 nmol; IFN-y, 3+1 vs 0 nmol; six 
experiments), indicating an inherent defect in respiratory 
burst activity. 


MO Phagocytosis of C albicans 


Macrophazes phagocytose Candida through different re- 
ceptor meckanisms. Phagocytosis of opsonized Candida is 
mediated vie the C3 and Fc receptor series. and nonopsonized 
Candida is phagocytosed through attachment to the mannose 
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% PMO/KC Phagocytosis of CA 





0 20 40 60 80 
Time, min 


Fig 2.—Percentage of resident peritoneal macrophage (PM@) (trian- 
gles) and Kupffer cell (KC) (squares) phagocytosis of Candida albi- 
cans (CA) at 30 and 60 minutes. Macrophage-Candida ratio, 1:4. 
Resident PM@ and KC derived from malnourished mice (2.5% protein 
diet) (open symbols) ingested significantly less (P<.05 to .001) Candi- 
da than did normally nourished mice (24% protein diet) (closed sym- 
bols) at 30 and 60 minutes. 
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% PMO Killing of CA 
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Res LPS 


Fig 3. —Percentage of Candida albicans (CA) killed by resident (Res), 
lipopolysaccharide (LPS)-primed, and interferon gamma (IFN- 
y)-primed peritoneal macrophages (PMÓs) after 3 hours’ incubation. 
Candida killing was significantly decreased (P<.05 for Res and LPS, 
P<.01 for IFN-y) in PMÓs obtained from malnourished mice (2.5% 
casein diet) (shaded bars) compared with fully nourished mice (24% 
casein diet) (solid bars) from the paired group. 


IFN-y 


receptor.? This study specifically examined phagocytosis of 
nonopsonized Candida. Peritoneal MÓs and KC derived from 
normally nourished mice demonstrated similar patterns of 
Candida phagocytosis, with almost 10096 of MÓs containing 
one or more Candida at 60 minutes (Fig 2). Priming with LPS 
and IFN-y enhanced MÓ phagocytic capacity at 30 and 60 
minutes. The MÓs from mice fed a 2.596 protein diet also 
demonstrated an increased capacity for phagocytosis when 
primed by LPS, but the magnitude of the response was 
significantly depressed (PMÓs and KC, P<.001 at 60 min- 
utes) compared with results in normally nourished mice. In- 
terferon gamma-primed MÓs in the PEM-treated group 
were also deficient in Candida phagocytosis compared with 
IF N-y-primed controls (PMÓs, P<.05 at 30 and 60 minutes; 
KC, P<.05 at 30 minutes). 


Candida Killing 


Intracellular killing of Candida by MÓs, which depends in 
large part on oxidative mechanisms," is shown in Fig 3. 
Peritoneal M@s derived from control mice readily killed Can- 
dida, and eandidicidal mechanisms were up regulated by LPS 
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(04. Wolfe TH 
serum, and impaired lymphocyte blastogenesis in burn patients. Arch Surg. 





and IFN-y. Candida killing by PM@s from PEM group mice 






was significantly impaired, although killing was increased in 
response 
and PEM groups responded to these priming agents in a 


lar fashion but killed significantly fewer Candida at 3 


hours compared with PMÓs (resident, 6% + 1% vs 2% + 1%, 


P<.05; LPS, 15% +3% vs T% + 1%, P<.05; IFN-y, 13% + 1% 
vs 6% + 2%; four to six experiments). 
COMMENT 

Recent immunological studies have highlighted the role of 

M@s in host defense." The MÓ participates in cell-mediated 

and humoral immunity through its ability to phagocytose and 

kill foreign pathogens, as well as by processing and present- 

ing foreizn antigens to initiate the immune response. Microbi- 





cidal function is specifically directed against intracellular my- 





eobacteria, parasites such as trypanosomes and leishmania, 
and fungi, including Candida species.” The M@ depends 
primarily on oxidative pathways in the elimination of these 


| pathogens, as well as synthesis of microbicidal proteins.” 


Defective oxidative and nonoxidative metabolism secondary 
to PEM eould contribute to the impaired immune response. 
Douglas and Schopfer* demonstrated normal phagocytosis of 
latex- amd antibody-coated erythrocytes by monocytes de- 
rived frem children with acute kwashiorkor. Keuseh et al” 
also showed that morphological events of phagocytosis and 
degranulation proceeded normally in M@s from protein-defi- 
cient weanling rats. In addition, cell surface receptors for IgG 
were preserved. The same authors found no defects in chemo- 
taxis or bactericidal activity in MÓs derived from PEM group 
animals.” 

This study demonstrates that prolonged PEM significantly 


impairs respiratory burst activity in resident, LPS-primed, 
.- and BCG-activated MÓs, as well as phagocytosis and killing of 
ze. eoated crganism or certain soluble agents, they undergo a 


e intracellular pathogen C albicans in the resident and 
S-primed state. When phagocytic cells encounter an IgG- 








respiratory burst. During this process, oxygen is taken up by 
the cell end enzymatically reduced to O, , hydrogen peroxide, 
and hydroxyl radical? The capacity to respond to stimula- 
tion with inereased release of reactive oxygen intermediates 
constitutes the state of being primed. Priming appears to play 
an essential role in the increased microbicidal capability of 
activated M@s. Among the principal signals that prime M@s 
for activation are IFN-4" and LPS." Severe protein depletion 
may impair host response to LPS by interfering with one or 
more of the steps in the priming mechanism. 

Previcus work on KC oxidative metabolism is conflict- 
ing. ** Data presented herein clearly demonstrate that KC do 


eum ut “not generate O, in the resident or activated state, confirming 








of Lepay and colleagues.” Our results were not 










— ^ related to enzymatic liver digestion, as peritoneal cells incu- 
E mase and deoxyribonuclease for a similar period 
yet; ir capacity to generate O, (data not shown). The 

value ined in the BCG-aetivated group (control and 





















perhaps designed to protect associated hepatocytes, | 

Previous studies have failed to demonstrate a deficit in MÓ 
phagocytosis in the malnourished host. "*"The former study . 
was qualitative, however, assessing vacu»le formatien and 
degranulation only. This study identified < quantitative defi- 
cit in the percentage of MQs ingesting C alicans at 31 0. 
minutes. These results may indicate an impairmen! 
phagocytic process at the cell membrane level. 
marked capacity to phagocytose. This proce 
almost 50% of the plasma membrane, and “e: 
recycling of membrane from internal compart 
surface has been observed in spreading ant 
M@s.* It is possible that depressed phago: 
nourished state could result from altered 
structure. The MÓ expresses more than 40 cell surface recep 
tors. Receptors for IgG (Fe), complemeat, and maanose- 
terminated oligosaccharides appear fundamental in the medi-. 
ation of attachment and ingestion of particks coated withthe — — 
corresponding ligands. We studied phagocytosis ofnonopson- —— 
ized C albicans, which appears to be mediated primarily by —— 
the mannose receptor.” This excluded the variable of possible 
alteration in serum opsonins in PEM, albwing us tc focus — — 
solely on the phagocytic process. Phagoey*osis of C aDbicans — 
was down regulated to a similar degree n PM@s and KC o= 
derived from malnourished mice, indicating the systertiena- — 
ture of this nutritionally induced defect. L_popolysaccharide — 
and IFN-y enhanced C albicans phagocytosis in both groups; — 
however, the response to these priming agents was signifi- —— 
cantly impaired in the PEM-treated group: similar to impair- 
ment of O, production. E 

Results obtained from our studies of Candida killing sup- 
port the possibility that O,° plays an important role in MO 
candidicidal activity. Compatible with these data is the find- _ | 
ing that C albicans, which is killed less readily than Condida — 
parapsilosis, is much less stimulatory of MỌ O, generation, —__ 
at least in the mouse." Peritoneal M@s f*om malnourished __ 
mice killed significantly fewer C albicans: Impaired O, re- —— 
lease by these cells in response to Candide could account for — 
these findings. Enhanced candidicidal act:vity by LPS- and — 
IFN-y-primed PMÓs could well be accounted for by the- 
effects of these agents on phagocytosis o: Candida end re- 
lease of O,”. Kupffer cells derived from coztrol and malnour- 
ished mice demonstrated markedly lower Candida killing at3 ^ | 
hours, a finding that may be related to in.bility to generate — 
O,'. Candida killing by KC was up reguated by LPS and — 
IFN-y, without a concomitant increase in C, ineithereontrol _ 
or PEM-treated groups, indicating the possibility of aterna- = 3 
tive candidastatie or candidicidal mechanisms. Such mecha- = 
nisms also appear to be affected by PEM. 

In conclusion, severe PEM significantly impairs systemie — 
MÓ (PMÓs and KC) antimicrobial capabilty, as reflected by —.— 
impairment of phagocytosis and killing mechanisms in resb 
dent and activated M@s. In nutritionally depleted patients, ^. 
administration of IFN-* concomitant witk protein repletion — . 
may enhance antimicrobial activity, thus reducing infectious 
complications and mortality. 
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Discussion 


interferen in clinical trials without first carefully assessing its in vitro 
function. It is possible for interferon to overly excite the MÓ popula- 
tion, leading to detrimental effects. If the host is suffering from a 
fungal infection, MÓ stimulation via IFN-y may be of benefit. There 
are some differences in O, production between resident MÓ in the 
liver and circulating monocytes, differences that relate to position of 
these ceils and subspecialization in relation to positioning within the 
body. The 4-day period following LPS challenge was used to conform 
with previous studies using the same model in the laboratory. Anti- 
gen presentation is dependent on whether the mouse is sensitive to 
endotoxin. In the endotoxin-sensitive mouse, this is down regulated 
following LPS challenge. Our preliminary data with Candida chal- 
lenge of moderately malnourished mice suggest that partial malnutri- 
tion may be protective. We are studying cytokine traffic in this model 
to put the data in perspective; fetal calf serum and autologous mouse 
serum are used in the culture. 
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_We serially assessed 


Increased Gut Permeab 


Following Burn Trauma 








lity 


Mark D. Epste:n, MD; Jean I. Tchervenkov, MD, FRCSC; J. Wesley Alexander, MD, SeD; J. Robert Johnson, PhD; John W. Vester, MD 


è Twenty female Hartley guinea pigs, weighing 350 to 400 g, 
were given a 30% full-thickness burn injury. Gastrointestinal 


- permeability was assessed before burn and on postburn days 1 
.. through 3, 7, and 14 by administering 5 mL of an isotonic mixture 


of 8% lactulose and 1.15% L-rhamnose by gavage and measuring 
the urinary excretion for the next 7 hours. In normal guinea pigs, 
lactulose (molecular weight, 342d) is mostly absorbed by the 
paracellular route, whereas L-rhamnose (molecular weight, 


<- 164 d) is mostly absorbed by the transcellular route. Gut perme- 


ability to L-rhamnose did not increase after burn injury (211 ug 


.. betoreburn vs 230, 260, 180, 238, and 221 ug on days 1,2,3, 7, and 


14, respectively, after burn). By contrast, gut permeability to 
lactulose increased significantly and was greatest in the first 48 


... hours after burn injury (60 1g before burn vs 380, 354, 203, 364, 


and 279 ug or days 1,2, 3, 7, and 14, respectively, after burn). Gut 
permeability to low-molecular-weight compounds increases im- 
mediately after burn trauma, and this may be by a paracellular 
rather than transcellular mechanism. 

(Arch Surg. 1991;12€:198-200) 


M ultiple orgar failure syndrome occurs in 7% to 20% of 
patients follewing trauma and 30% to 50% following 
surgery for major intra-abdominal sepsis. The attendant mor- 
bidity and mortality range anywhere fram 30% to 100%, 
depending on the number of organ systems failing.’ Despite 
recent advar.ces in critical eare, overwhelming sepsis is still 
the most common precipitating factor that leads to multiple 
organ failure and death in the patient who has undergone 
surgery. 

Numerous studies have demonstrated that bacterial trans- 
location occurs following various stressful situations, particu- 
larly trauma." Over the past decade, many investigators 
have though: that the gastrointestinal (GD tract is the likely 
source of sepsis in some patients with multiple organ failure 
syndrome. 

The GI tract barrier consists of two major components: the 
epithelial cell layer and humoral- and cellular-mediated im- 
munclogical compenents.* A disruption of either of these 


= components of the GI tract following trauma or sepsis could 
. predispose to translocation of microbes or their by-products. 


ithe permeability of the epithelium after 





injury using an isotonic mixture of lactulose and L- 


rhamnose as carbehydrate probes to determine the timing of 
the changes of increased permeability. 
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MATERIALS AND METHODS 
Guinea Pigs and Care 


Twenty Hartley female guinea pigs (Murphy Breeding Labora- 
tories, Plainfeld, Ind), weighing 350 to 400 g, were housed individual- 
ly in stainless steel cages. They aeclimated for 1 week to standard 
laboratory conditions and were fed Wayne guinea pig diet (Continen- 
tal Grain Co, Chicago, Ill) and water ad libitum. Guinea pigs were 
kept in accordance to institutional standards in an (American Associa- 
tion for Accreditation of Laboratory Animal Care [AAALAC])~ac- 
eredited laboratory. Following this, the guinea pigs were placed 
individually in metabolic cages and were given access to water ad 
libitum. Urine was collected using a pair of filter sereens and a funnel 
drained directly into a collection cup. The first sereen had a large 
mesh te prevent fecal material from entering the urine collection, and 
the second screen had a fine mesh to provide additional filtering. Each 
day, a fresh set of cages, water bottles, and screens replaced the 
previous ones. Urine collection was done for 7 hours each day, previ- 
ously determined as an adequate time to assess urinary excretion of 
lactulose and L-rhamnose after gavage. The range of urinary volume 
was 2 to 16 mL over the 7 hours. Because of this individual variability 
in urinary output, the use ofthe lactulose~L-rhamnose ratio helped to 
redueethe variability that would have occurred had a single sugar or 
absolu:e values for these sugars been used. 


Lactulose and L-Hhamnose Administration and Assay 


An isotonic mixture of 8% lactulose (pure anhydrous, Merrell Dow 
Pharmaceuticals Ine, Cincinnati, Ohio) and 1.15% L-rhamnose (Sig- 
ma Chemical Co, St Louis, Mo) was prepared fresh each day. This 
particular concentration of lactulose and L-rhamnose was determined 
to produce an isotonic solution and was the composition used in human 
studies in Great Britain. Because the ratio of the two sugars rather 
than absolute values were used, stool contamination would not 
change this ratio. In addition, the double-sereen filter method for 
urine collection prevented stool contamination; none of the guinea 
pigs had diarrheal stools. Guinea pigs were gavaged with 5 mL of the 
laetulose-L-rhamnose mixture, followed by 15 mL of lactated Ring- 
ers so:ution to ensure hydration of the guinea pigs during urine 
collection. Urine samples from each guinea pig were analyzed for the 
presence of lactulose and L-rhamnose originating in the diet or endog- 
enously produced before lactulose and L-rhamnose gavaging. None of 
the guinea pigs had any detectable lactulose or L-rhamnose in their 
urine before gavage with lactulose and L-rhamnose. 

L-Rhamnose and lactulose values were quantitated using a gas 
chromatographic method that was developed by modifications of the 
methods reported by Laker and Mount.** Assays were performed on 
a temperature-programmable gas chromatograph (Packard Model 
7400, Packard Instruments, Downers Grove, II) fitted with dual 
0.25-in internal diameter, 6-ft long, coiled glass columns, dual elec- 
trometers, and flame ionization detectors; output was to a recorder 
(Fisher Series 5000, Fisher Scientific, Cincinnati, Ohio). (Details of 
the chromatographic and derivitization procedures will be provided 
on request.) a-Methylglucose was used as an internal standard in the 
quantitation of L-rhamnose. Turanose was used as the internal stan- 
dard fer lactulose. Sugars were derivitized using N,O-bis(trimethyl- 
silyDtrifluoroacetamide (Alltech, Deerfield, ID, silylation grade pyr- 
idine (Alltech, 2753050), and trimethylchlorosilane (Alltech, 18091), 
1:5:1 vol/vol/vol. The method was standardized using derivitized 
mixtures of L-rhamnose with a-methylglucose (Sigma Chemical Co) 
and lactulose with turanose (Sigma Chemical Co) Concentration 
ranges used to establish standard curves were as follows: L-rham- 
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Urinary Excretion of Lactulose (L) and .-Rhamnose (R) Assayed Using Gas Chromatography* 


Preburn 
Control 


379 + 2.6 378 x 3.6 


Days After Burn 


230 +22 260 +32 238 + 30 
380 + 79t 354+ 481 364 + 92l| 
0.31 +0.1 1.597 0.21 1.25 x 0.48 1.84 * 0.4 1.40.28 





*A 7-hour urine collection was performed after 5 mL of an isotoric mixture of 8% L and 1.15% R was administered by gavage to the guinea pigs. Results are 
mean + SEM. Note that the L/R ratios do not exactly equal the value of L divided by R because the L/R ratio was obtained from L and R values of individual.guinea 


pigs and not from simply dividing the means. 
TP«.002 vs control. 
$P<.001 vs control. 
§P<.06 vs control. 
|/P<.05 vs control. 


nose, 50 to 400 mg/L; lactulose, 50 to 400 mg/L; a-methylglucase, 25 to 
200 mg/L; and turanose, 50 to 400 mg/L. All sugar solutions were 
aqueous. 

Urine samples were centrifuged at 4°C and stored at — 70°C until 
assayed. One-milliliter aliquots of thawed urine were combined with 
1 mL of the appropriate internal standard. The solution was treated 
with a half sample volume of mixed bed ion exchange resin (Amberlite 
Monobed Resin, Sigma Chemical Co, MB-14A), filtered, and dried; 
residues were derived. In this study, the method of approximating 
areas of peaks obtained from chromatography, peak height multi- 
plied by peak width at half peak height, offered no advantage over the 
measurements of peak heights alone. Therefore, peak heights, mea- 
sured to the nearest millimeter, were related to concentrations to 
derive standard curves. Recoveries of sugars were calculated (as 
percentages) as the ratio of the peak height for an internal standard 
from urine sample to the peak height for the internal standard in the 
absence of urine (standard solution) This percentage recovery cor- 
rection was applied to all urine samples studied. 


Thermal Injury and Experimental Design 


Guinea pigs were made to fast overnight and anesthetized with 
0.04 mg of atropine sulfate, 0.3 mg/kg of acepromazine maleate, and 
50 mg/kg of ketamine sulfate, given intramuscularly. Their backs 
were clipped, and they were secured to a metal cage bottom. A 
13 x 16-em piece of double-thickness gauze soaked with kerosene was 
applied to their backs and ignited, and after 25 seconds the flame was 
extinguished. The guinea pigs were then resuscitated with 50 mL of 
lactated Ringer's solution given subcutaneously. They were given 
access to water and food ad libitum after the burn injury. This method 
reproducibly induces a uniform full-thickness skin burn, which has 
been previously confirmed histologically by our laboratory. 

One day before thermal injury, all guinea pigs were given lactulose 
and L-rhamnose and their urine collected. Thus, each guinea pig 
served as its own preburn control. The first day after burn injury, the 
guinea pigs were again given lactulose and L-rhamnose and kept in 
the metabolic cages for 7 hours for urine collection. This was repeated 
on days 2, 3, 7, and 14 after burn injury. The data were analyzed using 
a one-way analysis of variance to determine statistical differences 
between sample analyses on different days before and after burn 
injury. This protocol was approved by the animal ethics committee of 
the University of Cincinnati and conformed to AAALAC standards. 


RESULTS 


Standard curves for the carbohydrate assays were plotted 
from five standard runs performed on 5 separate days. The 
linear regression correlation coefficients for lactulose and 
L-rhamnose were r= .987 and r=.999, respectively. The de- 
tection limit for the assay varied with the sugar and ranged 
from 2 to 6 mg/L in the standard solutions. The point-by- 
point, day-by-day reproducibility of the standardization pro- 
cedure, as represented by the coefficients of variation, re- 
vealed the assay to have acceptable precision over the range 
of concentrations studied. (These will be furnished on 
request. ) 

The urinary excretion of L-rhamnose was not significantly 
changed on any of the postburn days studied compared with 
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Lactulose—L-Rhamnose Ratio 





Days After Burn 
The urinary lactulose—_-rhamnose excretion ratio before and on days 
1, 2,3, 7, and 14 after burn injury in guinea pigs. Results are expressed 
as mean + SEM. Asterisk indicates P<.002; double asterisk, P<.05. 


the preburn control. However, the urinary excretion, and, 
thus, the intestinal absorption, of lactulose was significantly 
increased on postburn days 1, 2, and 7 (Table). Although it 
was also increased on all other postburn days compared with 
preburn controls, this did not reach statistical significance. 
Because of the rise in lactulose excretion after burn injury 
while the excretion of L-rhamnose remained constant, the 
lactulose-L-rhamnose ratio also increased after burn trauma 
(Table and Figure). There was a slight drop in the weights of 
the guinea pigs after burn injury, with a nadir on days 3 and 7 
after burn (Table). This was not statistieally different from 
preburn weights. 


COMMENT 


It is well recognized that the gut is a reservoir of microor- 
ganisms that can induce sepsis. Recent investigations have 
established that translocation of microorganisms across the 
GI barrier occurs directly through rather than between en- 
terocytes."* Other investigators have shown that hemorrhag- 
ic shock leads to a break in the mucosal barrier of the GI tract.’ 

Over the last several years, many investigators have been 
studying the permeability of the GI tract following various 
disease processes, such as sepsis," trauma,” malignant neo- 
plasm," and inflammatory bowel disease." Permeability 
refers to the facility with which the intestinal mucosal surface 
can be penetrated by the unmediated diffusion of specific 
constituents. Although absorption can be increased or de- 
creased based on the surface area, permeability remains un- 
changed in the healthy bowel. Estimation of permeability can 
be obtained by measurement of permeation (ie, the quantity 
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santa (4-O- BD ac ial staal Sarg a L-rhamnose 
- (6-deoxy-L-mannose) mannitol, cellobiose, D-xylose, and 
. polyethylene glyecl 400. 

^ . The ideal characteristics for a probe are that it be nontoxic; 
not produced endogenously; lipophobic; mot present in the 


















renal clearance; nct hydrolyzed; inert; water soluble; excret- 
ed by the kidney unaltered; of absorption following first-order 
kinetics; and easy to assay in body fluids with precision. 





emptying, intestinal transit time, incomplete urine collection, 
more accurate to use two probes with different mechanisms of 


pressed as a ratio, thereby eliminating error from the afore- 
* mentioned sources. 


“criteria. ^" Lactuleseis a disaccharide with.a molecular radius 
:.of 0.52 nm. L-Rhamnose is a monosaccharide with a molecular 
~ radius of 0.4 nm. Both have a high renal clearance. Aqueous 
pores in the enteroeyte have a radius of 0.4 nm, too small for 
_ lactulose, which is absorbed by a paracellular route. This 

- entails passage between cells, due to either ulcerations in the 
-mucosa or disruption of cellular junctions. L-Rhamnose, a 
- smaller molecule, is absorbed paracellularly as well, but its 
-> primary route of zbsorption is via the transcellular route (ie, 

directly across the enterocyte). The results of this study 
suggest that burn injury is associated with increased perme- 
. ability to small sugars through the junstions rather than 
through the enteroeyte. In a recent study, Ziegler et al” found 
that an increase ir. GI permeability was associated with infec- 
tion in patients with burns. Whether tie increase in gut 
permeability preceded or was the result of sepsis was not 
clearly established. The same group showed that endotoxin 
inereased gut permeability. " 

Our results demonstrate that permeability changes to lac- 
tulose begin immediately in the first 24 hours and persist 
throughout the first 14 days. One possible explanation for this 
is that immediately after thermal injury endotoxin translo- 
eates across the gut barrier directly through the enterocyte, 
as early as 1 hour ' This in turn leads to increased GI perme- 
ability. Endotoxin: has been implicated in increased intestinal 
permeability in healthy subjects.” It does not appear to trans- 
locate via the intercellular junctions but rather through the 





that endotoxin promotes the translocatior:of microorganisms 
across the GI trect. Thus, a vicious cycle may exist where 
-= endotoxin production following the estabiishment of a septic 
focus ean further increase translocation of enteric organisms 
and intestinal permeability. In human subjects with burns of 
greater than 20% total body urface area studied at 24 hours 
after injury, increased intestinal permeability has been dem- 
. onstrated using lactulose and mannitol. These subjects had 
markedly increased laetulose absorption and excretion but 
showed no difference in mannitol excretion, which agrees 
with our findings." 

This study was supported i in part by Public Health Service grant A112936, 


. and by The Shrinerso? North. America, Tampa, Fla. 
The lactulose was derated by Merrell Dow Pharmaceuticals Inc. 
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Discussion 


EDWIN A. DEITCH, MD, Shreveport, La: It is important to develop 
a reliable clinical technique for measuring increased intestinal perme- 
ability in man. One key element missing in establishing whether loss 
of intestinal barrier function is of clinical importance is the lack ofa. - 
probe or marker for measuring intestinal permeability. Only after - 
such a probe is available will it be possible to develop and test 
therapeutic strategies to maintain intestinal barrier function. First, 
because there are many differences between bacteria or endotoxin 
and the sugar probes you tested, do you believe that information 
obtained with these probes can be extended to bacteria or endotoxin? 
Second, the permeability data you presented are consistent with the 
results of similar studies we have carried out indicating that paracel-. 


lular permeability is increased to a greater extent than transcellular. 


How do you reconcile this information with your studies indicating 
that burn-induced Candida translocation is primarily transcellular? 

MARC LANSER, MD, Boston, Mass: What is the relevance of 
increased permeability as measured by the test sugars as a marker of 
bacterial translocation since in most burn models, bacterial transloca- 
tion seems to be a transient phenomenon lasting a few days, while this 
"sugar" study showed that permeability was increased for at least 2 
weeks. 

BASIL A, PRUITT, MD, San Antonio, Tex: I am concerned that 
permeability returned to normal on day 3 but was increased again on 
day 7. I wonder whether the initial increase in permeability could be 
due tc altered mucosal blood flow, while the secondary rise is due to a 
different factor. 

DR EPSTEIN: After burn injury, both paracellular and transcellu- 
lar permeability appear to be increased. Therefore, different probes 
(ie, Candida, sugars, endotoxin) may pass through different routes. 
Although permeability was not increased statistically on day 3 
(P= .06), the lack of significance may represent a numbers problem. 
Repeating the experiment with more guinea pigs in each group would 
clarify this point. 
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"In vitro activity does not necessarily imply in vivo efficacy. 
"Before prescribing, please sce brief summary of prescribing 
information on adjacent page 
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BRIEF SUMMARY OF PRESCRIBING INFORMATION 
TIMENTIN ® sterile ticarcillin disodium for Intravenous 
and clavulanate potassium Administration 
INDICATIONS AND USAGE: TIMENTIN* is indicated in the treatment 
of infections caused by susceptible strains of the designated 


organisms in the conditions listed below: 
Bacteria Septicemia: including bacteremia, caused by B-lactamase 
producing strains of Klebsiella spp., E. coli, Staphylococcus aureus 


and Pseudomonas aeruginosa (and other Pseudomonas species). 
Lower Respiratory Infections: caused by f-lactamase producing 
strains of Staphylococcus aureus, Hemophilus influenzae and 
Klebsiella spp. Bone and Joint Infections: caused by 8-lactamase 
roducing strains of Staphylococcus aureus. Skin end Skin Structure 
ions: caused by 8-lactamase producing strains of 
Staphylococcus aureus, Klebsiella spp., and E. coli. Urinary Tract 
infections (complicated and uncomplicated): caused by fi-lactamase 
producing strains of E. coli, Klebsiella spp., seudomonas aeruginosa 
(and other Pseudomonas species), Citrobacter spp., Enterobacter 
cloacae, Serratia marcescens, and Staphylococcus aureus 
Gynecologic Infections: Endometritis caused by §-lactamase 
producing strains of 3. melaninogenicus; Enterobacter spp. (including 
E. cloacae’), Eschenchia coli, Klebsiella pneumoniae, Staphylococcus 
aureus, and Staphylococcus epidermidis 

While TIMENTIN is indicated only for the conditions listed above 
infections caused by ticarcillin susceptible organisms are also 
amenable to TIMENTIN treatment due to its ticarcillin content 
Therefore, mixed infections caused by ticarcillin susceptible organisms 
and 8-lactamase producing organisms susceptible to TIMENTIN 
should not ic the addition of another antibiotic. 

ADVERSE REACT!ONS: As with other penicillins, the following 
adverse reactions may occur: Hypersensitivity reactions: skin rash, 
pruritus, urticaria, arthralgia, myalgia, drug fever, chills, chest 
discomfort, and anaphylactic reactions. Central nervous system: 
headache, giddiness, neuromuscular hyperirritability or convulsive 
seizures. Gastrointestinal disturbances: disturbances of taste and 
smell, stomatitis, flatulence, nausea, vomiting and ciarrhea, epigastric 
pain. Hemic and Lymphatic systems: throm ocytopenia, leukopenia, 
neutropenia, eosinophilia and reduction of hemoglobin or hematocrit. 
Prolongation of prathrombin time and bleeding time Abnormalities 
of hepatic and rena! function tests: elevation of serum aspartate 
aminotransferase (SGOT), serum alanine aminotransferase (SGPT), 
serum alkaline phosphatase, serum LDH, serum bi irubin. Rarely, 
transient hepatitis and cholestatic jaundice-as with some other 
penicillins and some cephalosporins. Elevation of serum creatinine 
and/or BUN, hypernatremia. Reduction in serum potassium and uric 
acid. Local reactions: pain, burning, swelling and induration at the 
injection site and thrombophlebitis with intravenous administration. 
Overdosage: As with other penicillins, TIMENTIN in overdosage has 
the potential to cause neuromuscular hyperirritab lity or convulsive 
seizures. Ticarcillin may be removed from circulation by hemodialysis. 
The molecular weigit, degree of protein binding and pharmacokinetic 
profile of clavulanic acid together with information from a single 
patient with renal insufficiency all suggest that this compound may 
also be removed by nemodialysis 

CONTRAINDICAÁHONS: TIMENTIN is contraindicated in patients 
with a history of oir erat reactions to any of the penicillins 

WARNINGS SERIOUS AND OCCASIONALLY FATAL 
HYPERSENSITIVITY (ANAPHYLACTOID) REACTIONS HAVE BEEN 
REPORTED IN PATIENTS ON PENICILLIN THERAPY. THESE 
REACTIONS ARE MORE LIKELY TO OCCUR IN INDIVIDUALS WITH A 
HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR A HISTORY 
OF SENSITIVITY TO MULTIPLE ALLERGENS. THERE HAVE BEEN 
REPORTS OF INDIVIDUALS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE REACTIONS 
WHEN TREATED W!TH CEPHALOSPORINS. BEFORE INITIATING 
THERAPY WITH TIMENTIN, CAREFUL INQUIRY SHOULD BE MADE 
CONCERNING PREVIOUS HYPERSENSITIVITY REACTIONS TO 
PENICILLINS, CEPHALOSPORINS, OR OTHER DRUGS. IF AN 
ALLERGIC REACTION OCCURS, TIMENTIN SHOULD BE 
DISCONTINUED AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE 
EMERGENCY TREATMENT WITH EPINEPHRINE. OXYGEN, 
INTRAVENOUS STEROIDS, AND AIRWAY MANAGEMENT, INCLUDING 
INTUBATION, SHOULD ALSO BE PROVIDED AS INDICATED. 

PRECAUTIONS: While TIMENTIN possesses the characteristic low 
toxicity of the penicillin group of antibiotics, organ system functions 
should be assessed periodically during therapy. 

Bleeding manifestations have occurred in some patients receiving 
8-lactam antibiotics. These reactions have beer associated with 
abnormalities of caagulation tests such as clotting time, platelet 
aggregation and prothrombin time and are more likely to occur in 

atients with renal impairment. If bleedin mani'estations appear, 
IMENTIN treatment should be discontinued and appropriate therapy 
instituted 

TIMENTIN has cniy rarely been reported to cause hypokalemia 
Periodic monitoring of serum potassium may be advisable in patients 
receiving prolonged therapy 

Pregnancy (Category B): Reproduction studies have been 
performed in rats given doses up to 1050 mg/kg/day and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
TIMENTIN. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reprocuction studies are 
not always predictive of human response, this drug should be used 
during pregnancy orly if clearly needed 

DOSAGE AND ADMINISTRATION: TIMENTIN should be 
administered by intravenous infusion (30 min.). Usual recommended 
dose for systemic and urinary tract infections for average (60 kg) 
adults is 3.1 Gm TIMENTIN (4.1 Gm vial containing 3 Gm ticarcillin 
and 100 mg clavulanic a ced every 4 to 6 hours. For gynecologic 
infections TIMENTIN should be administered as follows: Moderate 
infections 200 mg/kg/day in divided doses every 6 hours and for 
severe infections 300 mg/kg/day, based on ticarcillin content, in 
divided doses every 4 hours. For patients weighing less than 60 kg, 
the recommended oosage is 200-300 mg/kg/day, based on ticarcillin 
content, given in divided doses every 4 to 6 hours. In urinary tract 
infections, a oon z- of 3.2 Gm TIMENTIN (3.2 Gm vial containing 3 
Gm ticarcillin and 200 mg clavulanic acid) given every 8 hours is 
adequate. Please see official package insert for details on dosages for 
Mia patients, including those with renal insufficiency, and directions 
or use 

SUPPLIED: 3.1 Sm and 3.2 Gm Standard Vials; 3.1 Gm and 3.2 
Gm Piggyback Bottles: 31 Gm Bulk Pharmacy Package; 3.1 Gm ADD- 
Vantage™ Antibiotic Vial 
*Efficacy for this organism in this organ system was studied in fewer 
than 10 infections 7548/H-BS ©1990, Beecham Laboratories 


Reference: 
1. Data on file, Medicai Department, SmithKline Beecham Pharmaceuticals 


Some interruptions 
demand your attention. 


The interruptions caused by uncontrolled high blood pressure at yeur 
worksite can be enormous and costly. In business terms, just consider 
the absenteeism, disability and payments of insurance claims. And in 
human terms, just consider that a lot of people have lost their lives to 
high blood pressure. 


So it makes good business sense to start a blood pressure control pro- 
eram where you work. Not only will it help your employees control 
their high blood pressure, it will tell them that you care. And that can 
be good for business. 


Talk to us about starting a worksite high blood pressure 
control program. 


HIGH BLOOD PRESSURE CONTROL PROGRAM 


Better For Business. 


The National High Bloog 
Pressure Education Program: 
The National Heart, Lung, 
and Blood Institute; National 
institutes of Health; Public 
Health Service; U.S. 
Department of Health amd 
Human Services 
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* Infection due to cytomegalovirus is a substantial cause of 
morbidity and mortality in immunocompromised patients. In par- 
ticular, cytomegalovirus infection has been associated with a 

. .. Significant detrimental effect on patient and allograft survival 
after solid-organ transplantation. We areevaiuating a new antivi- 
* ^^ ral agent, ganciclovir 9-[1,3-dihydroxy-2-2 propoxymethy!] gua- 

-o nine (DHPG), used in solid-organ transplant reciplents who de- 
veloped life-threatening cytomegalovirus infections. Between 
March 1, 1987, and June 30, 1989, we treated 93 solid-organ 
transplant patients who developed tissue-invasive cytomegalo- 
virus disease. From this group of patients we have identified 14 
patients with primary gastrointestinal cytomegalovirus disease 
who received treatment with DHPG. Tissue diagnosis was made 
by endoscopy of the upper gastrointestinal tract (11 patients) or 
colonoscopy (three patients). Invasive cytomegalovirus disense 
was identified prior to severe complications of the gastrointesti- 
nai tract in all but one patient, who suffered colonic perforation 
prior to treatment with DHPG and subsequently died of bacterial 
sepsis. While 13 cf the 14 patients improved after treatment with 
DHPG, four patients required additional treatments for recurrent 
cytomegalovirus disease and recovered. No:DHPG toxicity was 
observed. We believe treatment with DHPG is indicated in this 
patient population, but that further studies are indicated to fully 
define the impact of this recommendation on both patient and 
allograft survival after solid-organ transplantation. 

(Arch Surg. 1991;126:202-206) 


nfection due te cytomegalovirus (CMV) is a substantial 

cause of morbidity and mortality in immunocompromised 
patients. In particular, CMV infection has been associated 

-= with a significant detrimental effect on patient and allograft 
c survival after solid-organ transplantation. * Previous studies 
-~ have documented an increased incidence of CMV disease in 
_ CMV-seronegative patients receiving organs from CMV-ser- 
- opositive donors, recipients of cadaveric organs, and individ- 

; uals requiring antirejection therapy.** Cytomegalovirus dis- 

_ ease has also been increasingly recognized as a significant 
-pathogen in patients infected with the human immunodefi- 





- ciency virus (HIV). The commonly described signs and symp- 


- toms of CMV disease are fever, malaise, lethargy, leukope- 
nia, and dyspnea, and most studies have documented that 
. CMV-related pneumonitis accounts for most occurrences of 
` these symptoms.“ 

-Infection with CMV, however, can involve many different 
organs and cause hepatitis, pancreatitis, retinitis, gastroin- 
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testinal (GI) bleeding, multiple system organ failure, and 
death. Few studies have documented a specific subset of 
patients with GI manifestations of CMV disease, although 
sporadie occurrences of these manifestations have been re- 
ported. ™" Previously documented cases have established 
that CMV disease of the GI tract ean produce GI ulceration 
with massive bleeding, perforation, or both, of either the 
upper or the lower GI tract. The mortality caused by CMV 
disease to the GI traet has been reported to be more than 
8396." Our study examines the incidence and manifestations 
of CMV disease to the GI tract and discusses clinical outcomes 
in patients who underwent solid-organ transplantation at the 
University of Minnesota Hospitals, Minneapolis, and subse- 
quentiy developed CMV disease. Because of the extremely 
high mortality associated with CMV disease to the GI tract, 
all patients were treated with the antiviral agent ganciclovir 
9-[1,3-dihydroxy-2-2 propoxymethyl] guanine (DHPG; Syn- 
tex Research, Palo Alto, Calif), which is known to significant- 
ly combat CMV activity.” 


PATIENTS AND METHODS 


Patient Demographics 
and immunosuppressive Regimens 


Between March 1, 1987, and June 30, 1989, 613 organ transplants 
were performed at the University of Minnesota Hospitals in Minne- 
apolis. The numbers of organ transplants were as follows: kidney 
(323), combined kidney and pancreas (71), pancreas alone (64), liver 
(72), heart (74), combined heart and lung (six), and lung alone (three). 
The immunosuppressive regimen was slightly different for each allo- 
graft group. Recipients of kidneys from living, related donors (LRDs) 
were administered oral cyclosporine A in dosages of 10 mg/kg of body 
weight-per day for two days prior to transplantation, and then given 
cyclosporine A in doses of 8 mg/kg of body weight per day thereafter. 
Transpiant patients who received eadaveric kidneys were adminis- 
tered evclosporine A 5 days after transplantation. If evidence of renal 
dysfunction was present, administration of oral cyclosporine A was 
withheid or begun at only low dosages (1 to 8 mg/kg of body weight 
per day) until the patient's serum creatinine level was less than 270 
pmol/L. Patients with cadaveric pancreas and kidney-pancreas 


transplants were administered cyclosporine A intravenously in dos- 


ages of 3 mg/kg of body weight per day during the first 5 to 7 days 


after transplantation. Starting 8 days after transplantion, and for up 


to the next two days, these patients were adjusted to therapy with | 
oral cyclosporine A while dosages of intravenous cyclosporine A were 
graduaily reduced. Concentrations of cyclosporine A in whole blood 
were measured by high-pressure liquid chromatography. We at- 
tempted to maintain cyclosporine A levels of 200 to 250 mg/L during 
the first 3 months after transplantation, 150 to 200 mg/L from 3 to 6 
months after transplantation, and 100 to 150 mg/L thereafter. Our 
goal was to maintain serum concentrations of cyclosporine A near the 
high end of these ranges for recipients of pancreas or kidney-pancreas 
allografts and toward the midrange for recipients of kidney allografts 
alone. 
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day) was begun on the day of transplantation, and the dosage was 
-. gradually reduced so that within 2 weeks of transplantation for 
-recipier  LRD organs and on the next day for recipients of 
adaverie organs, 2.5 mg/kg of body weight per day was adminis- 
tered. If leukopenia occurred, the dosage was reduced. Prednisone 
_ therapy was also begun on the day of transplantation. Recipients of 
- organs from HLA-identical LRDs were administered 0.5 mg/kg of 
body weight per day. Recipients of kidneys from non-HLA-identical 
uRDs were administered 1.0 mg/kg of body weight per day, as were 
recipients of cadaveric kidneys and pancreases, whether alone or in 
combination. Dosages were gradually reduced so that by 12 weeks 
after trans; plantation, recipients of organs from HLA-identical LRDs 
'e administered 0.25 mg/kg of body weight per day, and recipients 
of cadaveric kidneys and organs from non-HLA-identical LEDs, 0.3 
mg/kg of body weight per day. 
Either Minnesota antilymphocyte globulin (20 mg/kg of body 
weight per day) or Ortho murine monoclonal antibody OKT3 (5 mg/d) 
was administered for 7 days to patients who received cadaveric 
= kidneys, for 10 days to patients who received both cadaveric kidneys 
and pancreases, and for 14 days to patients who received cadaveric 
pancreases as initial induction therapy to prevent rejection. A ran- 
domized, renblinded trial to study the effects of antilymphocyte 
globulin ard OKT3 in these patients is ongoing. The protocol for 
immunosuppression of liver recipients was similar to that described 
above for patients who received cadaveric kidney-pancreas trans- 
plants." The protocol for i immunosuppression of recipients of heart 
allografts has been described elsewhere" and differed in that the 
steroid dose was much lower, while recipients of lung allografts did 
not receive steroids for 3 to 4 weeks after transplantation. Episodes 
of organ rejection were treated with prednisone and either antilym- 
phocyte globulin or OKT3 in doses equivalent to those used for 
immunosuppression at induction. 


CMV Diagnosis and Treatment 


Donor ard recipient serum was obtained before organ transplanta- 

tien, and anti-CMV antibody titers were measured by latex aggluti- 

— mation. Ànti-CMV antibody titers from organ recipients were also 

measured | month after transplantation. A patient was considered 

ee seropositive if the initial titer measured greater than 4. Seroconver- 

sion was considered to have occurred if the titer was initially 0 and 

zs was subsequently greater than 4. Blood and urine samples were 

: examined for cultural evidence of baeteria, fungus, virus, and CMV 

using the immunofluorescence CMV rapid antigen technique when a 

patient was admitted to the hospital or visited the clinic because of 

feverorany symptom or sign attributable to CMV infection. Cultures 

of fibroblasts were grown using routine procedures and examined for 

lytic activity. The CMV rapid antigen assay was performed by cultur- 

ing the fibroblastic specimens for 18 to 36 hours. Specimens were then 

centrifuged, stained with an immunofluorescence-labeled anti-CMV 

specific murine monoclonal antibody, and examined using immunoflu- 

^  . orescence microscopy. If a patient developed abdominal pain or evi- 

7*9"... dence of GI bleeding, but no evidence of a perforation of a viscus was 

^. present on an abdominal roentgenogram, endoscopy or colonoscopy 

was performed and a GI mucosal biopsy specimen obtained. These 

00. specimens and biopsy specimens of the lungs, liver, or kidneys were 

-... Bübjected to the above analyses and examined for CMV inclusion 
ERAS bodies. E 

s Dosages: of DHPG were determined from serum creatinine levels 

















and dministered intravenously for 14 days. Dosages were adjusted 

in consideration of renal dysfunction: 

Serum Creatinine Level, Dosage of DHPG, 

pmol/L — mg/kg of Body Weight 
«120 5.0 every 12h 
130-220 2.5 every 12h 
230-490 2.5 every 24h 
>400, Patient not 1.25 every 24h 
receiving dialysis 
= >400, Patient receiving 1.25 every 48h 








dialysis 
psage was also reduced or the drug temporarily withheld if 
as indicated by a white blood cell count of less than 


4, or thrombocytopenia, as indicated by a platelet count 
-1x 10°/L, occurred. Patients were observed for signs or 
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Therapy with azathioprine sodium (5 Esos of body "in per 






Table 1.— Clinical Symptoms in 14 Patients Ni h 
Tissue-Invasive Cytomegalovirus Disease 








Abdominal pain 
Fever 

Diarrhea 
Gastrointestinal bleeding 
Malai 












Nausea/anorexia 
Weight loss 
Intraperitoneal free air 


Characteristic 


Sex, No. M/F 
Mean age, y (range) 
History of prior gastrointestinal EE 
disease, No. of recipients E Qc 
Donor/recipient anti-cytomegalovirus 
serology before transplant, No. of 
recipients (n= 10) 
D+/R— 
D+/R+ 
D -/R- 
D-/R«4 














*D indicates donor, and R, recipient. 


symptoms of CMV infection. Thirty-day clinieal improvement was 
defined as resolution of symptoms and signs associated with MV © 
infection. Patients suspected to have recurrent CMV disease under- — — 
went second endoscopies, colonoscopies, and/or bronchoalveolar la- 

vage biopsies to confirm the diagnosis of recurrent CMV disease. 


CMV Infection and Disease Definitions 


Evidence of tissue-invasive (TI) CMV disease was based on initial 
complaints of fever, malaise, dyspnea, abdominal pain, or leukapenia 
(white blood cell count «0.008 x 10°/L), and evidence of a positive ` 
CMV rapid antigen test, positive CMV culture, or CMV incusion. = 
bodies was based on examination of material obtained from bronchos- | — 
copy, liver biopsy, endoscopy of the upper GI tract, eolonoseoby, or. 
surgery. Patients with fever or leukopenia alone were defined as 
having CMV infections, as were patients with rising titer measure- ^. 
ments of serum CMV; positive CMV urine cultures, blood cultures; or - .— . 
rapid antigen test results; or both. Patients with TI-CMV disease — 
involving the GI tract constituted the GI-CMV group. 


RESULTS 


Demographic Characteristics 
of Patients With GI-CMV Disease 


Between March 1, 1987, and June 30, 1989, 93 patients who 
underwent solid-organ transplants developed TI-CMV dis- 
ease. In this group, 14 developed GI-CMV disease. Ten pa- | 
tients developed GI-CMV disease without extraintestinal EU 
CMV disease, while four patients developed GI disease in 
association with either TI-CMV pneumonitis (three patients) : 
or TI-CMV hepatitis (one patient). Of the 14 allograft recipi- 
ents, eight received kidneys; two, kidneys and pancreases;. 
two, livers; and two, hearts. The mean period after which TI. 
GI-CMV disease developed was 5.2 months (range, 2 days to 
27 months) after transplantation. One patient developed GI- 
CMV disease 9 years after transplantation. Seven patients . 
rejected their allografts (mean number of rejections, 2.5; = 
range, one to five) and subsequently ceveloped GI-CMV pe 
disease. These seven patients treated for organ rejection - 
developed GI-CMV disease a mean period of 4.5 menths = 
Pit 1 to 12.5 months) after therapy with antirejection | =- 

gs. 
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Biopsy Site Type of Mucosa 
(No. of petients) | {No.of patients) 
Stomach (7) Erythematous plaques (4) 
Punctate ulcer (2) 
Erythematous polyp (1) 
Antrum (1) Linear ulcer (1) 
Pylorus (1) Erythematous plaque (1) 
Duodenum (2) Ulcer larger than 1 cm (2) 
Colon (3° Punctate ulcerative lesion (3) | 
Presenting Symptoms and Signs 
and Diagnosis of GI-CMV Disease 


The clinical characteristics of the patients with TI-CMV 
disease are summarized in Table 1. More than two thirds of the 
patients presented with abdominal pain, while fever, diar- 
rhea, GI bleeding, malaise, nausea, anorexia, and weight loss 
were also common. The mean age of patients with GI-CMV 
disease was 42.2 years (range, 30 to 60 years), and none of the 
patients reported previous GI disease or abdominal discom- 
fort prior to transplantation. Anti-CMV titers were available 
from 10 patients, and measurements cf the titers showed GI- 
CMV disease to have occurred in each of the donor-recipient 
serologic status groups (Table 2). 
: Specimens of GI mucosa were obtained for biopsy via upper 
-., GI endoscopy (11 patients), colonoscopy (two patients), or 
_ Surgery (one patient) The patient who required surgery 
_ Suffered colonic perforation secondary to GI-CMV disease, 
presented with acute abdominal pain, and had roentgeno- 
graphic evicence of z perforated viscus. Therapy with DHPG 
was begun after surgery. The diagnosis of GI-CMV disease 
was based on the pathologie observation of CMV inclusions in 
biopsy specimens cbtained from 13 patients. The immunoflu- 
orescence CMV rapid antigen detection assay was positive in 
all specimems examined and confirmed the diagnosis of GI- 
CMV disease in one patient whose specimen did not have 
. .. Inclusion bedies but who had clinical symptoms consistent 
— o. with this diagnosis (Table 3). In addition, results of the rapid 
antigen CMV tests indicated the diagnoses before the results 
of the pathologic evaluations were available. Therapy with 
DHPG was begun if either test identified evidence of CMV. 


Occurrerice of Concurrent Infections 


ell tolerated by all patients, and 
No patient developed leuko- 
in rash, or liver dysfunction. 
W vas observed in 13 of the 14 
--pätients after 14 days of ment with DHPG (Table 5). All 
_ patients were followed up for 15 months after treatment. Only 
one patient died. This patient had undergone heart transplan- 
tation and ceveloped colonic perforation secondary to CMV 
disease and diffuse abdominal peritonitis secondary to fecal 
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dist opatholagic Tests and Rapid Antigen: Immunofluorescence Assays in 





14 Patients - 
No. of Patients With 





Pilea Wit Positive Results of 
inclusion Bodies Rapid Antigen Testing 
6 7 
1 1 
1 1 
2 2 
3 3 





Table 4. — Concurrent Infections That Developed in Nine 
Patients With Gastrointestinal Cytomegalovirus Disease 











No. of 
Patients 






Condition 





Pneumonia 
Cytomegalovirus 
Herpes simplex virus 
Pneumocystis carinii and Escherichia coli 
Streptococcus fecalis 

Hepatic cytomegalovirus 

Herpes simplex virus to the lips 

Esophageal Candida albicans 
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spillage, leading to gram-negative sepsis. He died of multiple 
system organ failure. An autopsy did not identify CMV inclu- 
sion bodies, but the immunofluorescence CMV rapid antigen 
test was positive with pulmonary tissue and negative with 
colonie tissue. No patients suffered adverse reactions to 
DHP3G, and all patients improved after 14 days of treatment. 


Recurrence of CMV Disease 


Four patients (two with cadaverie kidneys, one with a 
kidney from an LRD, and one with a cadaveric kidney and 
pancreas) required additional treatment for recurrent CMV 
disease after developing shortness of breath (two patients) or 
bleeding ofthe upper GI tract (two patients). Recurrent CMV 
disease was established by bronchoscopy (two patients) or 
endoscopy of the upper GI tract (two patients). Three of the 
four patients underwent antirejection therapy prior to devel- 
oping’GI-CMV (mean number of rejections, 3.3; range, two to 
five) (Table 6). The mean time between completion of therapy 
with DHPG and recurrence was 28 days (range, 27 to 31 
days). One recipient of a kidney-pancreas allograft required 
treatment for four episodes of CMV-related pneumonitis dur- 
ing several months. This patient’s symptoms completely re- 
solved with each 14-day course of DHPG, and the patient 
remained free of CMV disease after the fourth treatment 
course. 


COMMENT 


The absence of immunosuppressive agents that produce 
prolonged acceptance of an organ allograft without concur- 


rently depressing host defenses against viral, bacterial, fun- 


gal, and parasitic pathogens means that more than 40% of 
patients experience infection after transplantation. ?* Cyto- 
megaiovirus infection still frequent!y occurs after solid-organ 
transplantation, particularly in patients who receive cadaver- 
ic organs or require antirejectior therapy. The increased 
incidence of CMV infection in these patient groups is probably 
due tc the increased cumulative doses of immunosuppressive 
drugs that they receive compared with recipients of well- 
matched allografts from LRDs who neither require large 
maintenance doses of immunosuppressants nor suffer high 


rates of allograft rejection." 


Cytomegalovirus Disease — Mayoral et al E 


Table 5.— Results of Treatment With DHPG in 14 Patients With Tissue-Invasive Cytomegalovirus Disease” 


No. of 
Rejection 
Episodes 


Organ 
Transplanted 


| _Cadaveric kidney (n =8) 
>f Kidney from living, related donor (n — 2) 
^ Combined kidney and pancreas (n2) — — 
— Liver (n= 2) | 


‘Total 
SDHPG indicates gangiclovir 9-[1,3-dihydroxy-2-2-propoxymethyl] guanine. 


Kidney from living, related donor 


No. 
1 
2 Cadaveric kidney 2 


4 c Combined kidney and pancreas 3 


No. of Cases of 
Toxicity 


Cadaveric kidney Q 2 28 Gl tract Ki 
a a See: 


No. of Recurrences 
of Tissue-Invasive 
Cytomegalovirus Disease 





No. of Treatments 


With DHPG 
After Discharge 





2 31 


4 24 ng 


*DHPG indicates gangiciovir 9-[1 .3-dihydroxy-2-2-propoxymethyl] guanine, and Gi, gastrointestinal. 


Many studies have definec the incidence, type of presenta- 
tion, and impact of CMV infection in recipients of solid-organ 
transplants. Most studies have separated patients into 
groups based on either appearance of clinical symptoms or 
— signs (eg, fever, lethargy, malaise, dyspnea, leukopenia, and 
^. hypertension) or serologic or cultural evidence of CMV. Re- 

sults of these studies have indicated that patients can develop 
| a speetrum of manifestations due to CMV infection ranging 
|: from asymptomatic infection to mild disease and a fulminant 
CMV syndrome consisting of hypotension, severe pneumoni- 





- tis, massive GI hemorrhage, multiple system organ failure, 
and death.’ The occurrence of this syndrome led to close 
< gerutiny of many aspects of this disease process. Three stud- 

ies^^^ first clearly defined this syndrome in relation to patient 
outcome and carefully stratified patients according tc clinical 
manifestations. Gastrointestinal CMV disease has occurred 
sporadically after solid-organ transplantation, and the severe 
manifestations have been lethal almost routinely. This dis- 
ease process was first clearly identified by Sutherland et al,” 

0. Who described GI-CMV disease involving the upper GI tract, 

"lower GI tract, or both. 

These studies, however, were hampered by the necessary 








eliance or elinieal signs and symptoms without the immedi- 

availability of results of serologic tests or cultures and by 
ilat agents with substan- 
the former initially 


the development of 























ji 


tions. Deter 
the course of CMV disease after transplantation, kowever, 
will probably require several years. We have recently insti- 
tuted a program whereby all recipients of solid-organ trans- 
. plants are closely scrutinized for the occurrence of CMV 

infection after transplantation. We have redefined CMV in- 
jon as either a greater than fourfold increase in arti-CMV 
n titers or a positive CMV culture from a blood or 
imen with or without clinical manifestations that 
attributed to CMV. We currently define TI-CMV 
ease as the development of clinical symptoms or signs 


















compatible with CMV infection, such as the identifieaton of . 
inclusion bodies or positive rapid antigen in specimens ob- — 
tained from specific organs. After identification of TI-ZMV . 
disease, we currently treat patients with DHPG for 14 days.” 
In this study, we identify a small group of patiente who 

developed abdominal illnesses due to TI-CMV disease. Most — 
presented with manifestations to the GI tract, often wizhout . 
extraintestinal evidence of CMV. Based on reports of high |— 
mortality in similar cases, we chose to treat all patients with > 
DHPG as soon as the diagnosis was established. This resulted > 
in resolution of GI-CMV disease and survival in 13 of 14 

patients. The deceased patient was the recipient of a heart. 

transplant who developed a severe septic manifestation of 

CMV infection (colonic perforation and massive hemorrhage) .. 
prior to administration of DHPG. Thus, this patient was not à 





treatment failure. Changes in our protocols for immunosup- TURO 
pression or CMV itself and improved diagnostic modalities | 
may have caused our results. Early identification and creats —— 
ment of GI-CMV disease may blunt the severe initial manifes- ^ 




















tations of the disease, and disease recurrence may be part of — 
the disease process. The recurrence of CMV infection may be 
more easily recognized because patients now survive initial 
infection, only to develop a more indolent subclinical CMV 
disease process. 

Based en our results, clinicians must suspect Ti GL-CMV 
disease in any recipient of a solid-organ transplant who devel- 
ops fever, abdominal pain, diarrhea, nausea, vomiting, or 
evidence of GI bleeding. Endoscopy of the upper GI tract, 
colonoscopy, or both, must be considered, and biopsy mast be 
performed on material from any area suspected of macosal 
ulceration. Pathologic examination and rapid antigen detec- 
tion shouid be performed and extragastrointestinal sites of. 
CMV disease should be sought. We believe that treazment. 
with DHPG is indicated in this patient population, but that 
further studies are indicated to fully define the impact of this. 
recommendation on both patient and allograft survival after 
solid-organ transplantation. x 


This work was supported in part by Program Project Grant DK13983 
Research Career Development Award GM00517 (Dr Dunn) from the Nati 
Institutes of Health, Bethesda, Mà. "m 
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Discussion 


CARL NOHE, MD, PHD, Montreal, Quebec: This study, a review of 
a selected subset from a prospect of open-label treatment protocol, 
demonstrates -hat GI-CMV infection is a definite clinical entity. Are 
data available, perhaps based an the indications for endoscopy, that 
indieate what percentage of soÉd-organ transplant patients who de- 
veloped GI symptoms are likely to have invasive CMV infection as the 
underlying cause? Was there any experience with extrahepatic bili- 
ary tract CMV infection? Is there any explanationin this study for the 
apparent predilection of CMV for the upper GI tract? 

WILLIAM S. BLAKEMORE, MD, Birmingham, Ala: What is the 
incidence and r»ortality of CMV infection? 

RICHARD J. HOWARD, MD, PHD, Gainesville, Fla: In our experi- 
ence, CMV infection of the intestinal tract after transplantation 
usually occurred sooner after transplantation than in the present 
study and was asually ir. the colon rather than in the upper GI tract. 

PHILIP S. BARIE, MD, New York, NY: Is there a possible benefi- 
cial effect of combining DHPG with CMV immunoglobulin to prevent 
and/or control viral infeetions? 

ROBERT J. &TRATTA, MD, Omaha, Neb: Is there an explanation 


| The extensive transplant experience at Minnesota has allowed 
.| characterization of the GI manifestations of CMV infections, one of 
| the less common but more serious forms of CMV disease. Successful 







ng, since an 83% mortality has been reported for 





(most commonly of the lung). The result is 
| about 25% mertality. It is now widely agreed that ganciclovir can 
decrease this mortality striki igly. For example, all 36 patients re- 
cently treatec with ganciclovir in a Pittsburgh (Pa) hospital sur- 
‘vived.’ Many groups now advocate prompt administration of this 
relatively nonzoxic agent to ali patients with CMV infection rather 
than reserving it for those with tissue invasion. 
Cytomegalcvirus infections also seem to have-an adverse effect on 
.. | allograft surv-val, possibly by increasing expression of class I histo- 
>o | compatibility antigens. Severa! strategies have been used to prevent 
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for the frequent late appearance of invasive CMV infection in these 
patients? Since we began using CMV prophylaxis in our program, we 
are seeing a higher frequency of gastrointestinal CMV disease. 

RICHARD L. SIMMONS, MD, Pittsburgh, Pa: In another study, 
bronchascopy and bronchoalveolar lavage was done on every trans- 
plant patient with fever and frequently produced a diagnosis of CMV 
disease. Could the same diagnosis be produced using endoscopy of the 
upper CI tract with biopsy? 

DR MAYORAL: The indications for endoscopy were the presence of 
significant symptoms. Therefore, it is not possible to say how many of 
all transplant patients with any abdominal symptoms had GI-CMV 
infections. Second endoscopies were performed only when old symp- 
toms persisted or new ones appeared. We have no experience with 
CMV infection to the extrahepatic biliary tract. Morbidity and mor- 
tality of CMV infection will be reduced by current treatment strate- 
gies, such as the combining of CMV hyperimmune globulin with 
DHPG. A hypothesis explaining the upper GI predilection and differ- 
ent time frames in different centers could be that the CMV virus has 
multiple variants. 


Invited Commentary 


CMV infection, but their effectiveness is controversial. Avoiding 
transplants from CMV-seropositive donors (at least to CMV-serone- 
gative reeipients) is logical but would exclude most donors because 
most adults are CMV-seropositive. Minimizing immunosuppression 
decreased the likelihood of severe disease, Cyclosporine has helped in 
this regard, but the problem has been intensified by the widespread 
use of potent monoclonal and polyclonal anti-T-cell antibodies. Al- 
though prophylaxis with attenuated vaccine, immunoglobulin, and 
acycloviris being studied, none of the three have prevented CMV 
disease. High doses of acyclovir, however, have decreased the inci- 
dence of severe illness. Combinations of these agents or ganciclovir 
may prove to be useful prophylaxes. Treatment of established infec- 
tions of the GI tract and other areas is effective (as this study 
demonstrates) and should be employed. 
CLYDE F. BARKER, MD 
Philadelphia, Pa 
1, Hrebmko R, Jordan M, Dummer 3, et al. Therapeutic use of ganciclovir for 
invasive cytomegalovirus (CMV) infection in renal allograft recipients. In: 
Symposium and poster abstracts of the 18th international congress of the 
Transplantation Society; August. 19-24, 1990; San Francisco, Calif: Abstract 19. 
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.. Mesenterie Hypoperfusion as an Etiologic Factor 


Mitchell P. Fink, MD; Jan B. Antonsson, MD; Hailong Wang, MD; Heidie R. Rothsehild 


e infusing pigs with lipopolysaccharide (LPS) decreases su- 
perior mesenteric artery blood flow (Qsma), suggesting that 
mesenteric hypoperfusion may be responsible for LPS-induced 
alterations in gut mucosal permeability. To test this hypothesis, 
we studied four groups of anesthetized swine. Group 1 animals 
(N= 6) were infused with LPS (250 ug/kg over 1 hour beginning at 

ee 60 minutes) and continuously resuscitated with Ringer's lactate 

+ . (48 mL/kg per hour). In group 2 (N=5), Qsma was decreased by 

- 50% by means of a mechanical occluder to mimic the LPS- 
induced elterations in Qsma observed in group I. Group 3 (N= 5) 
|. was include ument our ability to detect schemia/reperfu- 







dtod 
uced alterations in mucosal permeability; in these pigs, 
decreased in steps to zero flow (at 1 50 to 210 minutes) 
then perfusion was restored (at 210 to 270 minutes). Pigs in 
ip 4 (N = 6) served as normal controls; these animals were 
resuscitated with Ringer's lactate at the same rate as in group 1 

but were not infused with LPS. To assess mucosal permeability, 

we measured plasma-to-lumen clearances for two markers, chro- 

mium §1-labeled edetic acid monohydrate (EDTA) and urea. 
Loading and maintenance infusions of the markers were given 
intravencusly, and a 20-cm isolated segment of smail intestine 

was continuously perfused at 2 mL/min with Ringer's lactate at 

37°C. Results were expressed as the ratio of the clearances for 

ik the two probes (Cyom/Cynes> In group 3, Ceora/Cunga was 
y' . 9999,-35596 of baseline at 270 minutes. In group 1, Ceors/Cunea 
os ^ was 572% + 235% of baseline at 270 minutes. in groups 2 and 4, 
> however, Cus Curea did not change significantly from the base- 
fine value over the duration of the study. These data suggest that 
. fnereased mucosal permeability after LPS is due to factors other 

— than (or in addition to) mesenteric hypoperfusion. 
— ^ (Arch Surg. 1991;126:211-218) 









A. though the primary function ofthe gastrointestinal (GI) 

[M tract is the absorption of nutrients, the mucosal lining of 
the gut also functions as an important barrier limiting the 
egress of luminal microbes and microbial products into mesen- 
terie veins and lymphatics. Numerous recent studies have 
documented that the barrier function of the GI tract is de- 
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ranged in experimental animals and humans by a variety of = 
pathologic insults, including hemorrhage, intestinal obstruc- |... 
tion? immunosuppression,’ thermal injury,” nonthermal |. 
trauma,’ sepsis," radiation injury," and endotoxieosis."" In = 
these studies, the functional integrity of the GI tract mucosal 
barrier has been assessed either by (1) measuring the perme- - 
ability of the intestine to various marker substances or (e 
determining the extent of translocation (ie, themovementof — 
viable luminal microbes across grossly intact epithelium into ——— — 
mesenteric lymph nodes, other organs, or biood). GU 
The mechanisms responsible for alterations in the barrier 
function of the GI tract in sepsis, endotoxicosis, and trauma = 
are incompletely understood, although recently reported data 
suggest that one important factor may be mesenteric isch- |... 
emia. Morris et al” showed that superior mesenteric artery - P 
(SMA) blood flow (Qsma) decreases and bacterial trarsloca- 
tion increases in sheep subjected to combined cutaneous ther- 
mal and smoke inhalation injury. These investigators subse- 
quently showed that translocation is largely preventedinthis | 
model if Qsma is preserved by infusing the SMA withsodium = 
nitroprusside, a potent vasodilator." In the same study, these o 
investigators observed increased transloestion when a me- : 
chanical occluder was used in normal sheepto decreaseQsma ^ — 
by approximately the same amount as occurs after thermal —— — 
injury plus smoke inhalation. We" and others"? reported 
that Qsma is also significantly decreased in experimental 
sepsis or endotoxicosis, even when cardiac output is normalor 
elevated. In addition, we showed that lipopolysaecharide . 
(LPS)-induced mesenteric hypoperfusion in pigs is associated | 
with the development of ileal mucosal acidosis,""" a finding 
that suggests that the decrease in Qsma in this model i 
sufficient to render the intestine ischemic. » 
The primary purpose of the present study was to investi 
gate further the notion that mesenteric hypoperfusion is an 
etiologie factor contributing to deranged mucosal barrier 
function in experimental endotoxicosis. We assessed mucosal 
permeability by measuring changes in the plasma-to-lumen - 
clearance of chromium 51-labeled edetie acid monohydrate 
(Cr-EDTA), using a modification of the method deseribed by. 
Crissinger and Granger.” A secondary goal of the presen 
study was to determine if the presence of ileal mucosal aci 
sis predicts the presence of altered mucosal permeability : 
the setting of endotoxicosis or ischemia. os 
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S AND METHODS - 


- Theexperiments described in this article wereperformed in adher- 
ence with National Institutes of Health guidelines for the use of 
experimental animals in research. The protocol was approved by the 

Institutional Review Board for animal experimentation at the Uni- 
versity of Massachusetts Medieal Center, Worcester, 


Surgical Procedures 


. Male, immature, random-bred Yorkshire pigs (10.2 to 18.8 kg) 
Were anesthetized with intramuscular ketamine hydrochloride 
(1 mg/«g) and intravenous pentobarbital sodium (17 mg/kg). A tra- 
 Cheostomy was performed and the animals were ventilated with 50% 
nitrous oxide/50% oxygen at 2 tidal volume of 10 mL/kg. The respira- 
tory rate was adjusted to maintain arterial PCO, at 40+5 mm Hg. 
Anesthesia was maintained with a continuous infusion of pentobarbi- 
tal sodium (1.75 mg/min) and pancuronium bromide (0.035 mg/min). 
Heating pads and blankets were used to maintaincore body tempera- 
ture at39.0+ 0.5?C. 

Polyethylene catheters (PEWO) were positioned in the inferior 
© vena cava and sbdominal aorta via bilateral femoral cutdowns. A 2.5F 
. thermistor-tipped catheter (Edwards Critical Care Division, Baxter 
. Healtheare Corp, Irvine, Calif) was advanced into the thoracic aorta 
via a femoral ertery. A 3.0F ea:heter for cardiac output determina- 
tions was introduced into the right atrium through the right external 
_. jugular vein, exposed via a cervical cutdown. 

A midline celiotomy was performed, and a 4- to 6-mm ultrasonic 
flew probe (Transonic Systems Ine, Ithaca, NY) was positioned 
around the SMA, close to its origin from the aorta. The probe was 
connected to a previously calibrated blood flow meter (Transonic 
Systems model T101). In some experiments, a snare occluder was 
placed around the SMA, just proximal to the flow probe. A catheter 
' (PE90) was threaded into the superior mesenteric vein. A tonometric 
: catheter (Tonometrics Inc, Worcester) was positioned in the lumen of 
the micileum via a small antimesenteric enterotomy and secured in 
place with a pursestring suture. An umbilical tape was tied around 
the bowel a few centimeters distal to the enterotomy for the tonome- 
.. ter, anc a second umbilical tape was similarly placed 20 cm distal to 
the first one. Via small antimesenteric enterotomies, catheters (ccn- 
sisting of intravenous administration set tubing) were placed into the 
lumen cf the proximal and distal ends of the isolated loop of ileum. The 
enterotomies were rendered watertight with pursestring sutures. 





Hemodynamic Measurements 


Mear: systemic arterial pressure and central venous pressure were 
determined with the use of calikrated transducers (Transpae II; 
Sorensen, Abbett Laboratories, Nerth Chicago, ID driving an ampli- 
fier-monitor (Honeyweil) with digital readout. Cardiac output was 
measured by thermodilution by means of a computer (Edwards Model 
9520) and room-temperature saine (3.0 mL) as the injectate. The 
mean of triplicate determinations was recorded, and cardiac index 

(CD was calculated by dividing cardiac output by ‘body weight. Sys- 
. temic vascular resistance index GYRI) was calculated by the follow- 
ing equation: SVRI —- (mean arterial pressure ~ central venous pres- 
 SureyCI. The Qsma (in milliliters per minute) wasrecorded from the 
: digital readout en the flow meter. 


Calculation of Meserteric Oxygen Transport 


_ Oxygen contents (milliliters per deciliter; Co,) of blood samples 
obtained from the aortaand superior mesenteric vein were calculated 
according the following equation: Co,=(Po, 0008 mL/dL-mm 
Hg) + (hemoglobin x fractional hemoglobin saturation x 1.36 mL/g). 
Hemoglobin coneentration and fractional hemoglobin saturation 

rere determined by means of an oximeter (Model 282, Instrumenta- 


‘tion L iboratories, Lexingt: n, Mass). The Po, was determined witha 


















blood gas analyzer  (nstrumentation Laboratories model 
1302). Mesenteric oxygen delivery (Do,) and uptake (Vo,) were caleu- 


lated with the following equations: Do, = 0.01 x Qsma x Co, (aorta); 
VO, =0.91 x Qsma x [C6, (aorta) — CO, (superior mesenteric vein)]. 
| Estimation of lleal Intramucosal Hydrogen 

ton Concentration ([H ']) 
was estimated tonometrically as previously 
equation [H] = 


described, ^" with the use of the 
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24 x PCO, acj(HCO, 1, where the denominator is the concentration of 
bicarbonate ion in arterial blood and PCO, adj is the adjusted Pco, of 
saline aspirated from the balloon of the tonometer. To obtain Pco, 
adj, 1.0 mL of saline was aspirated from the tonometer and discarded 
to account for the dead-space volume of the device. An additional 1.5 
mL of saline was aspirated from the tonometer, and the PCO, was 
determined with a blood gas analyzer. The tonometer was recharged 
with a fresh (2,5-mL) aliquot of saline. This process was repeated 
every 38 minutes. Since equilibration of carbon dioxide between the 
gut lumen and the tonometer balloon is only 77% complete at 30 
minutes," the measured PCO, was adjusted as follows: PCO, 
adj = PCoJ0.77. 


Determination of Mucosal Permeability 


The lumen of the isolated loop of ileum was perfused continuously 
with warmed (87°C) Ringer's lactate (RL) at 2 mL/min. The effluent 
was collected into a graduated cylinder. Every 30 minutes, the vol- 
ume collected was recorded and the effluent for that period trans- 
ferred to a labeled plastic specimen container. At —30 minutes, the 
animals were infused intravenously with loading doses of "Cr-EDTA 
(EI DuPont de Nemours and Co, Boston, Mass) (approximately 
1.2.x 10° Bq in 10 mL of RL) and urea (Fisher Scientific, Fair Lawn, 
NJ) (800 mg/kg in 12 mL of RL). Sustaining infusions of "Cr-EDTA 
(approximately 3.3 x 10° Bq/h) and urea (150 mg/kg per hour) were 
Started at 0 minutes. 

From 0 to 270 minutes, arterial blood samples (7 mL) were col- 
leeted every 15 minutes into EDTA-containing (“purple-top”) tubes, 
which were stored on ice until the end of each day's experiment. The 
tubes were centrifuged (1500g for 15 minutes at 4°C), and 3.0 mL of 
plasma was pipetted into plastie tubes for subsequent measurement 
of "Cr-EDTÀ in a gamma counter (see below). The remaining plasma 
was aspirated and stored at 4°C for 24 to 48 hours until assayed for 
urea (see below). 

The (uncovered) plastic specimen containers containing the efflu- 
ent from the perfused loop of ileum were placed in an oven and 
evaporated to dryness over 48 hours at 55°C. The residual solids were 
redissolved in approximately 3 mL of distilled water, and the result- 
ing solution was transferred quantitatively into tared plastic tubes. 
The plastie tubes were weighed again and the volume of redissolved 
gut effluent was calculated, assuming unit specific gravity. 

The amount of "Cr-EDTA in 3.0 mL of plasma and in the entire 
volume of reconstituted gut effluent was measured by means of a 
well-type gamma counter (Beckman Biogamma ID. Samples from 
plasma and gut from the same experiment were always counted on 
the same day to avoid the need to make corrections for radicactive 
decay. Disintegrations per minute were typically about threefold to 
fourfold greater than background values in the samples with the 
lowest concentration of "Cr-EDTA, Concentrations of urea in plasma 
and gut effluent were measured with a commercially available spec- 
trophotometric assay kit (Fisher Scientific). 

The plasma-to-lumen clearances for "Cr-EDTA and urea for each 
30-minute clearance period were calculated by means of the fol- 
lowing equations, respectively: C,5,, - [ÜCr-EDTA,,/60 mL) x2 
mL/min]("Cr-EDTA, ../3. mL); and Cyne, = [(urea,,,, X vol, /60 
mL) x 2 mL/minj/urea,,,,..,, where Cepra is the plasma-to-lumen clear- 
ance (in railliliters per minute) for "Cr-EDTA, Corea is the plasma-to- 
lumen clearance (in milliliters per minute) for urea, "Cr-EDTA,,, is 
the quantity (in disintegrations per minute) of "Cr-EDTA in the 
reconstituted gut perfusate sample for the clearance period, "Cr- 
EDTA, , is the mean of the quantities (in disintegrations per min- 
ute) of “Or EDTA in the 3.0-mL plasma samples obtained at the 
beginning, midpoint, and end of the clearance period, Urea ar is the 
concentration (in milligrams per deciliter) of urea in the reconstituted 
gut perfusate sample for the clearance period, vol, is the volume (in 
milliliters) of the reconstituted gut perfusate for the clearance period, 
and Urea. oap is the mean of the concentrations (in milligrams per 
deciliter) of urea in the plasma samples obtained at the beginning, 
midpoint, and end of the clearance period, Permeability was ex- 
pressed as the ratio of Cype,/Cuneas- 


Experimental Protocol 


Results were recorded every 30 minutes, beginning at 0 minutes. 
Inall experiments, baseline data (ie, hemodynamic variables, mesen- 
teric oxygen transport indexes, ileal [H*],, and clearances) were 
obtained at 36 and 60 minutes. During this period, all animals were 
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Variable 


Ceora/ConcA 0.008 + 0.001 


and [H+], intramucosal hydrogen ion concentration. 


infused with RL at 25 mL/kg per hour. For each variable measured, 
the data obzained at 30 and 60 minutes were averaged to establish the 
mean basel ne value. 

Four groups of pigs were studied. Pigs in group 1 (N=6) were 
infused from 60 minutes to 120 minutes with Escherichia coli LPS 
(0111:B4; DIFCO, Detroit, Mich) (250 pg/kg). These animals were 
resuscitate from 60 minutes to 270 minutes with RL at 48 mL/kg per 
hour In group 2 (N=5), a mechanical occluder was used from 
60 minutes to 270 minutes to decrease Qsma to 50% of the baseline 
value. During this period, these animals were infused with RL at 25 
mL/kg per nour. In group 3 (N =5), a mechanical occluder was used to 
diminish @sma in steps as follows: 60 minutes to 90 minutes, 
Qsma — 755 of baseline; 90 minutes to 120 minutes, Qsma — 50% of 
baseline; 1£0 minutes to 150 minutes, Qsma = 2546 of baseline; and 150 
minutes to 210 minutes, Qsma — 0. At 210 minutes, the occlusion was 
released tc permit reperfusion of the mesenteric bed for two more 
clearance periods (ie, until 270 minutes). Pigs in group 4 (N —6) 
served as normal controls. These animals were resuscitated in the 
same way as the pigs in group 2 (ie, RL at 48 mL/kg per hour) but 
were not infused with LPS. At 270 minutes, all animals were killed by 
a lethal injection of a commercial euthanasia cocktail. 


Statistical Analyses 


Data were analyzed with a computer (Hewlett-Packard Vectra 
ES/12) ané commercially available software (Boeingcalc, The Boeing 
Company, Seattle, Wash, and CSS, Statsoft, Tulsa, Okla). Unless 
otherwise indicated, results are presented as means - SE. Time- 
dependent data were analyzed by means of one-way aralysis of 
variance (A NOVA) for repeated measures and Dunnett' test or two- 
way ANOVA for repeated measures and Duncan’s New Multiple 
Range Test, as appropriate. Categorical data in 2x2 contingency 
tables were analyzed by means of Fisher’s Exact Test. The null 
hypothesis was rejected for P<.05. 


RESULTS 


Baseline data for the four experimental groups are pre- 
sented in Table 1. 


Graded Ischemia/Reperfusion (Group 3) 


Figure 1 depicts the effecton the C,y74/Cunss ratio of graded 
reductions in Qsma down to zero flow followed by reperfu- 
sion. The clearance ratio tended to increase during the period 
of complete ischemia, but the change in this variable achieved 
statistica. significance only during the period of reperfusion. 
At 270 minutes (ie, after 60 minutes of reperfusion), the mean 
Cevm/Curea ratio was approximately 10-fold greater than the 
mean baseline value. 

_ The effects of graded ischemia/reperfusion on mesenteric 
Do, and V0, are shown in Fig 2. Decreasing Qsma significant- 
ly decreased both the Do, and Vo,, although the former was 
diminished to a greater extent than the latter for all Qsma 
values greater than 0. 

Ileal [E+], in group 3 is plotted as a function of time in Fig 3. 
Ileal intramucosal acidosis was not evident until after 
30 minutes of complete ischemia, at which time mean [H ' ], 
was more than twice the mean baseline value. During reper- 
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Table 1.—Baseline Data* 


ip arti ig LT ee ee E 
1 
2 + 


0.012+0.002 


Heal [H=], nmol/L 52+2 53+2 53+3 51+3 


*Qsma incicates superior mesenteric artery blood flow; Do., oxygen delivery; Vo,, oxygen uptake; Ceora, clearance of edetic acid; Cursa, clearance of urea; 


Qsma, mL/min 330 +25 79+16 288 +30 310 — 34 












2 3 -= 






0.012 +0.002 0.011 = 0.002 








Qsma, % of Baseline 








60 90 120 150 180 
Baseline 


210 240 270 


Time, min 





% of Baseline 


— 
e 
e 








con C UREA.’ 





10 
60 90 120 150 
Baseline 


180 210 240 270 


Time, min 


Fig 1.—Superior mesenteric artery blood flow (Qsma) and the ratio of 
edetic acid and urea clearances (C.514/Cype,) in group 3, ie, pigs 
subjected to graded mesenteric ischemia followed by reperfusion. 
Asterisk indicates P<.05 vs baseline (one-way analysis of variance 
and Dunnett's test). 


fusion, [H*], returned toward normal and after 60 minutes 
was not statistically different than baseline. 


Comparison of the Effects of Endotoxicosis 
and Partial SMA Occlusion (Groups 1 and 2) 


Systemic hemodynamic data from pigs infused with LPS 
and resuscitated with RL (group 1) are summarized in Table 
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Fig 2.—Mesenteric oxy3en delivery (Do,) and oxygen uptake (Vo) in 
group 3. Asterisk indicates P—.05 vs baseline (one-way analysis of 
variance and Dunnett's test). 


2. Infusing LPS resulted in marked systemic arterial hypo- 
tension. At 150 minutes (ie, 90 minutes after the infusion of 
LPS was started), mean arterial pressure was approximately 
50% of the mean baseline value. The response for CI was 
triphasie. At 90 minutes (ie, 30 minutes after the infusion of 
LPS was started), CI decreased significantly to 8096 of the 
baseline value. From. 90 to 150 minutes, CI returned to the 
normal range, but it decreased again from 180 to 270 minutes 
to approximately 70% to 80% of the baseline value. Calculated 
SVRI decreased after the infusion of LPS, reaching a nadir of 
50.6% of the baselime value at 150 minutes. By one-way 
repeated-measures ANOVA, the effects of time on mean 
arterial pressure, CI, and SVRI were all highly significant 
(P«.00001, P= .003, and P —.0001, respectively). 

Infusing LPS decreased mean Qsma to 44% to 63% of the 
baseline value (Fig 4, top). For the seven measurements from 
90 to 270 minutes (ie, after infusion of LPS), the time-aver- 
aged Qsma in group 1 wzs 559» of the baseline value. There- 
fore, to mimie the effect of LPS on mesenteric perfusion, 
Qsma was decreased in group 2 to 50% of baseline by using a 
mechanical device to occlude the SMA partially. Since mesen- 
teric flow was adjusted in this fashion, Qsma in group 2 was 
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Fig 3. — leal intramucosal hydrogen ion concentration ([H *]) in group 
3. Asterisk indicates P<.05 vs baseline (one-way analysis of variance 
and Dunnett's test). 


Variable 
SC 
SVRI, 

mm Hg-min-kg/L 


433+14 


Time, 
min MAP, mm Hg 


Baseline 105+4 


Cl, 
L/min-kg 
0.240 + 0.009 


90 10748 0.193 —- 0.0151t 542 * 68 


340+ 40 
219 —-22T 
318-32 
344 +33 
399 — 49 
401 +47 


120 74+5t 
52+ 5t 
62--5f 
67-7t 


0.214 — 0.017 
0.222 + 0.025 
0.189 — 0.0261 
0.191 — 0.0251 
65-8f 0.165 + 0.0291 
73+13f 0.167 +0.028tf 
*MAP indicates mean arterial pressure; Cl, cardiac index; and SVRI, 
systemic vascular resistance index. 


tP<.05, one-way analysis of variance for repeated measures, Dunnett's 
test. 


50% + 1% from 90 to 270 minutes. In group 1, infusing LPS 
resulted in a marked increase in gut mucosal permeability 
(Fig 4, bottom). An increase in the C,,,,/C,,., ratio was 
apparent as early as 30 minutes after beginning the infusion of 
endotoxin, but it did not achieve statistical significance until 
180 minutes (ie, 2 hours after the administration of LPS was 
started). At 270 minutes, the C,,,,/C,,.., ratio in group 1 was 
572% + 235% of the baseline value. In contrast, mucosal per- 
meability was unaffected by a 5096 reduction in Qsma in group 
2. By two-way ANOVA for repeated measures, the time 
effect and the group-time interaction for C,,,,/0,,,, were 
both significant (P = .029 and P = .02, respectively). 

As shown in Fig 5, top, mesenteric Do, decreased to a 
similar extent (ie, to approximately 5096 of baseline) in both 
groups 1 and 2. Mesenteric Vo,, on the other hand, decreased 
to approximately 7096 to 8096 of baseline in group 2 but was 
unchanged in group 1 (Fig 6, bottom). By two-way ANOVA 
for repeated measures, the group effect for Vo, was signifi- 
cant (P = .024). 

In group 2, ileal [H '], was unchanged, despite a prolonged 
50% reduction in Qsma (Fig 6). In contrast, [H+], increased 
significantly in group 1 to more than twice the baseline value 
at 270 minutes. 
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Fig 4. — Superior mesenteric artery blood flow (Qsma) and the ratio of 
edetic acid and urea clearances (Cepr/Cynea) in groups 1 and 2, ie, 
pigs subjected to lipopolysaccharide challenge (circles) and mechani- 
cally induced partial mesenteric ischemia (squares), repectively. As- 
terisk indicates P<.05 vs baseline within group; dagger, P<.05 vs 
time-matched value in the other group (two-way analysis of variance 
and Duncan's New Multiple Range Test). 


Stability of Normal Animals 


. The effect of time on Cypm/Cuneas Qsma, mesenteric Do, and 
VO, and [H*], in normal (group 4) pigs is shown in Table 3. 
Although the clearance ratio tended to increase in this group 
over time, the change was neither large nor consistent enough 
to achieve statistical significance. Similarly, none of the other 
variables depicted in Table 3 changed significantly over time. 


Relationship Between Mucosal Permeability 
and Ileal [H*], 


Based on 32 baseline clearance periods in 16 pigs (ie, the 
periods ending at 30 and 60 minutes in each pig), the mean 
“normal” value for Cepm/Curs, was 0.010, with a SD of 0.005. 
We arbitrarily defined the upper limit of the normal range for 
Cyvr/Curea as the mean normal value + 2 SDs or 0.020. Simi- 
lary, the mean normal value for [H+], was 52.5 nmol/L (SD, 
5.2 nmol/L), and the upper limit of the normal range was 
defined as 62.9 nmol/L. 

To determine if there was a relationship between Cypz,/ 
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Fig 5.—Mesenteric oxygen delivery (Do,) and oxygen uptake (VO,) in 
groups 1 (circles) and 2 (squares). Asterisk indicates P<.05 vs base- 
line within group; dagger, P<.05 vs time-matched value in the other 
group (two-way analysis of variance and Duncan's New Multiple 
Range Test). 


Curea and [H+], results for each 30-minute clearance period 
were segregated into one of four categories: normal Cypr/ 
Cure, and normal [H+]; normal Cyor/Cures and high [H+]; 
high C,,,,/0C,,,4 and normal [H*]; and high Crom/Cursa and 
high [H+], Two-by-two contingency tables were generated 
for each group. In group 1 (endotoxicosis), abnormal perme- 
ability was never present when [H '], was within the normal 
range (Fig 7, top). However, C,,,,/C,,,4 Was greater than the 
upper limit of normal in 14of 34 clearance periods character- 
ized by the presence of ileal mucosal acidosis. The frequency 
of abnormal permeability was significantly greater in elear- 
ance periods categorized as having high [H'], (P= 0004) 
compared with periods with normal [H*],. In group 3 (ische- 
mia/reperfusion), permeability was abnormally high in five of 
the 26 clearance periods characterized by normal [H™], Fig 7, 
bottom). These five points all occurred during repertusian (ie, 
periods ending at 240 or 270 minutes). 

Despite these five points, the frequency of abnormal per- 
meability was still significantly greater in periods with high 
[H*], values (P —.009) than in periods with normal [H ],. In 
group 2 (partial ischemia; Fig 7, middle), the vast majority of 
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Fig 6. — Ileal irtramucosal hydrogen ion concentration ([H ^]) in groups 
1 (circies) and 2 (squares). Asterisk indicates P<.05 vs baseline within 
group: dagger, P<.05 vs tirne-matched value in the other group (two- 
way analysis of variance and Duncan's New Multiple Range Test). 





Table 3 — Effect of Time on Ceora/Cunea, Ileal [H *), and 
Mesenteric o. Transport in Normal (Group 4) Pigs* 







Variable 
cc V ee an gh DS PETRO SER REL 
mi Cora/Cunz Do, Vo, [H*], 






1 129-12 113-410 


2 
270 178 +36 127 - 19 98 —- 12 B4 — 12 88-3 


*See Table 1 for expansion of abbreviations. Data are expressed as 
percentage of baseline value for each variable. 


94 —- 10 98+3 









0 137+ 29 
0 





points fell into the normal C,,,,.,/C,,., and normal [H+], cate- 
gory. Statistical analysis was unwarranted because of the 
small size of the other cells in the contingency table. 


COMMENT 


The measurement of plasma-to-lumen clearances of various 
substances has been used in numerous experimental studies 
to assess the integrity of the gut mucosal barrier. Markers 
that have been used include mannitol labeled with carbon 14,” 
albumin labeled with iodine 125,^* albumin labeled with io- 
dine 131,” and "Cr-EDTA.*" With a molecular radius of 
0.68 nm and a molecular volume (based on the van der Waals 
surface) of 0.258 nm’, "Cr-EDTA (molecular weight, 
358 d) is a hydrophilic probe similar in size to lactulose, a 
disaccharide that also has been used extensively to study GI 
tract mucosal permeability.” Relatively large hydrophilic 
molecules, such as laculose and "Cr-EDTA, can cross the gut 
epithelial barrier only via an intercellular pathway.” Howev- 
er, in contrast to even larger molecules (eg, albumin), the 
rate-limiting barrier preventing the diffusion of "Cr-EDTA 
from the plasma compartment into the gut lumen is the epi- 
thelial cell layer of the mucosa rather than the capillary 
endothelium.” Thus, "Cr-EDTA is well suited as a probe for 
studying GI tract mucosal permeability with the use of the 
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Fig 7.— Ratio of edetic acid and urea clearances (Ceora/Curea) during 
periods with intramucosal hydrogen ion concentration within the nor- 
mal range (ie, <62.9 nmol/L) (circles) or greater than the normal range 
(ie, 262.9 nmol/L) (squares). Dashed lines indicate upper limit of 
normal range for Ceora/Curea ratio. 


plasma-to-lumen clearance method. 

In several recent studies, the integrity of the gut mucosal 
barrier has been assessed by measuring the differential ab- 
sorption of two hydrophilic probes of differing molecular size, 
namely mannitol and lactulose.*'* The former molecule is 
small enough to cross the epithelial barrier via a transcellular 
route, whereas the latter compound, as already mentioned, 
can cross the gut epithelial barrier only via an intercellular 
pathway. In the present study, we similarly measured the 
differential clearance of two probes, one being a small mole- 
cule (urea) and the other ("Cr-EDTA) a larger one. Urea 
(molecular weight, 60 d) is so small that the normally high 
plasma-to-lumen clearance of this molecule is unaffected by 
changes in mucosal permeability.” Thus, it is our view that 
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Corra can serve as a useful internal standard to control for the 
confounding effects of irrelevant variables, such as Qsma (ie, 
the delivery of probe to the mucosal surface) and the mucosal 
‘surface area available for diffusion. In any event, the findings 
were qualitatively similar and the conclusions were the same 
when the data for the clearance of " Cr-EDTA were analyzed 
without acjusting for the small changes in Corea 

Two other details regarding the clearance method for the 
measurement of mucosal permeability warrant discussion. 
First, in a recent study in which the clearance of "Cr-EDTA 
was used to measure GI tract mucosal permeability, Cris- 
senger and Granger” ligated the renal vessels bilaterally to 
prevent renal elimination of the probe. We were concerned 
that this maneuver would substantially alter our model of 
fendotoxicosis by removing the renal hormonal response to 

LPS. Therefore, instead of ligating the renal vessels, we 
. attempted to maintain relatively steady plasma concentra- 

tions of tke two probes, "Cr-EDTA and urea, by providing 
maintenar.ce infusions during the study. This approach was 
satisfactory, as plasma levels of both markers were reason- 
ably constant in all studies. Second, Crissenger and Granger” 
measured the concentration of " Cr-EDTA in 4-mL aliquots of 
the gut perfusate. When we used this approach in pilot stud- 
ies, the gamma activity in samples of perfusate obtained 
under baseline conditions was insufficient to permit accurate 
counting. Therefore, before counting, perfusate samples 
were coneentrated approximately 20-fold by evaporation to 
dryness and reconstitution in a small volume of distiiled wa- 
ter. This permitted counting all the "Cr-EDTA present in the 
perfusate for a 30-minute clearance period, rather than just 
the amourt present in an aliquot small enough to fit into tubes 
suitable fcr a well-type gamma counter. 

Using the clearance method described herein, we repro- 
duced the findings of several other investigators." ^*^^ Spe- 
= Gfically, we showed that complete ischemia followed by re- 
perfusion leads to a marked increase in gut mucosal 

= permeability (Fig 1). The stability of the Cyom/Cors, ratios 
measured in group 2 (partial ischemia) and group 4 (normal 
controls) suggests that the perturbations to which the ani- 
mals in all groups were subjected (eg, anesthesia and surgical 
manipulation) were not the cause of the increased clearance 
ratios observed in groups 1 (endotoxicosis) and 3 (graded 
isehemia/reperfusion). Therefore, we feel confident that the 
clearance method used in the present study can reliably de- 
tect alteretions in ileal mucosal permeability. 

We have used the porcine endotoxicosis model in group 1 
. for severa recent studies.” It is based on a model originally 
w' . described by Breslow et af that satisfactorily reproduces 
| several features of septic shock in humans, including pro- 

found systemic arterial hypotension and low SV RI. 

—  . Numereus studies have documented that the administra- 
tion of LPS to experimental animals increases the transloca- 
tion of vicble microbes. "^ In contrast, only a few studies 
have examined the effect of LPS on GI tract mucosal perme- 
ability to hydrophilic probes. O'Dwyer et al" showed that the 
systemic absorption of an oral lactulose load is increased in 
normal human volunteers during a 12-hour period after a 
bolus intravenous injection of E coli LPS (4 ng/kg). Hurlbut et 
al” reported that intravenous Salmonella typhosa LPS (250 
pg/kg) increases 24-hour urinary excretion of an oral load of 
“Cr-EDTA. The data presented herein indicate that gut mu- 
cosal perneability is significantly increased within 120 min- 
utes after exposure to LPS (Fig 4). At the present time, it is 

le ether increased mucosal permeability te hydro- 
sis associated with increased permeability to LPS 
1 microbial translocation. This is a question that 
rther investigation, since mucosal permeability to 
probes can be quantitated accurately in animal 
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studies and also can be assessed in patients." In contrast, 
measurig the extent of translocation of microbes or endotoxin 
is difficult in the clinical setting. 

The primary goal of the present study was to test the 
hypothesis that LPS-induced mesenteric hypoperfusion is a 
key factor leading to increased intestinal permeability in 
endotoxicosis. Regarding this hypothesis, the data obtained 
support this limited conclusion: in pigs, macrovascular mes- 
enteric hypoperfusion of the magnitude induced by LPSis not 
by itself sufficient to cause a defect in the barrier function of 
the ileum detectable with the clearance methods used in this 
study. The present data are insufficient to exclude the possi- 
bility that decreased Qsma acts in some synergistic fashion 
with another LPS-triggered phenomenon (eg, hypermetabo- 
lism) to promote increased mucosal permeability. Our data 
also cannot exclude the possibility that another index of Darri- 
er function (eg, translocation) might have detected abnormal- 
ities induced by partial ischemia that were not observed by 
measuring plasma-to-lumen C,,,,/C,,,, ratios. Finally, our 
data cannot exclude the possibility that microvascular de- 


rangements in mucosal perfusion induced by LPS are respon- . 


sible for the observed changes in permeability. 


If mesenteric hypoperfusion is not sufficient to explain — 


increased intestinal permeability in endotoxie pigs, what al- 
ternative explanations can be offered? One key factor is prob- 
ably tissue damage caused by reactive oxygen species. Deitch 
etal” recently reported that LPS-induced bacterial transloca- 
tion is markedly diminished in mice treated with allopur:nal (a 
drug that inhibits xanthine oxidase) or a high-tungster, low- 
molybdenum diet (a maneuver that inactivates xanthine oxi- 
dase). Other mechanisms are also likely to be important, since 
inhibiting xanthine oxidase does not prevent translocation in 
mice monoassociated with E coli C25." 

The experimental design used here was similar to the one 
used by Morris et al." Whereas these authors showed that 
decreasing Qsma to 50% of baseline for 8 hours signifieantly 
increased bacterial translocation in sheep, we found that a 
similar reduction in mesenteric perfusion did not affect the 
Crom/Curea, ratio during a 3.5-hour period in pigs. Although 
our results tend to conflict with those of Morris et al,” they are 
in agreement with data obtained by Bulkley et al," whofound 
that intestinal permeability in dogs was unaffected by is- 
chemia/reperfusion unless mesenteric Vo, was diminished to 
less than 50% of baseline during the ischemic period. in the 
present study, mesenteric Vo, was diminished to only approx 
mately 70% to 80% of baseline by a 50% reduction in Qsma 
(group 2 in Fig 5, top). 

One or more of several explanations might account for the 
apparent discrepancy between the results previously re- 
ported by Morris et al" and those obtained in the present 
study. First, we used a different species (pigs instead of 
sheep). Second, we used a shorter period of partial ischemia 
(8.5 hours instead of 8 hours). Finally, we used a different 
method to assess the integrity of the mucosal barrier ‘Cipra 
Core, clearance ratio instead of bacterial translocation). 

A secondary goal ofthe present study was to obtain prelimi- 
nary information regarding the relationship between ileal 
[H*], and mucosal permeability. Ileal [H], was estimated by 
means of an indirect, tonometrie method. In an extensive 
series of experiments designed to define the limitations of this 
method, our group recently showed that tonometrie esti- 
mates of mucosal pH are quite accurate in endotoxieosis but 
are less reliable when mucosal acidosis is induced by isch- 
emia.” Even in the latter setting, however, tonometriz esti- 
mation of mucosal pH may provide useful qualitative informa- 
tion. The findings from the present study depicted in Fig 7 
suggest that, in endotoxicosis, abnormal mucosal permeabili- 
tyis very unlikely in the absence of mucosal acidosis. Obwious- 
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too limited to assess whether in- 





‘causally related phenomena or simply independent markers 
-of epithelial injury induced by LPS. The latter seems likely, 
however, since during the reperfusion phase after a period of 
complete ischemia, [H+], (Fig 3) and C,,,,/C,,.., (Fig 2) tended 
to move in opposite directions, the former decreasing and the 
latter increasing. Indeed, during the reperfusion phase in 
several animals in g roup 3, Cung Was Clearly abnormal 
when [H '], was within the normal range (Fig 8), indicating 
. that mucosal acidosis was not necessarily present at the same 
time that increased mucosal permeability was evident. 

In summary, we showed that endotoxicosis was associated 
with mesenteric hypoperfusion and increased ileal mucesal 
permeability. However, the use of a mechanical occluder to 
cause a reduction of Qsma similar in magnitude to that in- 
ducec by LPS did nat affect mucosal permeability, suggesting 
that increased intestinal permeability in endotoxicosis is due 
to factors other than, or in addition to, diminished Qsma. 

This study was supported by National Institutes of Health grant R29 


GM31631 03. 
Penry Bentley assisted in the preparation of the manuscript. 
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Discussion 


DAVID N. HERNDON, MD, Galveston, Tex: Recently performed 
studies in pigs corroborate the authors’ data. Superior mesenteric 
artery occlusion alone is accompanied by a compensatory rise in celiac 
mesenteric blood flow and no change in permeability characteristics. 
Combined:celiac and mesenteric blood flow reduction, however, re- 
sults in a decrease in barrier function similar to that seen in the 
endotoxin-treated group. Might the blood flow to mucosae and mes- 
enteric lymph nodes be different in these experimental conditions, 
altering gut-associated lymphoid surveillance? Would the permeabil- 
ity to bacteria be by a different mechanism than permeability to 
macromolecules? 

EDWIN A. DEITCH, MD, Shreveport, La: We have observed per- 
meability éhanges in endotoxin-treated rats to chromium EDTA and 
peroxidase that were not explained by blood flow changes but might 
be explained by direct endotoxin activation of antioxidase activity, 
independent of blood flow. 

WILLIAM S. BLAKEMORE, MD, Birmingham, Ala: Blood flow oc- 
clusion at the level of the SMA may have varied effects on blood 
supply to the mucosa vs other areas of the gut, due to complex distal 
shunting that might occur distal to the proximal occlusion. 

Or! D. ROTSTEIN, MD, Toronto, Ontario: Does restoration of 
mesenterie perfusion postendotoxin prevent the increase in perme- 
ability seen? | 

DR FINE: Translocation of bacteria and permeability to macromol- 
ecules are-assays for different phenomena that can be dissociated 
under certain circumstances. In response to Dr Deitch, since mesen- 
teric hypoperfusion is not the sole mechanism for the increases in 





permeability seen after endotoxin shock, oxygen-derived free radi- 


cals and otf 





er oxygen species, platelet activating factors, eicosan- 


oids, and cytokines all may play roles. We agree with Dr Blakemore 


that a given percentage decrease in blood flow at the level of the 
superior vena cava would not necessarily translate to the same per- 
centage decrease in mucosal blood flow. In response to Dr Rotstein, 
restoration of mesenteric blood flow after endotoxin insult, with 
massive fluid and debutamine resuscitation, did return intestinal 
permeabilizy characteristics to normal. Both endotoxicosis and hypo- 
perfusion may be required to increase gut permeability to macromol- 
ecules, ang the presence of either one alone may be insufficient to 
cause the problem. 
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Ping Wang, MD; Zheng F. Ba; Irshad H. Chaudry, PhD 


! e Although active hepatoceliuiar function is depressed during 
| sepsis, it s not known whether this occurs in the very early 
— stages of sepsis and whether it is due to depressed cardiac 
.. outputor hepatic blood flow. Te study this, rats were subjected to 













|. sepsis by cecal ligation and puncture and hepatocellular func- 
|... Won was determined at various intervals thereafter by assessing 
the ability of the liver to clear different doses of indocyanine 
| green. indocyanine green concentration was continuously 
- . measured in vivo with a fiberoptic catheter and an in vivo hemo- 
(|. reflectometer. Maximal velocity and kinetic constant of the clear- 
. ance of indocyanine green, hepatic blood flow, and cardiac out- 

put were determined in experimental and sham-operated rats. 

The results demonstrate that hepatic blood flow and cardiac 
output inc-eased 2 to 10 hours after cecal ligation and puncture, 

while hepatocellular function (maximum velocity and kinetic 
constant) was decreased ever 2 hours following cecal ligation 

and puncture. No linear correlation between hepatocellular func- 

tion and hepatic blood flow or cardiac output was found under 
such conditions. The extremely early depression in active hepa- 

- .. tocellular tunction, despite the increased hepatic blood flow and 
» cardiac omtput, may form the basis for cellular dysfunctions 


. leading to multiple organ failure during sepsis. 
( QrehSug.1991126:219224) — ——— 


















ests to Department 3f Surgery, B424 Clinical Center, Michigan 
y, East Lansing, MI 48824-1815 (Dr Chaudry). 
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Hepatic Extraction of Indocyanine Green Is — 
_ Depressed Early in Sepsis De spite Increased 
n: epatic Blood Flow and Cardiac Output v 





using the indocyanine green (ICG) clearance technique." It 
has been reported that effective hepatie blood flow is deo 
creased significantly in early sepsis, ie, 6 to 10 hours afterthe 
onset of cecal ligation and puncture (CLP).' Heimburger and -— 
associates," however, found decreased hepatocyte active _ 
transport following endotoxemia. Furthermore, it has been _ 
reported that the half-life of ICG was prolonged in patients 
with multiple organ failure of septic origin.” Studies in our 
laboratory’ have shown that in the early stage of sepsis © 
hours after CLP), hepatocellular function as measured by - 
ICG clearance was depressed. This occurred prior to the — 
elevation in serum enzyme (alanine aminotransferase and - 
aspartate aminotransferase) levels. Thus, the ICG clearance 
technique was found to provide an extremely sensitive early — 
indication of hepatocellular abnormality in sepsis.’ However, 
such a technique required administration of ICG and removal 
of multiple blood samples for determining ICG concentra- 
tion.” Eoo 
Although extensive blood sampling is usually not a problem 
in humans and in large animals, it poses a major problem in- 
small animals, such as rats. Multiple removal of blood samples _ 
from the rat” may affect hemodynamics, especially during 
sepsis. Asher et al’ determined maximal velocity (V ma. of the 
ICG clearance from two doses of ICG in two groups ef rats. 
Since there is variability from animal to animal, the V... 
obtained in their study may not truly represent the V „x of the 
clearance of ICG in each animal. To overeome these limita: 
tions, we have recently developed a new method that uses a 
fiberoptic catheter (Hospex Fiberoptics, Chestnut Hill, 
Mass) and an in vivo hemoreflectometer (IVH; Schwarzer, - 
Picker International, Münich, Federal Republic of Germany 
Such a technique permits us to continuously measure t 
administered ICG in vivo and thus determine its clearance - 
without the need of blood sampling." Both V,,, Ce, the 
number of functional ICG receptors on hepatocytes) and ki- | 
netic constant (K,,; ie, the efficiency of the active transport) of 
the clearance of ICG represent the active hepatocellular fune 
tion.“ Although it is known that active hepatocellular dys- | 
function occurs 5 hours following CLP, it remains to be 
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Jar function occurs even earlier than 5 hours after the onset of 


sepsis. In addition, studies have shown that in early, hyper- 


dynamic stages of sepsis, cardiac output significantly in- 
creased in septic patients. ™ However, it is unknown whether 
a comparable increase in cardiac output and hepatic blood flow 
occurs in early sepsis in the rat. 

The objective of this study was, therefore, first to deter- 
mine whether a depression in active hepatocellular function 
can be detected during very early stages of sepsis (2 to 5 hours 
after CLP), and sezond, to assess the relationship between 
changes in cardiac output or hepatic blood flow and alterations 
in active hepatocellular function. Our results indicate that 
active hepatocellular dysfunction occurs very early after the 
onset. of sepsis (2 hours following CLP) despite concomitant 
elevations in hepatie blood flew and cardiac output. 


MATERIALS AND METHODS 
Sepsis Procedure 


Sepsis was produced in male Sprague-Dawley rats (mean X SD 
weight, 285 +21 g) by CLP, as described previously.” Briefly, rats 
were giver: no food for 16 to 20 hours prior to the experiment but 
allowed water ad libitum. The animals were anesthetized with ether 
and a Z-em midline incision was made. The cecum was then exposed, 








= ligatec just distal to the ileocecal valve to avoid intestinal obstruction, 


and penctured twice with an 18-gauge needle and returned to the 
abdomen. The abdominal incision was then closed in two layers and 
the animals were given normal saline (3 mL per 100 g of body weight 
[BW] subcutaneously. Following CLP, rats received no food but 
were allowed water ad libitum during the study period. The 24 
animals were randomly divided into four groups and were studied 2, 
5, 10, or 20 hours after CLP. Sham-operated (control) rats (n =24) 
underwent the same surgical procedure, except that the cecum was 
neither ligated nor punctured. Such animals, however, received the 
same volume of normal saline and were also divided into four groups 
and studied 2, 5, 10, or 20 hours following sham operation. There was 
no mortality during the study. 


Active Hepatocellular Function 


The active hepatocetular function was measured by using in vivo 
ICG (Cardio-Green, Bacton Dickinson, Cockeysville, Md) clearance, 
as deseribed in detail previously. ™™ Rats were anesthetized with 
intravenous sodium pentobarbital (20 to 30 mg/kg BW), following 
which, a 2.4F fiberoptic catheter was inserted to the level of aortic 
arch via the left carotid artery. Three separate doses of ICG (0. 167, 
0.333, and 0.833 mg/kg BW in 0.85 mL of an acqueous solvent provid- 
ed by Becton-Dickinson) were administered via the right jugular 
catheter, and ICG concentration.in the circulation was recorded each 
second for 5 minutes using an IVH and computer-assisted data acqui- 
sition (Asystant, Azyst Software Inc, Rochester, NY). It should be 
pointed out that none o? the animals was systemically heparinized in 
this study. To prevent catheter clotting, the fiberoptic catheter was 
soaked in & heparin se:ution (1000 U/mL, UpJohn Co, Kalamazoo, 

Mich) for 3 to 5 minutes before insertion into the carotid artery. An 
exponential (e raised tc a second-order polynomial) equation was used 

to determine the relationship between ICG concentration and time (t) 
as follows: 


ICG Concentration = e^ ** *«^? (1) 

The correlation coefficient of the regression line was found to be 

higherthan .998. The initial velocity of ICG clearance was calculated 

according to the following equation: 

V. e bUCG Dose/e"/BW (2) 

in which V, is the iritial velocity in milligrams per kilograms per 

minute, ¢*b is the initial velocity in milligrams per liter per minute, e" 

is ICG-concentration at t=0 (ICG, concentration) in milligrams per 

liter, and BW is body weight in kilograms. The initial clearance of ICG 

in circulation follows the Michaelis-Menten kineties. *"”"* Rearrange- 
ment of the kineties equation yields the following equation: 














VV, = V/V. t KAV X VD (3) 


in whieh V... is the maximal velocity of the clearance of ICG at a 
- theoretically infinite ICG concentration and D is the initial substrate 
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determined whether or not.depression of active hepatocellu- 






concentration (ICG dose). In the active hepatocellular membrane 
transport system, K, is a kinetic constant representing the efficiency 
of the active transport process." A straight line is obtained from the 
plot of V/V. (y axis) vs 1/D (x axis), Maximal velocity is determined as 
the reciprocal of the y intercept and K, is the negative reciprocal of 
the z intercept, ^ 


Hepatic Microvascular Blood Flow 


Hepatic microvaseular blood flow was determined using a laser 
Doppler blood perfusion monitor (Laserflo model BPM 403A, TSI 
Ine, St Paul, Minn) with a right-angle flow probe (model P-430). The 
probe was placed on the surface of the liver (the left lobe) and the 
resuitant value (averaged over 3 minutes) was obtained by using a 
recorder. The measured hepatic microvascular blood flow was the 
microvascular red blood cell flux in 1 to 2 mm? on the surface of the 
liver, which was an absolute blood flow with a unit of milliliter per 
minute per 100 g of tissue weight. ® 


Effective Hepatic Blood Flow 


Following ICG (0.333 mg/kg BW in 0.05 mL) injection, the clear- 
ance curve of ICG was recorded using IVH and computer-assisted 
data aequisition. The V, and ICG, eoncentration were caleulated 
according to equations 1 and 2. Effective hepatic blood flow was 
determined using the method of Hauptman et al": 


Effective Hepatic Blood Flow = V /ICG, Concentration (4) 


Since the hepatic extraction ratio (ER) of ICG is not 100%," one 
must allow ‘or ER in the calculation of effective hepatic blood flow. To 
determine the ER, a 3.5F umbilical vessel catheter was inserted into 
the hepatic vein via the right jugular vein in different groups of rats. 
Through the femoral vein, 0.383 mg of ICG per kilogram of BW was 
injected, following which a 0.3-mL blood sample was collected simul- 
taneously from both hepatic vein and carotid artery 1, 3, 5, and 8 
minutes afier administration. The animal received normal saline 
following each blood sampling to replace blood volume loss. Plasma 
was separated by centrifugation and 0.125 mL of plasma was diluted 
with 0.625 mL of normal saline containing 1% bovine serum albumin. 
The absorbance was read at 800 nm and ICG concentration deter- 
mined by interpolation against a standard curve. Percent of hepatic 
ER of ICG is calculated as follows: 


(IZG, Concentration ~ ICG, Coneentration)/ICG, 
Concentration x 100 


in which ICG, concentration and ICG, concentration indicate ICG 
concentration in carotid artery and hepatic vein, respectively. There- 
fore, effective hepatic blood flow values calculated from equation 4 
were divided by the appropriate ER. 


Cardiac Output 


Immedia:ely following administration of ICG (0.167 mg/kg BW in 
0.05 mL) via the right jugular catheter, 20 ICG concentration points 
per second were recorded for approximately 30 seconds with the aid 
ef IVH and a computer-assisted data acquisition. The area under the 
ICG dilution curve was calculated and cardiac output determined 
according te the dye-dilution principles. Mean arterial pressure was 
monitored using a vertical polyethylene-50 tubing calibrated in milli- 
meters of mercury. Total peripheral resistance was then calculated as 
mean arterial pressure divided by cardiac output. In addition, rectal 
body temperature and systemic hematocrit were also measured. 
Arterial oxygen saturation was measured by the fiberoptic catheter 
and IVH. ^9 


Statistical Analysis 


Unpaired Student's ¢ test was used for the comparison between 
animals that underwent CLP and sham operation. One-way analysis 
of variance and Tukey's test were employed for the comparison 
among rats that underwent either CLP or sham operation. Linear 
and nonlinear regressions were also used and the differences consid- 
ered significant at P<.05. Results are presented as mean * SEM. 


RESULTS 
Active Hepatocellular Function 
Two hours following sham operation, V „was 1.125 + 0.114 
mg/kg per minute, and it did not change even 20 hours after 


Hepatocellular Dysfunction — Wang et al 


^ 
U 
à 


v 
* 


paS 


v 
e 
v 
è 
A 
x 


® 
— 
2 
£ 

ies - - 

* * v ~ FS 

>_¢ JS JE 9 

c4 es LU a pt J 

>? 2 pt, 2 Lot 

*.4 *.*4 79 + 

CO bo b.b E +% 

LOC] 2.4 € 9 O 

LO 7 beo » 7 LOC 

LOC) 2.4 9 pt J 

Lo 2 PEF $ LC 

2. 4 € 4 € 9 + © 

LOC. 7 Lo 2 » € -9 

LOC) 2.4 € 9 aO 

LO, 2 Lot 2 pt e.o 

LOC € 4 € 9 p 7 

- pab 24 * € 9 

LOC 2.4 € 9 pt J 

LO 2 LI 2 ha LOC 

2.4 2.4 LOC PL 

> be Lo 2 »t 7 € 9 

LOC 2.4 9 O 

LOC 7 bow LS 9 

LOC, * 4 9 pt 7 

>? bow » LOL A 

LOC, € 4 ^ 9 pt 7 

> Lot 2 pt 7 € 9 

2.4 LOC +9 pt 7 

LOK 7 PE a € -9 

* 4 +t o9 pt 7 

pab >O p 7 LOC 

2.4 2.4 2. @ p 7 

eS" eS" e*e o? 

b.e. LOC > .*. .9 

*, 

> ^ 9 

EST 4 + «> 

Oo 4% o D> 

x "E > > ^ o 

4.4 qas pt 

Lo > + o.o 

LA +t p 7 

> 2 LOC LOC 

LOC 2.4 O 

>? > LOC A 

* 4 4 ; 

- LOC 2 bow LOS 

E 2.4 € 4 p 7 

LOC PE 05 4 

€ 4 2.4 p 7 

>? 2€ o.o 

* 4 4 pt 7 

>? aO € 9 

+4 2.4 p 7 

LO 2€ 7 LOC A 

2.4 * 4 p» J 

Lot. 7 DEF o.o 

+4 2.4 p 7 

oS" e Se" to? 

> Oa 0€ 2 o? 

4 9 

E 

E 


* 
E 


~ 
A 
'e 
A 
^" 


2 5 10 20 


Hours After CLP or Sham Operation 
Fig 1.—Changes in maximum velocity (V ma; top) and kinetic constant 
(K,,, bottom) after cecal ligation and puncture (solid bars) or sham 
operation (hatched bars). There were six rats in each group at each 
time point. Data were compared using unpaired Students t test; 
P<,05 for cecal ligation and puncture vs sham operation at each time 
point in each variable. 


sham operation (Fig 1, top). In contrast to this, V „a decreased 
by 28% (P<.05) 2 hours after CLP, and a progressive decline 
eulminating in a decrease of 7596 from the sham value was 
observed 20 hours after CLP. Compared with the value 2 
hours after CLP, V,,,, decreased significantly (P<.05) 20 
hours after CLP. Similarly, K, in sham-operated rats did not 
significantly change during this study, but it decreased signif- 
ieantly even 2 hours (decreased by 4596) after CLP (Fig 1, 
bottom). There was also a significant decrease in K,, 5 to 20 
hours after CLP (P<.05) compared with the value 2 hours 
after CLP. 


Hepatic ER of ICG 


The results indicated that hepatic ER of ICG did not change 
significantly at any time following sham operation (Table 1). 
However, the ER decreased progressively after CLP; it de- 
creased to 43.196 — 3.096 (P<.05, from 58.8% +3.2% of con- 
trol) at 10 hours and to 34.0% + 2.596 (P<.05) 20 hours after 
CLP (Table 1). 


Hepatic Blood Flow 


The results presented in Fig 2, top, indicate that hepatic 
microvascular blood flow increased significantly 2 to 10 hours 
(P<.05), but decreased significantly 20 hours (P<.05), after 
CLP. Effeetive hepatic blood flow increased at 2 hours and 
was significantly higher 5 to 10 hours (P<.05, Fig 2, bottom) 
after CLP. No significant difference in either hepatie micro- 
vascular blood flow or effective hepatic blood flow in the 
sham-operated rats was observed during the study (Fig 2). 
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Table 1.— Changes in Hepatic Extraction Ratio of 
Indocyanine Green After Cecal Ligation and Puncture (CL?) 








No. of Extractien 
Procedure Determinations Ratio, S 
Sham operation (2-20 h) 20 53.8 3.2 
CLP 
2h 7 49.6 —- 3.3 
5h 7 46.9 4.3 
10h 7 43.1 X 35* 
20h 7 34.0 x 2.5* 





*P-— 05 compared with sham-operated rats by one-way analysis of variance 
and Tuxey’s test. 
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Hours After CLP or Sham Operation 

Fig 2.— Changes in hepatic microvascular blood flow (HMBF) ir millili- 
ters per minute per 100 g of tissue weight (top) and effective Fepatic 
blood flow (EHBF) in milliliters per minute per 100 g of body weight 
(bottom) after cecal ligation and puncture (solid bars) or sham Dpera- 
tion (hatched bars). Data were compared using unpaired Student's t 
test; asterisk indicates P<.05 for cecal ligation and puncture vs sham 
operation. 


Cardiac Output and Total Peripheral Resistance 


As shown in Fig 3, top, cardiac output 2 hours after sham 
operation was 35.714 + 1.218 mL/min per 100 g BW aad did 
not change significantly during the course of the experzment. 
In contrast, cardiac output increased by 21.596 (P<.05) and 
38.496 (P<.01) 2 and 5 hours after CLP, respectively, and 
remained elevated 10 hours after CLP (P —.05). The elevation 
in cardiac output was not sustained, as it returned to bzseline 
level 20 hours after CLP (Fig 3, top). In contrast to cardiac 
output, total peripheral resistance decreased signifrantly 
(P<.05) at 2 to 10 hours, but returned to control level 20 
hours, after CLP (Fig 3, bottom). 
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Hours After CLP or Sham Operation 

Fig 3.—Changes in cardiac output (CO, top) in milliliters per minute per 
100 g of tissue weight and total peripheral resistance (TPR, bottom) in 
millimeters of mercury per milliliter per minute per 100 g of body weight 
following cece! ligation and puncture (solid bars) or sham operation 
(hatched bars). Data were compared using unpaired Student's t test. 
Asterisk indicates P< 05 for cecal ligation and puncture vs sham 
operation. 


Correlation Between Active Hepatocellular Function 
and Hepatic Blood Flow or Cardiac Output 


When linear regression was employed, there was no signifi- 
cant correlation between Y,,,. and hepatic blood flow (ie, 
hepatic microvascular blood flow and effective hepatic blood 
flow) or cardiac output (n —48, r=.134 to .256, P>.05). The 
correlation was simi_arly insignificant between K, and hepat- 
ic blood flow or cardiac output (n = 48, r= .110t0.266, P>.05), 


Mean Arterial Pressure, Body Temperature, Systemic 
Hematocrit, and Oxygen Saturation 


As shown in Table 2, mean arterial pressure and oxygen 
saturation did not change significantly 2 to 20 hours after 
CLP. In eontrast, body temperature increased significantly 
10 hours after CLP (P<.05), and systemic hematocrit also 
increased significantly 5 to 20 hours after CLP (P<.05). 


COMMENT 


In this study, we used in vivo ICG clearance to determine 
the alterations in active hepatocellular function following the 
onset of sepsis. Paumgartner et al" suggested that the capaci- 
ty of the liver to remove ICG has a maximal limit, and demon- 
strated that the classic Michaelis-Menten kinetics could be 
applied to the initial ICG uptake in rat and human livers. They 
postulated that when all hepatocellular receptor sites for ICG 
are occupiec, removal eapacity is at its maximum.” Since 
saturation can theoretically be attained despite fluctuations 
in hepatic blood flow and other variables, V. as estimated 
from three or more submaximal doses of ICG appears to be an 
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Table 2.—Alteration in Mean Arterial Pressure (MAP), Body 
Temperature (BT), Systemic Hematocrit (Hys), and Oxygen 
Saturation (S,O,) Following Cecal Ligation and Puncture 
(CLP) and Sham Operation 


Hours After CLP or Sham Operation 


Variables 2 5 10 20 


MAP, mm Hg 
Sham 112.5x5.2 111.043.2 112.5+3.6 115.7+5.7 


106.5+4.9 115.2+3.6 106.7+2.7 103.8+10.4 


35.1+0.3 
35.5+0.1 


35.1+0.4 
36.1+0.3 


35.5+0.1  35.4-02 
36.8+0.2* 35.3+0.3 


45.0+0.6 


49.5+0.9* 49.5+1.5* 


86.3+1.6 85.7+3.1 
89.4+0.8 88.5+2.1 


*P<.05 compared with sham-operated rats by unpaired Student's t test. 


ideal variable for evaluating active hepatocellular function. ?'* 


The ICG clearance technique has been widely used in humans 
as well asin laboratory animals.*” However, such a technique 
requires removal of multiple blood samples for determining 
ICG concentration?” or V from two doses of ICG adminis- 
tered in two different groups of rats by blood sampling and in 
vitro ICG measurement.” Since the in vivo ICG clearance 
method is not fraught with the above difficulties, we have 
used it to:determine active hepatocellular function in rats.'*” 
This technique permits us to measure ICG concentration in 
vivo without blood sampling.“* With this method, we were 
able to administer multiple doses of ICG to the same rat and 
record two to four ICG clearance curves. In addition, the 
fiberoptic catheter and IVH can be used for determining 
effective hepatic blood flow, cardiac output, and arterial oxy- 
gen saturation." Our recent studies have shown that the V... 
of the clearance of ICG is significantly decreased following 
major hepatectomy” or following hemorrhage despite crys- 
talloid resuscitation. " 

In the present study, the V... value obtained 2 hours follow- 
ing sham operation (1.125 +0.114 mg/kg per minute) was less 
than half the value reported in previous studies that used 
higher doses of ICG (20 to 25 mg/kg). ™ The reason for this 
was discussed in detail in our recent study." Briefly, the lower 
V „x We observed is due to the fact that Paumgartner et al" 
and Rikkers and Moody" inaccurately assumed first-order 
elimination kinetics of ICG. This assumption resulted in erro- 
neously large values for the initial velocity of the clearance of 
ICG. Therefore, the V... values determined from those stud- 
ies” were predictably larger. It should be noted that we used 
a second-erder polynomial model to estimate the initial veloci- 
ty of the clearance of ICG in our previous study." However, 
since the residual errors of the polynomial equations are 
larger than that of e raised to a second-order polynomial," we 
chose the latter for the determination of the initial velocity of 
the clearance of ICG in this study. 

Our results indicate that V,,,. and K, are depressed very 
early after the onset of CLP. Since a decrease of 28% in V... 
and 45% in K,, was observed 2 hours after CLP, it could be 
concluded that the active hepatocellular dysfunction occurs 
extremely early in sepsis. Moreover, there was a further 
decrease in active hepatocellular function with the progres- 
sion of time following CLP. It is of interest to note that, while 
Vin. and K, are significantly depressed 2 to 10 hours after 
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blood f flow and cardiac output did not decrease even 20 hours 
after CLP. While the decrease in hepatic microvascular blood 
fow. indieates that hepatic surface microcirculation is de- 
pressed, the fact remains that arterial blood pressure and 
cardiac output did not decrease significantly 20 hours after 
CLP. Whether the difference between effective hepatie blood 
flow and hepatic microvascular blood flow 20 hours after CLP 
is due to different methods used for these two measurements 
or redistribution of hepatic blood flow needs to be deter- 
|. mined. Linear regression analysis also demonstrates that no 
v 0 good linear correlation exists between active hepatocellular 
c. funetion (V,,,, and K,) and hepatic blood flow (hepatie micro- 
(^5 vascular blood flow and effective hepatic blood flow) cr cardi- 
ac output. Thus, the depression in active hepatocellular func- 
: = tion in early sepsis (up to 10 heurs after CLP) is not due to any 
decreases in hepatic blood flew or cardiac output. Since V pa 
and K, did not change 20 hcurs after sham operation, it is 
unlikely that the decrease in V,,, and K, in septic animals was 
due solely to the elapsed time following surgical procedures. 
The hepatic ER of ICG decreased significantly 10 to 20 hours 
after CLP. Active hepatocellular dysfunction and/or ICG 
leakage cue to the damage of hepatocellular membrane may 
have contributed to the alteration in hepatic ER of ICG at that 
stage of sepsis. 
Since cardiac output and hepatic blood flow (ie, effective 
| hepatic biood flow and hepatic microvascular blood flow) in- 
» . . ereased and total peripheral resistance decreased 2 to 10 
TS hours after CLP in the rat, it could be concluded that such 
animals Ge, 2 to 10 hours after CLP) were in the hyperdyna- 
. mie phase of sepsis. The magnitude of the increase in cardiac 
put (21.5% to 38.4%) 2 to 10 hours after CLP was quite 
imilar te that reported by Lang et al? in rats after intraperi- 
~ toneal administration of a pooled fecal inoculum. It could, 
therefore, be argued that the reason why active hepatocellu- 
lar function was depressed 2 hours after CLP is that adequate 
resuscitation was not provided after the onset of CLP in our 
sepsis model. While this may be so, since the rat only received 
3mL/100 g BW normal saline following CLP, the fact remains 
that cardiac output was inereased and blood flow to the liver 
was also inereased. Whether additional fluid resuscitation in 
our mode! will delay the depression of active hepatocellular 
function remains to be determined. 
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The precise mechanism responsible for the hepatocellular 
dysfunction in early sepsis is not completely understood. 
Previous studies from our laboratory have shown that, even 
10 hours after CLP, there were no significant changes i in 
hepatic, renal, or muscle adenine nuclectide levels.” There- 
fore, the decrease in V,,, and K, 2 hours after CLP is not 
caused by a decrease in “hepatic adenosine triph sphate lev- 
els. Heimburger et al” reported that endotoxin may have a 
direct effect on the hepatocyte, and endotexin 
ters cellular energetics and active hepatocell 
In this regard, Liu and Ghosh*™ also reporte: 
down regulates hepatocyte adrenergic recept 
and in vitro experiments. Although there 
endotoxin levels in sepsis,” the amount of end 
was much less than that required to produce a significant _ 
hypotension." Moreover, other investigators have failed to ge 
support the hypothesis that shock and fatality i in gram-n 
tive sepsis are the results of circulating endotoxin. " Trun- . 
key and associates" demonstrated that the infusion of live 
Escherichia coli caused a decrease in skeletal muscle mem- 
brane potential. Similar results were also observed m the — 
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hepatic membrane potential is responsible for the defect in — 
active hepatocellular function 2 hours after (he onset of sepsis 
remains to be determined. In addition, alterations in hepato- xr 
cyte calcium” and signal transmission pathway," margin- 
ations of activated polymorphonuclear leukocytes into the 
liver? maerophage-mediated effects," and direct damage of 
hepatic membrane may also contribute to active hepatocellu- 
lar dysfunction observed in early sepsis. 2 
In summary, marked depression in active hepatocellular = 
function, measured by in vivo ICG clearance, has been ob- 
served extremely early in sepsis. Since active hepatocellular __ 
function progressively decreased despite the elevation in he- > 
patic blood flow and cardiac output in early sepsis (up to 10 
hours after CLP), it could be concluded that the depressionin — 
active hepatocellular function is not due to a decrease in = 
hepatie blood flow. The extremely early depression i in active 
hepatocellular function, despite the elevation in hepatic blood ^ 
flow and cardiac output, may form the basis for cellular dys- 
functions leading to multiple organ failure during sepsis. E 
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Discussion 


Lineweaver-Burk equation in the setting of a polynomial clearance 
relationship. Would the ICG absorption invalidate the laser Doppler 
flow methedology? 

JOSEF E. FISCHER, MD, Cincinnati: Was this model hypovolemic? 
There is the issue of altered arterial vs portal flow in the splanchnic 
bed. 

DR WANG: There is a spectrum of results relating hepatic blood 
flow to the-hemodynamic alterations in disparate septic models and in 
man. In this study, the relatively hyperdynamic state may have 
defended the hepatic flow measurements. The alterations in ICG 
transport do appear to reflect other cell dysfunction as measured by 
membrane potential measurements. Our model is presumed to be 
euvolemic. as the rats were well fed and able to mount a hyperdyna- 
mic response. 


Clinical Relevance Statement 


.. Confusion currently exists regarding how best to define the sys- 
. temic manifestations of infection. It is becoming increasingly clear 
that even localized infeetion, perhaps without bacteremia or endotox- 
emia, can trigger an overexuberant postdefense response that is 
loosely defined as the “septic state.” Most patients, however, do not 
invariably exhibit severe manifestations of sepsis such as hypoten- 
sion, metabolic acidosis, and multiple system organ failure. More 
commonly, a gradual progression with increasing severity of disease 
and a concatenation of sequential organ failure occurs. Compreken- 
sion of the initial steps in this process is critical to halting the result, 
ie, multiple system organ failure and death. Two extremely impor- 
tant points are emphasized by this study: (1) the organ-specific, and 








presumably cellular manifestations of sepsis occur very early after 
the septic insult, prior to changes in variables that are currently 
monitored in the intensive care unit, and (2) the early septic changes 
can, in faet, be detected by noninvasive, simple, but innovative 
methods. This study should point surgical clinicians in the overall 
direction of early noninvasive diagnosis of sepsis, and may eventually 
allow other new modalities to be used as primary intervention in a 
carefully targeted manner to interdict the deleterious host response 
prior to the occurrence of organ failure. 


Davip L. Dunn, MD, PuD 
Minneapolis, Minn 
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— An Adverse Wound Environment Activates 


7 : Leul ocytes Prematurely 


Brent R. W. Moelleken, MD; Stephen J. Mathes, MD; Andreas Amerhauser, MD; Heinz Scheuenstuhl; Thomas K. Hunt, MB 


e This study was designed to evaluate the effect of different 
wound environments on wound activation. Our wound model 
provided two distinct environments, a well vascularized muscu- 
locutaneous flap and a poorly perfused random-pattern flap, in 

miniature swine. Leukocytes were isolated and analyzed by the 
^ following three variables: surface and total cellular Mac-1 
| (CDT1b/CE18) superoxide anien expression, and lactoferrin re- 
ten m Leukocytes from the unfavorable, poorly oxygenated 
wound | 


environment activate on entry into the wound. Leuko- 
)m the musculocutaneous flap wound are better able to 
a maximal challenge with the phorbol ester, phorbol 
.. myristate acetate. These findings may account for the enhanced 
pactericidal actions of the musculocutaneous flap compared 
with the random-patte flap observed clinically. 
(Arch Surg. 1991 ;126:225-238) 

















yr publication November 3, 1990. 
vision of Plastic and Reconstructive Surgery, University of 
'ranciseo School of Medicine. 


he Tenth Anniversary Meeting of the Surgical Infeetion Soci- 


Ohio, June 10, 1990. 

ests to Division of Plastic and Reconstructive Surgery, 533 
diversity of California San Francisco School of Medicine, 
14 94143 (Dr Mathes). 















ol 126, February 1991 


ing reperfusion, and in microsurgical flaps after release of 
clamps.** The same neutrophil products that are critically 
important in providing the first line of defense against infee- 
tion may also be deleterious if improperly discharged." The 


efficacy of the neutrophil against bacteria is determined by its _ a 


state of activation; the higher the state of activation, the - 


greater the release of granular products, superoxide radicals, — | 


and other products toxic to bacteria.” A clear understanding 


of leukocyte activation within specific wound environments js | 
necessary if we are to modulate leukocyte function to obtaina a 


desired clinical effect. 


Concurrently with activation, neutrophils express the Mac- D 


1 receptor (also known as the C3bi receptor, CD11b/CDI8, 


Mol, or CR3) on their surface, increasing its mobilization 8 


from the intracellular storage granules to the cell surface. In | 


addition to being a sensitive and specific marker for activation _ C 
state, Mac-1 is an important membrane giyeoprotein of the 
membrane integrin family. Its numerous functions indude . 
leukocyte adhesion and aggregation, probably by usingextra- _ a 


cellular matrix components as ligands, enabling the neutro- — 
phil to escape from the circulation through diapedesis and 
enter the wound. Patients with an inherited defect in CD18 
(including Mac-1) synthesis have leukocyte adhesion disease 
(LAD). In the face of infection, they may mount white blood 
cell eounts in excess of 100 000/dL, but the neutrophils are 
unable to reach the wound. 
MATERIALS AND METHODS 
Overview 

A single stainless steel mesh wound cylinder was enclosed within 
the deep surfaces of a latissimus dorsi musculocutaneous (MC) flap 
and the contralateral random-pattern (RP) flap of 30 Yucatar: minia- 
ture swine aged 6 to 8 weeks. The vascular anatomy of these models . 
was confirmed by barium latex and anatomic and radiolabeled xenon 
flow studies (Fig 1). Wound fluid from each cylinder and peripheral. 
blood was aspirated at 3 and again at 7 days after implantation, at- 
which time neutrophil kinetics demonstrated maximal diapedesis into - 
the wound cylinders (Fig 2). The neutrophils were isolated from the 
wound fluid and analyzed. | 


Wound Cylinders 
Cylindrical stainless steel wound cylinders measuring 4 cm in 
length and 1 cm in diameter were surrounded by a latissimas dorsi 
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Half-life of Xenon 133, min (n=3) 





Sample 1 2 3 


Day 1 Day 3 Day 7 


Fig 1.— Calculated half-life of xenon in two wound environments. At 
both timepoints, musculocutaneous flaps (closed bars) had a lower 
half-life. and therefore cleared radiolabeled xenon more effectively, 
than dic random pattern flaps (shaded bars). Radiolabeled xenon was 
injectec into stainless steel wound cylinders and the disappearance of 
xenon monitored with a gamma camera. Error bars indicate SDs. 





Fig 3.—Left, Barium latex roentgenograph of musculocuta 
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Days After Surgery 


Fig 2.—Neutrophil accumulation in musculocutaneous (line with 
squares) and random-pattern (line with diamonds) wound environ- 
ments expressed as millions of cells. Note that wound cylinders were 
completely aspirated at each time point (indicated with red asterisks), 
So that at any given time, the majority of neutrophils sampled repre- 
sented freshly diapedesed neutrophils. Note more rapid accumulation 
of neutrophiis in random pattern environment. Trials were carried out 
in triplicate. Bars indicate SDs. 





neous flap. Note a single thoracodorsal arterial pedicle with 


multiple musculocutaneous perforators. Right, Random-pattern flap raisec above the level of the muscle. Note multiple 
transsected musculocutaneous perforators in the random pattern flap. 


MC flap on the left side of the animals, and by an equal-sized RP 
counterpart on the right side. The flaps were designed with the 
length-width ratio of 2:1 (13 em x 6.5 em) so that they provided 
significantly different vascular milieus (Fig 3). The flaps were fol- 
lowed up to 14 days in preliminary animals and the flaps were docu- 
mented to survive completely. Wound fluid was aspirated with a 20- 
gauge needle at an inspired oxygen content of 0.4 at 3 and 7 days after 
surgery. The cylinders were then rinsed free of remaining neutro- 
phils wizh a balanced saline solutien. These times were chosen be- 
cause a separate trial evaluating neutrophil accumulation as a fune- 
tion of time revealed that sufficiently large numbers of neutrophils to 
perform the necessary assays accumulated within this period (Fig 2). 


Roentgenographic Studies 


Barium latex injections into the femoral artery and magnification- 
grade roentgenography to assess the vascular anatomy of each type 
of flap ecnfirmed the similarity to that found in the human (Fig 3). 
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Xenon Flow Studies 


Xenon 133 was injected into wound cylinders and, in separate 
trials, into the dermis of the MC and RP flaps, and its disappearance 
was monitored on a gamma counter. These measurements provided 
both a measurement of xenon washout and a comparison between 
flow in the flap dermis and underlying cylinder. 


Neutrophil Isolation 


Neutrophil isolation was performed using dextran T-500 (496 in 
0.85% saline) sedimentation and a discontinuous Ficoll-Hypaque 
(Sigma Chemicals, St Louis, Mo) gradient by a modification of the 
method described by Zimmerli et al.” This procedure is a well-estab- 
lished assay that allows isolation of more than 97% of the neutrophils 
with 97% viability by the trypan blue nuclear exclusion technique.” 
Typical morphologic features of neutrophils were confirmed by light, 
phase, and fluorescence microscopy. N eutrophils were isolated at 4°C 
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serious activation." The limulus assay confirmed re- 
‘endotoxin. Trials were conducted with or without 
phorbo! myristate acetate (PMA). 


| Technique for Chemiluminescence 


2 ~ Lumino mediated chemiluminescence was caused by neutrophil 
superoxide radi 








dde radical production, and was measured by a technique 
previously deseribed by Metcalf et al.” Leukocyte concentration was 
adjusted to 2: 10'/mL. Luminol was added to scintillation vials with 
or without FMA. 


Lactaferrin Enzyme-Linked Immunosorbent 
ssay (ELISA) for Monitoring Specific Granules 


Lactoferrin was measured with an ELISA. A 96-well piate was 
coated withantilactoferrin antibody. Neutrophil samples were maxi- 
mally stimulated with PMA and the cells were induced to express 

. their lactoferrin maximally. The supernatant was collected and 

: placed on theantilactoferrin-containing plate. When treated with an 
antilactofer-im conjugated with peroxidase, the samples were quanti- 
tated onan ELISA reader. 


Detection of Mac-1 Expression 


A new ELISA capable of measuring Mae-1 both on whole (surface 
Mac-1) and lysed cells (total cellular Mae-1) was developed. Positive 
(P-388 maccorhage cell line, which constitutively expresses Mac-1) 
and negative controls (HeLa cells testing negative for Mac-1) at 
graded consertrations were employed in initial determinations and 
sensitivity ef the ELISA was determined to be more than 90%. 

For whos-«ellular assays, live cells were placed directly onto 
ELISA plates and treated with glutaraldehyde. For lysed-cellular 
assays, cells were prestimulated with PMA, then frozen and thawed 
three times before being applied to plates in concentrations equiva- 
lent to who e-«ellular assay. 

Cells were placed in equal concentrations onto 96-weil plates 
05x 10* cells per well) and treated with 2% glutaraldehyde in phos- 
~~ phate-buffered saline (PBS) to fix cells to the ELISA plate. The 

|. plates were then treated with 0.5% bovine serum albumin for 30 


cm _ minutes at. room temperature to overnight in a refrigerator to bind 















NL 


|. unocceupiec gutaraldehyde moieties. Cells were washed four times 
with PBS/poi »sorbate. 

Plates were treated for 1 hour at 37°C (monoclonal antibody con- 

- centration, 35 g/L) with OKM1 hybridoma-derived monoclonal anti- 

body. The primum concentration of OKM-1 was determined to be 

200 ug OK M1 per well. Wells were washed four times with PBS/poly- 

sorbate ani subsequently incubated for 90 minutes in peroxidase- 

conjugated F ab’), fragments of goat anti-mouse IgG to establish a 

quantifiable tracer that can be subsequently measured in an ELISA 

reader. Ce ls were again washed four times with PBS/polysorbate, 

and incubated for 15 minutes in 0.1 mL peroxidase substrate. The 

reaction wasstopped with 0.025 mL 8-N sulfuric acid and the optical 
























macrophage cells were positive controls, 


"mun oprecipitation for Detection of Mac-1 


ivity of monoclonal antibodies with pig Mac-1 was con- 


scandard immunoprecipitation reactions. "^ 
Statistical Analysis 


test was employed for comparing control values with 
il data point (ie, MC and RP). 


RESULTS 
Wound Model 


Anatortic dissections performed on the latissimus dorsi 
muscle and overlying skin of Yucatan miniature swine re- 
vealed ar MC anatomy with a single thoracodorsal artery 
supplying the latissimus muscle from the axilla. On the side 

itr: “al to the latissimus dorsi muscle, an almost identi- 
on was carried out, except that a dissection plane 
subcutaneous fat and latissimus muscle was 

iple MC perforators were encountered and divid- 
ap circulation provided by proximal vascular con- 
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Table 1. — Three- and 7-Day Measurements of:pH and Po, on 
Wound Fluid 








Environment 


Random pattern 
Peripheral blood 






nections with the subdermal plexus. 

Barium latex anatomic studies in miniature swine con- 
firmed the presence of a thoracodorsal artery and MC perfo- - 
rators in the latissimus dorsi MC flap (Fig 1). On the centra- _ 
lateral side (RP flap), no central perforator was present; 
instead, transsected, randomly distributed MC perforators . 
predominated. The miniature swine thus possessed an MC | 
pattern similar to that of human cadavers studied by Mathes — 
et al.’ Measurements of pH and Po, (performed with a- 
standard arterial blood gas machine) on wound fluid immedi- 
ately after aspiration supported findings of a hypoxic enyviron- 
ment in RP flap cylinders and near systemic values inthe MC | 
environment. Animals were inspiring 40% oxygen by tight, 
nonrebreathing face mask at the time of determinations (Ta- 
ble 1). ; 


Cylinder Blood Flow 


Radiolabeled xenon washout was observed to be grezter at 
3, 5, and 7 daysonthe MC side than on the RP side, confirming 
the similarities of human and porcine MC anatomy with re- 
spect. to blood flow. The differences were noticeable as early 
as 45 minutes after injection and achieved statistical signifi- 
cance at 3, 24, and 48 hours. 


Neutrophil Accumulation 


Neutrophil accumulation within wound cylinders was such. _ 
that two aspiration samples consisted mainly of newly arrived = 
neutrophils. More neutrophils accumulated under RF flaps 
than under MC flaps (Fig 2). Light microscopic examination of | 
excised wound cylinders revealed the ratio of cylinder to- 
residual neutrophils to be in excess of 1000:1 after washing. 
chambers at the time of sampling, confirming that the reaceu- - 
mulation of neutrophils consisted largely of fresh neutrophils. - 


Chemiluminescence Assay 


Leukocytes from MC, RP, and peripheral blood were com- - 
pared with respect to their baseline production of superoxide - 
radical and their maximally stimulated (with PMA) output, at » 





both 3 and 7 days. At 3 days, RP cells exhibited marginally 
higher baseline or stimulated superoxide radical proc uction 


thar. MC cells (differences were not significant), However, at- 
day 7, MC cells had greater superoxide radical procuetion 
(P<.05) than did RP-associated cells (Fig 4). Musculceutan- . 
eous cells exhibited a threefold increase in responsiveness to 
PMA compared with cells from the RP wound cylinder 
(P<.02). 


Lactoferrin Assay 


At the 3-day sampling point, leukocytes from the hypoxie, 
acidic RP wound had lower levels of lactoferrin (P<.02) than 
did MC-associated cells; more lactoferrin had been degranu- 
lated from RP leukocytes as they became progressively acti- 
vated. This trend was more pronounced for the 7-day samples. 
(P<.05), in which RP leukocytes exhibited lower remaining 
levels of lactoferrin. These data support the chemilumines- 
cence data and indicate that the timing of activation of RP — 
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Chemiluminescence, dpm x 1000 (n 


3-Day 7-Day 7-Day P 


Fig 4. — Diagram of chemiluminescence (in disintegrations per minute) 
of polymorphonuclear neutrophils isolated from musculocutaneous 
(closec bars) and random-pattern (open bars) wound environments 
and peripheral blood (shaded bars). In each case, cells were maximal- 
ly stimulated with phorbol myristate acetate (PMA) to assess maximal 
reserves of the polymorphonuclear neutrophils. At 3 days, random- 
pattern cells exhibitec a small (differences not significant) increase at 
baseline and stimulated superoxide radical production compared with 
musculocutaneous cells. However, at 7 days, musculocutaneous cells 
had higher baseline production of superoxide radical (P<.05) and 
much greater stimulated production of superoxide radical (P<.02). 
This indicates that random pattern—associated cells activated prema- 
turely and had minimal reserves remaining when maximally stimulat- 
ed. By comparison, musculocutaneous-associated neutrophils were 
very capable af mounting a response to a maximal stimulus. Bars 
indicate SDs. 


Teble 2.— Three- and 7-Day Measurements of Lactoferrin 


Levels 





No. of 
Samples 


Wound 
Environment 7-Day 


Musculocutaneous 4.03 6 


Random pattern 5.98 2.97 6 
Peripheral blaod 6.71 6.70 6 


3-Day 
8.42 


leukocytes was unfavorable compared with MC cells (Table 
2). 


Mac-1 Surface Expression 


Results from surface Mac-1 assays on six Yucatan minia- 
ture swine using the newly developed Mac-1 ELISA are 
indicated in tabular form (Table 3) and graphically (Fig 5). At 
the 3-day sampling, RP cells exhibited higher Mac-1 levels 
than did MC leukocytes (P<.05), indicating a greater activa- 
tion state of the RP cells. In response to a maximal stimulus, 
each recruited equal amounts from granular Mac-1 stores 
(differences were not significant). 

At the 7-day sampling, RP surface Mac-1 was again higher 
than MC Mac-1. However, stimulated Mac-1 was significantly 
higher :n the MC group than in the RP group. These differ- 
ences appear to be related to the ability of MC cells to synthe- 
size the protein suburits that become incorporated into Mac-1 
(see total cellular Mac-1 data). 
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Tabie 3.— Surface and Total Stimulated Cellular Mac-1 
Expression* 
















Wound 
Environment 


Surface Mac-1 
Muscutocutaneous 


Random pattern 
Peripheral blood 


Total Mac-1 
Musculocutaneous 1.375 


Random pattern 1.101 
Peripheral blood 1.202 


*PMA indicates phorbol myristate acetate. 


3-Day 3-Day PMA 7-Day 7-Day PMA 







6.30 
7.55 
6.15 


























COMMENT 


Musculecutaneous flaps have considerable clinical utility 
due to their ability to heal and cover complex, chronically 
infected, previously unsalvageable wounds" caused by os- 
teomyelitis, radiation necrosis, and pressure ulcers." It has 
been suggested that muscle-containing flaps activate leuko- 
cytes to greater bactericidal efficiency.” Musculocutaneous 
flaps havemarkedly better blood supply and oxygen delivery 
than conventional RP flaps.^" The intracellular killing of 
bacteria in the presence of muscle may therefore be greater at 
the individual neutrophil level."? The anti-infective proper- 
ties of the MC flap may be mediated by individual neutrophils 
acting at different levels of bactericidal efficiency, a phenome- 
non that is perhaps linked to the superior blood flow and 
oxygenation of the muscle flap. 


Cylinder Blood Flow 


Data from our laboratory have shown that MC flaps have 
superior dermal blood flow by the second through the 15th 
postoperative days. 

The data presented here suggest that a hollow stainless 
steel cylinder surrounded by tissue is similar to the adjacent 
vascular milieu, since cylinder blood flow is similar to dermal 
blood flow. It is in equilibrium with the overlying tissue, and 
therefore does not mimic an abscess (Fig 2). 

It is likely that the oxidative products released by RP 
neutrophils contribute to local tissue damage and potentiate 
the acidic conditions that characterize the RP flap, accounting 
for even mere striking differences at 7 days than at 3 days (see 
pH and Po, values for 3 and 7 days). It is known that 2 weeks 
are required in a similar model before the delay phenomenon 
returns the RP flap to the level of the MC flap,” so that the 
effects of oxidative tissue damage due to degranulated leuko- 
cytes may exceed restorative effects of capillary ingrowth at 
the 7-day time point tested in this study. 


PMA Stimulation 


Control and PMA-stimulated neutrophils were used to 
quantitate the reserve of the neutrophil. Stimulation with 
PMA is a maximal leukocyte stimulus, and is believed to be 
analogous to maximal physiologic stimulation. The question 
may arise as to whether intracellular calcium measurements 
should be made in cells under various conditions. This is not of 
primary interest to this project, since the presence of intracel- 
lular calcium has been well established as an important media- 
tor of f-met-leu-phe receptors and binding,” but not after 
stimulation with PMA, which has been shown to be indepen- 
dent of free-cytosolic calcium. Either stimulus elicits a potent 
activation response and up-regulation of Mac-1. In our hands, 
the response exceeded that of f-met-leu-phe, calcium iono- 
phore, and C5a. 
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Fig 5.—Levels of surface Mac-1 receptor as determined by an en- 
zyme-linked immunosorbent assay developed for this study. Results 
are shown for 3- and 7-day time points. At 3 days, random-pattern 
(open bars) cells exhibited higher baseline levels of Mac-1 than mus- 
culocutaneous (closed bars)-associated cells (P<.05), indicating that 
they have a higher activation state. On maximal stimulation at 3 days, 
random-pattern cells manifested higher levels of Mac-1, in contrast to 
total cellular Mac-1 (Fig 6), which are higher in musculocutaneous 
cells. Perhaps this reflects a rate limitation in trafficking of Mac-1 to the 
cell surface. At 7 days, random pattern Mac-1 baseline levels were 
again higher. On maximal stimulation with the phorbol myristate ace- 
tate (PMA), musculocutaneous-associated cells produced higher lev- 
els (P<.05). It appears that musculocutaneous cells had a more 
favorable timing of activation than did random-pattern cells — main- 
taining their reserves—but may have undergone protein synthesis 
and made additional Mac-1. Bars indicate SDs. 


7-Day 


Chemiluminescence Data 


The chemiluminescence data indicate that neutrophils ap- 
pear to activate on entry into a poorly vascularized wound. 
Random-pattern cells activate and exhaust their reserves. 
Leukocytes from the well-perfused wound maintain their 
ability to release superoxide and lactoferrin until subsequent- 
ly stimulated (Fig 4). It has recently been demonstrated that 
Po, influences, in a dose-dependent fashion, the myeloperoxi- 
dase pathway in neutrophils.“ Hexose monophosphate shunt 
activity, hydrogen peroxide production, and hydroxy] radical 
production were all directly affected by the Po,. Products of 
the myeloperoxidase pathway, including hypochlorous acid 
and the so-called stable oxidants,”” were inversely related to 
oxygen content, probably as a result of depletion of these 
substances at higher Po,. Neutrophils were observed to ex- 
hibit a dramatic decrease in oxidative function at tensions less 
than 10 mm Hg. Areas of Po, in that range are encountered in 
many wounds. 


Lactoferrin Expression 


The chemiluminescence data corroborate the laetoferrin 
trials. More lactoferrin is expressed immediately on entry 
into the wound of RP cells than for MC-associated neutro- 
phils, with resultant rapid depletion of RP lactoferrin stores. 
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Total Cellular Mac-1, 450 nm 





3-Day 


3-Day PMA 7-Day 7-Day PMA 


Fig 6.—Total cellular Mac-1 is increased at all time points in cells of the 
well-vascularized wound (musculocutaneous, closed bars), indicating 
perhaps that these polymorphonuclear neutrophiis underwent protein 
synthesis and created additional Mac-1. Differences are more striking 
at the 7-day time point, perhaps because of the accentuated disparity 
in pH and PO, observed at this timepoint. Error bars indicate SDs. 
Open bars represent random-pattern cells, and shaded bars, Deriph- 
eral blood. 


Mac-1 Receptor Expression 


Mac-1 receptor expressions were assayed by monoclonal 
antibodies directed against antigens in the receptor in z newly 
developed ELISA. The Mac-1 receptor is also known as the 
C3bi receptor, the CR-3 receptor, Mol, and CD11b/CD18. 
The Mac-1 receptor in humans is composed of an alpha subunit 
(170 kd), CD11b, which is unique to this integrin, and a beta 
subunit (95 kd), CD18, which it shares with twe other in- 
tegrins in the same subfamily (LFA-1, gp 150/95). ^ 

Functionally, the Mac-1 serves primarily as a comp.ement 
receptor or CR-3. Another function of the Mac-1 may be to 
help the neutrophil adhere to such substances as fibronectin,” 
collagen, and fibrin. Mac-1 serves as a sensitive indicator of 
neutrophil state of activation; as the neutrephil becomes suc- 
cessively activated, Mac-1 located within intracellular gela- 
tinase-containing granules, or perhaps on the membranes of 
lactoferrin-containing (specific) granules (a source of debate), 
translocates by means of the cytoskeleton to the cell surface, 
where it can be measured with surface Mac-1 assays. 

The data from the surface Mac-1 studies corroborate the 
findings that leukocytes activate more on entry into an ad- 
verse environment (RP cells) than into a physiologic environ- 
ment (MC leukocytes) In the 7-day maximally stimulated 
group, more Mac-1 was present on the surface cf MC cells 
(P<.05). It is likely that protein synthesis may account for the 
greater levels of total cellular Mac-1 observed in MC 
leukocytes. 

The wound model presented here with MC and RP flaps 
wrapped around hollow stainless steel wound cylinders in the 
Yucatan miniature swine possesses important similarities in 
anatomic, vascular, and blood flow patterns to the human. 
This is corroborated by xenon flow studies, radiolabeled xe- 
non half-life, anatomic dissections, and barium latex injec- 
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dye 









, By three variables, namely, surface and whole cellular 
_Mae-1 expression (and increased Mac-1 synthesis as deter- 
mined by radioactive sulfur 











oferrin expression, cells from an unfavorable wound environ- 
ment (RP) exhibited premature (and inappropriate) activa- 
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mor Necrosis Factor Alone 
-. Does Not Explain the Lethal 
- Effect of Lipopolysaccharide 


Leopoldo Sanchez-Cantu, MD; Harold N. Rode, PhD; Theodore J. Yun; Nicolas V. Christou, MD, PhD 


.* Lethality and tumor necrosis factor production induced by 

.. different types of lipopolysaccharide were studied in naive (non- 
__ primed) rats during the late phase of endotoxin tolerance. The 
|^. correlatior with antilipopolysaccharide antibodies was also ana- 
^s. Mzed. No correlation was found between tumor necrosis factor 
levels and lipopolysaccharide-induced mortality in naive ani- 
.ow-toxicity lipopolysaccharide preparations induced lev- 
f tumor necrosis factor similar to those induced with more 
de types of lipopolysaccharide. Late tolerance was associated 
srogsessively lower levels of lipopolysaccharide-induced 
icrosis factor and increasing titers of antilipopolysac- 












charide entibodies after repeated injections of homol- 
ogous lipopolysaccharide. During late entodoxin tolerance, a 
direct correlation between the lipopolysaccharide dose and peak 
tumor necrosis factor serum levels was found. We conclude that 
since tumor necrosis factor serum levels do not correlate with 
mortality, *umor necrosis factor alone cannot explain the lethal 
| effect of lipopolysaccharide. | 
(Arch Surg. 1991;126:231-235) | 
















; necrosis factor (TNF)/cachectin can be detected in 
eral blood within 15 minutes after lipopolysaccha- 


ter LPS injection 
TNF is cleared from 


mal or mo al an -TNF antibodies be- 
inistration of either TNF, LPS, or live bacteria 
d animals from lethality. ^? Although TNF plays a 
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central role in endotoxie shock, there is also evidence that 
TNF cannot by itself account for the toxic effects of LPS. - 
High levels of TNF may be induced with nontoxic forms of | 
lipid A, which is the active portion of the LPS molecule. - 
Studies have shown that exogenous TNF does not induce 
hemorrhagic necrosis or lethal shock unless it is combined- 
with LPS or other bacterial products, with interleukin 1, or 
maybe with some as yet undefined endogenous products." ^ = 
The use of bacterial products for therapeutic purposes Or | 
for the study ofthe shock-inducing potential of gram-negative 
bacterial infections revealed the development of a trarsitory 
unresponsiveness to the effects of endotoxin induced by the 
administration of sublethal doses of LPS. This phenomenonis ^ 
called “endotoxin toleranee."?" Tolerance develops m two 
temporally distinct phases: early and late. The early phase. 
develops in as little as 1 hour after the firstexposureto LPS, = 
is transient, and requires closely spaced or continuous endo- — — 
toxin infusion for maximal maintenance. It is not O-antigen 
specifie or associated with increases in circulating antiendo- 
toxin antibodies, but is a macrophage-mediated phenom- 
enon.” 3 
The late phase of endotoxin tolerance has been deseribedin 
relation to the pyrogenic and Schwartzman reaction-eliciting. 
properties of endotoxin. Detection of iate tolerance is de- 
layed, requiring 72 hours or more after the first exposure to: 
LPS to appear. It persists for weeks to months. It is highly, 
although not completely, specific for the O-type of encotoxi 
employed for the initial injection. It bears no relationship to. 
the intensity of the initial pyrogenic response, is asseciated 
with inerements in antiendotoxin antibodies, and is retarded, 
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but it is not prevented in hosts with impaired antibody- 
synthesizing capabilities." : i 

The relationship between LPS toxicity and TNF seru 
levels was explored using the endotoxin shock model. Th 
presence of very low levels of LPS-induced TNF during the 
early phase of endotoxin tolerance has been previously ana- 
lyzed.**? In this study, the LPS-induced serum levels of 
TNF during the late phase of endotoxin tolerance and their 
relation to anti-LPS antibodies were studied. | 
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TS AND ME: 'HODS 
Animals 


Male Wistarrats, weighing between 200 and 300 g (Charles River 
Canada Ine, S: Constant, Quebec), were housed two to three per 
cage, fed reguiar rat chow, and maintained in a 12-hour, dark/light 
cycle at a temperature of 21. TC to 22.8°C. All procedures were 
approved by the Animal Care Committee of McGill University, Men- 
treal, Quebec. 










LPS Treatment 


XS Lipopolysaecharide preparatiens used included Escherichia coli 
. 0127:B8 (trichlbroacetic acid extract, Difco, Detroit, Mich); E coli 
026:B6 ‘Sigma, St Louis, Mo, phenol extract ); E coli 0111:B4 (Sigma, 
phenol extract); Pseudomonas aeruginosa (Sigma, phenol extract); 
and Saimonella typhi (Sigma, phenol extract). Lipopolysaccharides 
were diluted ir: pyroger-free 0.9% sodium chloride solution and in- 
jected intrapertoneally in a volume of 1 mL/100 gof body weight. 


Blood Samples 


Blood was oktained by retro-orbital plexus puncture with a capil- 
lary tube while the rats received light diethyl ether anesthesia. The 
blood was kept on ice and centrifuged at 1000 g for 20 minutes at 6°C. 
Serum was stored at —- 70°C until processed. 


TNF Determination 


Samples were thawed, diluted in a 1:10 solution of complete RPMI 
medium, and filter sterilized (0.22-um filters, Nuclepore, Toronto, 
Ontario). A eytetoxicity assay for TNF activity on the TNF-sensitive 
L929 ceil line was used, as described previously." 


Determination of Anti-LPS Antibody Levels 


The enzyme-inked immunosorbent assay technique was used.” 
Flast-boitom wells (Lincro/Titertex, Flow Labs, Mississaugua, On- 
tario) were coated with a 50-mg/L solution of E coli 0127:B8 LPS in 
buffer (sodium bicarbonate phosphate-buffered saline (PBS) with 
0.01-mal/L sodiam bicarbonate, pH 9.6, and 0.02% sodium nitrogen) 
anc incubated overnight (all steps were performed at room tempera- 
ture). After two washes with 0.1% bovine serum albumin (Boeh- 
ringer Mannheim, Mississaugua) in PBS (with 0.02% azide), wells 
were coated with 1% ESA im PES and incubated for 1 hour. Serial 
dilutions of the samples were loaded (100 u L/vwell [1:100 to 1:12 806p 
and incubated for 1 hour. After the samples were washed with 0.1% 
BSA in PBS (azide free), percxidase-conjugated rabbit antirat IgG or 

~ IgM (1:1000 diution of stock solution, Jackson Immunoreseareh 
. Labs, West Grove, Pa) was added and the plates were incubated for 
H hour aad washed again. 
The sabstrate, 0.5-g/L ABTS (Sigma), 0.1-mol/L citric acid, 0.05- 
- mmol/L sodium phosphate, and 0.003% hydrogen peroxide, (pH ad- 
|»;  justed to 4.3) was added (100 pLiweli) and incubated in a dark room 
_ for 15 minutes. One hundred microliters of 0.195-azide in PBS was 
-= added te stop the reaction, and the plate was read with a 410-nm filter 
^o^ on an enzyme-linked immunosorbent assay reader. A standard curve 
| was generated vith a pocl of serum samples from the tolerant rats, A 
«v value of 1 U/mL of activity was assigned to the activity present in the 
: dilution that preduced a 50% abserbance compared with the optical 
density reading in the undiluted sample pool. The optical density :n 
the sample was zransformed into units per milliliter by comparing it 
with the standard curve. The amount of antibody was caleulated from 
< the dilution in which the optical density most closely approximated 
` the 1-U’mL absorbance in the standard curve multiplied by the 
reciprocal of thedilution. 


Experimental Methods 


| Threeexperiments were performed: (1) A dose/response curve for 
peak TNF serum levels (measured at 90 minutes after LPS injection) 
and mortality at 72 hours was generated for E coli 0127:B7 LPS; (2) 
the lethal potencies of different types of LPS were determined with a 
~“ gecond dose/response experiment (3) late endotoxin tolerance was 
~ induced with three injections of LPS administered 21 days apart. 
o Anti-LPS antibedy levels anc LPS-induced peak TNF serum levels 
-were measured each time and a dose/response curve was generated 
. 21 days after the third cyele. 
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Table 1.— Tumor Necrosis Factor (TNF) Levels and Survival 
Rates After injections of Escherichia coli Lipopolysaccharide 
(LPS) 












LPS irre No. of Survivors/ Mean (+ SD) 
Total No. = Animals Peak TNF Levels, U 


[sa ar 8s — | 
[R9 eem 


Statistical Analysis 


Unpaired'Student's t test was used for comparison of two means; x 
analysis was used for comparison of proportions. Pearson's correla- 
tion coefficient and linear regression analysis through the least- 
squares estimation were used. À nonparametric rank correlation 
coefficient was used to compare TNF levels and survival. One-way 
analysis.of variance (ANOVA) was used to make comparisons of one 
variable between several groups. A two-sided probability (P«.05) 
was used to indicate statistical significance." 


RESULTS 
Lethality and TNF Production Induced With LPS 


Rats were injected (one dose per six rats) with 0.5, 5, 20, or 
50 mg/kg cf E coli 0127:B8 LPS. Tumor necrosis factor was 
measured in blood samples obtained 90 minutes after the LPS 
injection. The survival rate was recorded at 72 hours. An 
inverse correlation was found between peak TNF levels and 
LPS dose er = —.8020). The highest peak serum TNF levels 
were elicited with the nonlethal doses, and lower levels of 
TNF were induced with the highest dose (50 mg/kg) (Table 1). 
If TNF was the mediator of lethality, we would expect high 
TNF levels with lethal doses and lower or undetectable TNF 
serum leveis after a nonlethal challenge, rather than the lack 
of correlation that was found (r=.5, rank correlation 
coefficient). 


Lethality and TNF Production After Different Types of LPS 


Rats were injected with LPS from different species of the 
gram-negative bacteria E coli 012T:B8, S typhi, E coli 
0111:BA, P aeruginosa, and E coli 026:B6. Rats were initially 
injected with 6.6 mg/kg or 20 mg/kg of each type of LPS. 
Other dose groups were included, depending on the mortality 
observed for each class of LPS. The final doses injected (four 
rats per group) are shown in Figs 1 and 2. Survival rates at 
72 hours (Pig 1) and TNF serum levels 90 minutes after 
injection of LPS (Fig 2) were measured. From the survival 
rates, a median lethal dose and LD,, were calculated for each 
type of LPS by regression analysis (Table 2). 

Lethal petency was highest for E coli 0127:B8 and S typhi 
LPS, somewhat less for E coli 0111:B4 LPS, and even less for 
P aeruginosa LPS. However, E coli 026: B6 LPS was not 
lethal, evernat the highest dose administered (100 mg/kg). 

The peak TNF levels of all types of LPS were compared 
(using ANCVA) within dose groups and were found not to be 
significantly different in every case. A tendency to induce 
diminished peak levels of TNF with doses larger than 
20 mg/kg was clearly demonstrated. Again, no correlation 
between peak TNF serum levels and mortality was found. 
Even though E coli 026:B6 LPS was not lethal at the doses 
used, serum TNF peak levels were similar to those induced, 
with the mare toxic compounds at equivalent doses. 


Response to LPS During Late Endotoxin Tolerance 


To induce late endotoxin tolerance, rats were injected with 
d mg/kg of E coli 0127:B8 LPS on days 0, 21, and 42. On day 63, 
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Fig 1.—Survival rates at 72 hours after injection of lipopolysaccharide 
(LPS). Four rats in each group were injected with LPS from the 
different species of gram-negative bacteria. Solid bars indicate Es- 
cherichia cali 0127:B8; widely hatched bars, Salmonella typhi; open 
bars, E coli 0111:B4; narrowly hatched bars, Pseudomonas aerugi- 
nosa; and herizontally hatched bars, E coli 026:B6. 
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Fig 2. —Mean (+ SD) peak tumor necrosis factor (TNF) serum levels 
after lipopolysaccharide (LPS) injection from different bacteria. To 
measure TNF levels, blood samples were obtained 90 minutes after 
injection of the LPS (See Fig 1 for identification of bars). 


Table 2. — Relative Lethal Potency of Lipopolysaccharice 
(LPS) From Different Bacteria 


Median Lethal 


Dose mg/kg 


Type of LPS LD,,, mg/kg 


Escherichia coli 0127:B8 11.1 21 
] 1 


Saimonella typhi 11.1 2 


E coli 011^ :B4 14.2 33.8 


Pseudomenas aeruginosa 24.3 45.5 
E coli 026:36 2100 2100 


these tolerant rats and age-matched naive controls were chal- 
lenged witk 0.5, 5, 20, or 50 mg/kg of the same type of LPS. As 
shown in Table 3, the tolerant animals were less sensitive to 
LPS than the naive rats. For the naive rats, the median lethal 
dose was 18.8 mg/kg and the minimum LD,» was 35 mg/kg. 
For the telerant animals, the median lethal dose was 
35.3 mg/kg and the minimum LD,,, was 68.3 mg/kg. 

AlthougFk not striking, there is a clear difference in sensitiv- 
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Table 3.— Survival Rate After Lipopolysaccharide (LPS) 
Injections 






No. of Naive No. of Tolerant 
Animals That Survived/ Animais That Survived/ 
LPS dose Total No. of Total No. of 


Naive Animals Tolerant Animals 





1000 


100 


TNF, U/0.1 mL 





10 





21 42 
Day of Experiment 


Fig 3.—Mean (+ SD) peak tumor necrosis factor (TNF) serum levels 
after injections of lipopolysaccharide. Rats received repeated single 
doses of 5 mg/kg of lipopolysaccharide in four cycles 21 Gays apart. 
The TNF serum levels after each challenge are shown. 


63 


ity (P<.01 by x’ analysis, with continuity correction at the 20- 
mg/kg dose). As shown in Fig 3, peak TNF serum levels 
decreased after each dose of the 5-mg/kg LPS was adminis- 
tered on days 0, 21, 42, and 63 (P<.0001, ANOVA). The 
correlation was statistically significant, with r= — .9493 (for 
the log of TNF value) and P<.05. 

The dose/response relation of LPS to TNF production in 
the tolerant and naive animals is shown in Fig 4. At the lower 
doses of 0.5 mg/kg of LPS, low levels of TNF were produced 
by the tolerant rats compared with the high levels in the naive 
animals (P<.001). However, unlike the naive animals, in 
which TNF levels tended to decrease with increasing LPS 
doses, higher doses of LPS elicited increasing levels of TNF in 
the tolerant rats. A strong correlation existed between the 
LPS dose and peak TNF serum levels (r= .9924, P<.01) The 
lack of correlation between TNF levels and lethality is again 
shown; in the naive rats, after 0.5 mg/kg of LPS, over 4300 
U/0.01 mL of TNF were detected without causing lethality, 
while in the late-tolerant group, 50 mg/kg of LPS produced 
less than 10% of the amount of TNF detected in naive animals 
after a sublethal dose, but 71% of the animals died. 

The anti-LPS antibody levels in the serum at the time of 
successive challenges are shown in Fig 5. As expected, IgG 
and IgM anti-LPS antibody levels progressively increased 
with each injection. This correlates with the decreasing peak 
TNF levels, with a regression coefficient of — .6764 for IgG 
(P«.0001). 


COMMENT 


In a study in humans, no dose/response correlation was 
found between intravenous administration of TNF anc the 
peak temperature or hypotension induced." In nonpr:med 
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Fig 4.—Mean (+ SD) peak tumor necrosis factor (TNF) serum levels 
after injections 3f lipopolysaccharide (LPS). Rats were rendered toler- 
ant with three doses of 5 mg/kg of LPS 21 days apart. Twenty-one days 
afterthe third dose, these late-tolerant animals (shaded bars) and age- 
matched naive rats (solid bars) were challenged with 0.5, 5, 20, or 50 
mg/kg of LPS. 





10 000 


1000 


Anti-LPS Antibodies, U/mL 
8 


0 21 42 63 

Day of Experiment 
Fig 5.—Mean (+ SD) anti-LPS antibody levels. Rats received repeat- 
ed single doses of 5 mg/kg of LPS in four cycles 21 days apart. 


Immunoglobuin G and IgM anti-LPS antibody levels after each dose of 
LPS are showr. 


mice, the highest production of TNF was seen with nonlethal 
doses of LPS.” The lack of correlation that we found between 
LPS dose, peak TNF levels, and lethality is difficult to ex- 
plain. Possib.e explanations include the following: (1) TNF is 
not the mediator of the lethal effect of LPS. (2) The kinetics of 
TNF vary wien different deses are used, and although peak 
levels are not higher after lethal doses of LPS are adminis- 
tered, a probable diminished inactivation time will actually 
maintain damaging levels in the peripheral tissues for longer 
periods than with nonlethal doses. (3) Due to altered hemody- 
namics and poor tissue perfusion in the lethally challenged 
animals, TNF cannot reach the systemic circulation and thus 
is undetectable. 

The foremost argument against the first explanation is the 
proteetive efect that the administration of anti-TNF antibod- 
ies has shown in several experimental models. A relevant role 
for TNF in the production of endotoxin shock certainly cannot 
be ruled out. 

Abundant.evidence shows that the kinetics of LPS-indueed 
serum TNF are quite constant. It has been shown in different 
species that after injection of LPS or LPS-high-density lipo- 
protein complex, a TNF peak is detected at 90 minutes, 
followed by a quick reduetion and return to baseline levels 
within 3 to 4 hours.'** According to Mathison et al,‘ the 
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pharmacokineties of exogenous TNF injected into naive or 
endotoxin-tolerant animals are the same. These same authors 
found that injection of LPS-high-density lipoprotein com- 
plexes produced a better dose/response correlation with peak 
TNF levels than did pure LPS. Interestingly, both TNF peak 
levels and toxicity provoked with LPS-high density lipopro- 
tein complexes at equivalent LPS doses compared with pure 
LPS were markedly decreased. 

Last, in relation to the third possibility, Neilson et al” 
recently reported that comparable peak TNF levels were 
generated by injection with LPS or the LPS subfractions 
diphosphoryl lipid A or monophosphoryl lipid A; while the 
first two preparations were lethal and the latter was not, it 
can be assumed that there was no major hemodynamic com- 
promise in the latter preparation. In our experience, higher 
doses of LPS (specifically more than 20 mg/kg) elicit lower 
TNF levels than nonlethal doses (Table 1). This same decre- 
ment was also evident when low-toxicity preparations of LPS 
were injected (E coli 026:B6) without being lethal (Fig 2), so 
that the vascular collapse explanation cannot satisfy the ap- 
parent conflict. All these arguments suggest that the proposi- 
tions of different kinetics and different half-lives of TNF are 
invalid. 

The lack of correlation is also shown in cases of late toler- 
ance in which levels of TNF lower than those induced after 
nonlethal doses of LPS in naive animals are still associated 
with lethality in the late-tolerant animals. It may be assumed 
that a more efficient system for TNF action is achieved and a 
lesser amount of the cytokine is capable of inducing quantita- 
tively the same effect after repeated exposure to endotoxin. 
This could be due to higher numbers or higher affinity of the 
TNF receptors; however, no evidence exists for either 
possibility. 

An alternative explanation of this paradoxical condition is 
that there is another actual mediator of LPS toxicity other 
than TNF or that serum levels of TNF are actually irrelevant, 
but the presence of TNF in extravascular tissues is what 
matters. Evidence suggests that LPS and TNF toxic effects 
are mediated in the intravascular compartment, specifically 
the endothelium, which disputes this simplification. 

Itis possible that during late endotoxin tolerance, anti-LPS 
antibodies hamper the TNF-induced capacity of LPS. This is 
actually the most favored opinion. However, the fact that 
antibodies are not essential for late endotoxin tolerance to be 
manifested is illustrated by the studies of Zaldivar and 
Scher,” who reported that B-lymphocyte—depleted (CBA/N) 
mice exhibited high levels of late tolerance to endotoxin le- 
thality 8 days after a single priming injection of endotoxin, 
despite the inability of this murine strain to produce any 
detectable levels of antiendotoxin antibodies. 

There is evidence that challenges the theory of TNF as the 
mediator of LPS toxicity. Mice primed with various microbial 
products are more sensitive to LPS and produce higher levels 
of TNF after an LPS injection than nonprimed controls, but 
primed animals are not more sensitive to Salmonella typhi- 
murium er other infections than their nonprimed counter- 
parts; in most models they are more resistant.” In experi- 
mental models, exogenous TNF confers resistance to 
infections with different bacteria, fungi, or parasites.” Ac- 
cording to Old” and others," recombinant TNF-induced 
lethality is not seen when natural or ultrapure recombinant 
TNF is used. Interspecies differences in TNF potency and 
effects must also be considered since it has been shown that 
dexamethasone was unable to reduce LPS-induced TNF lev- 
els in serum or to affect survival in guinea pigs challenged 
with a lethal dose of LPS, while being able to do so in the 
mouse." Although the above observations do not exclude the 
participation of endotoxin and TNF in the pathogenesis of the 
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anifestations of gram-negative bacillary infections, 
rest a protective role for TNF. 

TNF may induce the deleterious effects seen in 

a host of other mediators and reactions are 
PS that should not be neglected. It seems that 
roduction of TNF is necessary and may even be 

but it is not sufficient to lead to full development of 





'- This stud; ; was supported in part by the Medical 


à : & iedicar n earch Council of Canada. 
hez-Cantá is the recipient of the 1989 3M Surgical Infectious Disease 
ip Award from the Surgical Infecti tious Disease Soci ociety. 


References 






0 J nmauno racol, 1986:8:89-97 
5 2 Mi Detection of circulating 






: 3. Beutler ~ Milsark IW, Cerami AC. Cachectin/tumor necrosis factor: 


| produetion, distribution, and metabolic fate in vivo. J Immunol. 1985;125:3972- 

oov 4 Mathiseg JC, Wolfson E, Uleviteh RJ. Participation of tumor necrosis 

_ factor in the mediation of gram negative bacterial lipopolysaecharide-induced 
injury in rabbits. J Clin Invest. 1988,81; 1925-1937. 

5. Beutler 3, Cerami A. Cachectin and tumor necrosis factor as two sides of 
the same biological coin. Nature. 1986:320:584-588. 

6. Tracey &J, Beutler B, Lowry SF, et al. Shock and tissue injury induced by 
recombinant tuman cachectin. Science. 1986;234:470-474. 

7. Natanson C, Eichenholtz PW, Danner RL, et al. Endotoxin and tumor 
necrosis facta" challenges in dogs simulate the cardiovascular profile of human 
septic shock...’ Exp Med. 1989;169:823-832. 

8. Beutler 3, Milsark IW, Cerami AC. Passive immunization against cachec- 
tin/tumor neerosis factor protects mice from lethal effect of endotoxin. Science. 
1985;229: 869-871. 

9. Tracey KJ, Fong Y, Hesse DG, et al. Anti-eachectin/TNF monoclonal 

] antibodies orevent septic shock during lethal bacteraemia. Nature. 
>... 19817,330:662-564. 

^ 70539. Kiener PA, Marek F, Rodgers G, Ling PF, Warr G, Desiderio J. 
is factor, IFN-gamma, and acute lethality in mice by 
: of lipid A. J Immunol. 1988,141:870-874. 

in JL, Schreiber H. Synergy between tumor necrosis factor and 
ucts s and lethal shock in normal 





development. Exp Med. 1947;86:29-44, 

14. Greiaman SE, Hornick RB. Endotoxin tolerance. In: Beers RF, Bassett 
EG, eds. The Role of Immunological Factors in Infectious, Allergic, and 
Autoimmur Processes. New York, NY: Raven Press; 1976:43-63. 

15. Galanos C, Freudenberg MA, Reutter W. Galactosamine-induced sensi- 
tization to the lethal effects of endotoxin. Proe Natl Acad Sci USA. 
1979;76:5935-5943. 

16. Greisman SE, Woodward WE. Mechanisms of endotoxin tolerance, III: 

<. the refractory state during continuous intravenous infusions of encotoxin. J 
+ C Exp Med, 1965:121:911-933. 





(CT. Greisman SE, Young EJ, Carozza FA. Mechanisms of endotcxin toler- 
ance, V: specificity of the early and late phase of pyrogenic tolerance. J 

Immunol, 1989:108:1223-1236. — diu | 

.:8. Zaldivar NM, Scher I. Endotoxin lethality and tolerance in mice: analy- 
| the B-lymphocyte-defective CBA/N strain. Infect jmmunol. 







































/ : Gifford GE. Produetion of tumor necrosis factor in unprimed 


miei ; : im of endotoxin-mediated tumor necrosis. Immunobiology. 
A . Production and clearance of tumor necrosis factor in rats 
expost indotoxin and dexamethasone. Clin. Immunol Immunopathol. 
. 21. i 2-Cantá L, Rode HN, Christou NV. Endotoxin tolerance is asso- 


reduced secretion of tumor necrosis factor Arch Surg. 
436. 

A, Bidwell DE, Bartlett A. The enzyme linked immunosorbent 
A). In: A Guide to Abstracts of Microplate Applications. Guern- 
ablications; 1979. — — " 

e P, Berry G. Statistical Methods in Medical Research. Boston, 
ll Scientific Publications Inc; 1987. | 

i PB, Lester TJ, Casper ES, et al. Clinical pharmacology of 
uman tumor necrosis factor in patients with advanced cancer. J 
317,5:1942-1951. 

3E, Lohmann-Matthes ML. Gamma interferon priming of mouse 
macrophages for induction of tumor necrosis factor production by 


Vol 126, February 1991 


bacterial lipopolysaccharides. J Nat! Cancer Inst. 1987;78:121. 

26. Palladino MA, Patton JS, Figar IS, Shalby MR. Possible relationships 
between in vivo anti-tumour activity and toxicity of tumor necrosis factor- 
alpha. In: Bock G, Marsh J, eds. Tumor Necrosis Focior and Related Cyxtotox- 
ins. Cita Foundation Symposium 131. New York, NY: John Wiley & Sons Inc; 
1987:21-38. 

27, Gollan F, McDermott J. Total hypothermic blood exchange in acute 
endotoxin shock. Resuscitation. 1979;7:229-236. 

28. Green S, Dobrojansky A, Chiasson MA, Carswell E, Schwartz : 

LJ. Corynebacterium parvum as the priming agent in the prod th 
necrosis factor in the mouse. J Natl Cancer Inst. 1911.59:151 

29. Senterätt VC, Shands JW. Salmonellosis in mice infe i 
terium tuberculosis BCG, I: role of endotoxin in megt 
1968;96:287. am 

30. Joyce LD, Hau T, Hoffman R, Simmons RL, Lillehei 
the mechanism of zymosan-induced resistance to experiment | 
Surgery. 1978;83:717-725. "ure 

31. Cross AS, Sadoff JC, Kelly N, Bernton E, GemskiP Pretrestmest with . 
recombinant murine tumor necrosis factor alpha/cachectin and murme inzerleu-- 
kin 1 alpha protects mice from lethal bacterial infection. J Exp Med. 
1989; 169:2021-2027. 

32. Havell EA. Evidence that tumor necrosis factor has an important role in 
antibacterial resistance. J Immunol. 1989-143:2894-2898. E 

33, Desiderio JV, Kiener PA, Lin P-F, Warr GA. Protection of mice against — 
Listeria monocytogenes infection by recombinant human tumor neerosis factor - 
alpha. Infect Immunol. 1989;57:1615-1617. : 

34. Clark IA, Hunt NH, Butcher GA, Cowden WB. Inhibition of murine 
malaria (Plasmodium chabaudi) in vivo by recombinant interferon-gamma or 
tumor necrosis factor, and its enhancement by butylated hydroxyanisole. J 
Immunol, 1981;139:3493-3496. : 

35. Djeu J, Blanchard DK, Halkias D, Friedman H. Growth mhibition of 
Candida albicans by human polymorphonuclear neutrcphils: activation by 
interferon-gamma and tumor necrosis factor. J Immunol. 1986;137:2986. 

36. Urbaschek R, Urbaschek B. Tumor necrosis factor and interleukin 1 as 
mediators of endotoxin-induced beneficial effects. Rev Infect Dis. 1987;9: 
601-615. 

21. Old LJ. Tumor necrosis factor (TNF). Science. 1985:230:6304632. 

38. Zuckerman SH, Bendele AM. Regulation of serum tumor necrosis factor 
in glucocorticoid-sensitive and -resistant rodent endotoxin shock models. Infect 
Immunol. 1989;57:3009-3013. oe 





Discussion 


MICHAEL A. WEST, MD, Minneapolis, Minn: Dr Sánchez- Cantú . 
and colleagues have begun to examine the important effects of pro- — 
longed LPS stimulation. This study clearly dissociates TNF serum _ 
levels and LPS lethal effects, as measured by median lethal dose. 
What was the mechanism for decreasing TNF levels with increasing 
LPS dose in naive animals? Did the authors examine any other. 
cytokines released by LPS-treated animals? Could TNF be feeding 
back and inhibiting its own production and/or release? Although TNF 
levels decreased over time, TNF was always present. Could it be 
exerting a permissive effect? Did the authors try to completely 
“neutralize” TNF with antibody? 

MITCHELL P. FINK, MD, Worcester, Mass: Were TNF kineties 
examined in detail? Were the peak TNF levels missed with higher 
LPS doses due to differences in the kineties of TNF release? 

ALBERT T. MCMANUS, MD, San Antonio, Tex: Lipopolysaccha- 
ride preparations vary tremendously in molecular weight; are com- - 
parisons based on weight valid? 

Marc E. LANSER, MD, Boston, Mass: Why doesn’t ar increasing | 
LPS dose decrease TNF levels in tolerant rats as it did ir: naive 
animals? 

DR SANCHEZ-CANTU: Tumor necrosis factor levels did decrease 
with increasing LPS dose in tolerant animals; however, the data were 
presented on a logarithmic scale that appeared to minimize that 
effect. Comparisons on a molar basis might allow easier comparisons, - 
but the molarity of LPS preparations is not generally available or - 
eommonly reported. Comparison of equimolar amounts of thelipid A 
moiety with the O-polysaccharide of different LPS types might be - 
even more relevant. Many investigators have examined the kinetics 
of TNF production in response to LPS, lipid A, and MLP, and in all 
cases, the peak TNF level occurred at 90 minutes. In our presenta- 
tion, the “peak” TNF level is a measurement made 90 minutes after 
injection. Other cytokines have not been examined, but it could be - 
that low LPS doses elicit only a small “menu” of cytokines, whereas 
many additional cytokines might be involved with high doses of LPS. 
We did not perform experiments with anti-TNF to more strictly 
dissociate LPS and TNF lethality. Clearly, TNF does have an impor- 
tant role, but we are suggesting that TNF may not bethe horrible bad 
guy suggested in some of the literature. 





Lipopolysaccharide — Sánchez-Cantc et ai 235 





















Lorenzo Dominioni, MD: Renzo Dionigi, MD; Marco Zanello, MD: Maurizio Chiaranda, MD; Roberto Dionigi, MD; 
Annamaria Acquarolo, MD; Andrea Ballabie, MD; Chiara Sguotti, MD 


@ Sixty-two consecutive septic surgical patients receiving 
standard mu'timodai intensive care unit treatment who devel- 
oped a sepsis score of 20 or greater (day 0) were randomized to 
receive 0.4 g/«g of either intravenous IgG (29 patients) or human 
albumin (controls; 33 patients), repeated on days + 1 and --5,ina 
prospective, double-biind, multicenter study. The two groups 


C . were similar in age, initial sepsis scores, and acute physiology 



















and chronic health evaluation Il score. A significantly lower mor- 
tality was recorded in the IgG-treated group (38%) than in con- 
trois (87%). Septic shock was the cause of death in 7% of IgG- 
treated patierts and in 33% of controls. The results of this study 
indicate that high-dose igG improves survival and decreases 
death from septic shock in surgical patients with a sepsis score 
of 20 or greater. 
(Arch Surg. 1991;126:236-240) 


D espite improved intensive care techniques and multimo- 
dal therapy, mortality from severe septic complications 
in surgical patients remains very high. Fatal outcome of 
sepsis usually results from progressive multiple organ failure 
(MOF or from septic shock. '” 

Several studies have indicated that immunologic alter- 
ations oceur in severely septic patients, which may be partly 


responsible for their inability to control infection.** Impaired 


phagocytosis. and defective opsonie function of patient serum 
have been decumented in severe sepsis^? and may play an 
important role in the outcome of sepsis. Serum IgG levels are 
within the normal range or supranormal in-septic patients: 
however, IgG levels tend to decrease in nonsurvivors and to 
increase in survivors.’ In vitro studies have shown that IgG 


with stabilized Fe (fragment erystalizable) subunits enhance 


opsonization and phagocytosis." Moreover, intact IgG ad- 


; ministered prophylactically to severely burned animals was 
-. found to be effective in decreasing mortality from burn wound 





| inistration of high doses of immunoglobulins - 
intravenously may increase nonspecific immune defenses by 





. providing large amcunts of antibodies, which may improve 
; neutrophil opsonophagocytosis. In some intensive care units 
_ (ICUs), large doses cf IgG are given to septic patients to 
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combat. severe infection; however, the effect of this therapy 
has never been accurately assessed, mainly due to the difficul- 
ties of carrying out a study with well-stratified and compara- 
ble groups of septic patients. 

Various scoring systems for the assessment of the severity 
of surgical infections have been proposed in recent years. ^" 
They can be used to stratify septic patient populations for 
eontroiled clinical trials according to the recommended princi- 
ples of reporting studies on the outcome of sepsis." 

The purpose of this study was to assess whether treatment 
with high-dose IgG could reduce sepsis-related mortality in 
severely septic, high-risk surgical patients undergoing inten- 
sive care treatment. 


PATIENTS AND METHODS 


À prospective, randomized, double-blind, placebo-controlled, mul- 
ticenter study was carried out in severely septic surgical and trauma 
patients undergoing conventional multimodal treatment in the surgi- 
cal ICUs at the universities of Varese, Bologna, Pavia, and Brescia, 
Italy, between January 1986 and July 1989. 


Patients 


Patients of both sexes, 15 to 80 years old, admitted to the ICU for 
treatment of severe infections that developed during the postopera- 
tive period or as a consequence of accidental trauma were prospec- 
tively accepted into this study on the day (day 0 of the study) when 
they were classified as having a sepsis score of 20 or greater, accord- 
ing to a-modification” of the grading system of Elebute and Stoner." 
On day 0, the acute physiology and chronie health evaluation II score” 
was alse obtained, for comparison with the sepsis score and for 
further assessment of risk and of patient stratification. 

Among focal infections (peritonitis, wound infection, pneumonia, 
abscess, and urinary tract infection), only moderate and severe infec- 
tions were reported. The infection foci were extensively studied by 
clinical and radiologic examinations and by culturing biologic fluids 
(pus, peritoneal/pleural exudate, urine, sputum, and blood) to isolate 
causative organisms. 

The sepsis score level of 20 or greater was chosen to select patients 
with high mortality risks. Previous investigations showed that an 
initial sepsis score of 20 or greater at the beginning of ICU treatment 
was associated with a mortality of greater than 50%." 

This study was planned to enroll appreximately 60 patients, ran- 
domly treated with IgG or with placebo, to demonstrate a 30% 
difference in survival, significant at the P<.05 level." Randomization 
of patients was balanced in each of the four ICUs participating in the 
study. Patients were excluded from the study if they had (1) recent 
immunosuppressive treatment, (2) severe uncontrolled endocrine 
disease, (3) primary immunodeficiency, (4) short life expectancy for 
reasons other than surgical complications, (5) unresected tumor, (6) 
centraindications to hemocomponent administration, or (7) a history 
of high-dose IgG administration during the previous month. 

The fellowing data were recorded for each patient: diagnosis of 
primary disease, any concomitant chronic diseases, surgical proce- 
dure(s), infectious complications, and duration of stay in the ICU 
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Table 2. Pathogens Isolated From Culture Specimens of s 
Infection Sites at Beginning of Treatment* o ub 












Septic Surgical Patients Treated With High-Dose IgG or 
po Placebo* 










Microorganism igG Group 
Pseudomonas 
Enterobacter 8 
Escherichia coli 
Staphylococcus 
Enterococcus 
Candida 
Streptococcus 
Serratia 


igG Group Control Group ex 
(N29) (Nz33) 









































Extrasplanchnic vascular disease 
|. Pantons. 17 17 
| Pneumonia 
| Wound infection 
/' Septicemia 
Miscellaneous 
Urinary tract 
Total No. of Infections 
Mean No, of infections per patientt 


*All comparisons were not significant by x? test. 
tNot significant by unpaired t test. 








Bacteroides 1 
Fusobacterium 0 IE com 
Clostridium 0 mu emo z pene 
4 
0 














Klebsiella 
Acinetobacter 0 (0) 


*Numbers in parentheses are numbers of bacteremic isolates found after 
randomization. | EU 
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Table 3. — Clinica! Data of the IgG-Treated Patients and 
Controls* 






igG Group 
(N - 29) 


Control Group 
(N 33) 













Age, y (+ SD)t 
Sex, No. M/F 20/9 2áf0 


Concomitant diseases, No. 
Diabetes 4 


e atat Tr tia daa rir tib i aad rtt titt ve ttem t 


Cancer 2 
Heart disease 3 
Liver disease 2 
Other 9 


Invasive procedures, No. 
Tracheal intubation 


27 
Drainages 26 
Bladder catheter 
Central venous/arteriai catheter 28 
Tracheostomy 4 
Bronchoscopy 2 
Parenteral nutrition 30 


&i&io 


| 






i 


am 


the ICU or died. | 
The causes of death were recorded and classified as MOF (failure of 
+ . three or more organs/systems), septic shock (tissue hypoperfusion 


S oje||B|8|9 


*All comparisons were not significant by x? test. 
tNot significant by Student's t test. 











and refractory circulatory failure), or not related to sepsis. 
os Treatment Protocol 


Data Analysis 


The study was ended after the clinical assessment of 63 prospec- - 
tively entered patients. After we had reached a consensus about the — 
eligibility, type of infections, and cause of death (or survival) of 62 
patients, the blind code of randemization was broken, showing tnat 29 . 
| patients had received IgG and 33 patients had received placebo. 
Él hong oe EENE T | usn Another patient (who had received placebo) died on day - 1 of septic 
d rq eqni] only a icd inei rem a shock and was not accepted for evaluation of results. 

A -2, thus receiving atleast two boluses of high-dose Results obtained in the two patient groups were compared by "d 
DHT 7 test or unpaired t test, as indicated. 
Laboratory Determinations RESULTS 


as ma | evels of IgG, IgM, and a,-acid glycoprotein ({A1AG) 






after the nature of the therapeutic regimen had been 





. least anti 
IgG or pl 








ined by nephelometry on days 0, +1, and +5, and at There were no significant differences in under 5 i 1g dis- 
patients from the ICU as their conditions improved or eases or types of septic complications between IgG-treated 
to document the effect of high-dose IgG administration patients and controls at the time of randomization. In addi- 
mmunoglobulin levels and on the acute-phase response tion, the mean number of infectious foci per patient was 
similar in the two groups of patients (Table 1). 
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Data (Means = SDs)* 






3585 933250 NST 





No. of days with V [Bo CE 
uie toti della 4626.1 


No. of patients transfused with 
blood or plasma 23 22 


Plasma transfused, mi. 1649-1921 1325+ 1250 
Blood transfused, mL 1426 902 761:445 
*NS indicates not significant: WBC, white blood cell. | 
tBy unpaired ttest. 

By y? test. 


49:59 NSf. | 















NS 






Table 5.— Sepsis Score and APACHE Il Score on Day 0 of 
Study (Means + SDs)* 


igG-treated patients 
Ail (n= 297 2434 


Survivors n= 18) 

Nonsurvivers (n= 11) 
Controls 

Ad (n= 33) 

Survivors (n= 111 
.  Nonsurvivors (n= 22) 
-...*All comparisons between IgG-treated patients and similar control category 


.. were nct significant by unpaired t test. APACHE indicates acute physiology 
:-; and chronic heath evaluation. 


n Table 6. —Mortality and Causes of Death* 


IgG Group Control Group P 
Overall mortality No. 1%) — 11/29 (38) 22/33 (67) «Obf 
Mottality from septic 
shock, No: (%) 
Mortality from MOF, 
No. (96) 
Mortality from nonseptc 
causes, No. (%) 
ICU stay of survivors,.d 
(mean + SO) 
ICU stay of ronsurvivors, 
ANS d (mean SD) 1329 171 NSI 
-. *MOF indicates multiple organ failure; ICU, intensive-care unit: and NS, not 
By x? test. 
By unpaired ! test. 























2/29 (7) —— 1133 (33)  <.05t 











9/29 (31) 10/33 (30) NSt 













1/33 (3) 
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er of. 














ind the amount of plasma transfused 





<.05t : 








_ clearance of bacteria in the IgC 


he pathogens isclated from cultured fluids are listed in 


onset of sepsis, the majority 
ation, the number of days with - 
"white blood cell count greater 
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Days 


Fig 1.— Actuarial curve of survival of patients treated with high-dose 
igG (broken line) and controls (solid line). 


were not different in the two groups of patients (Table 4). The 
IgG-treated patients received, on average, significantly more 
blood than the control patients did; this difference was due to 
massive transfusion in two patients with multiple trauma in 
the IgG group (5600 and 15 700 mL of blood). 

The mean sepsis seores and acute physiology and chronic 
health evaluation II scores at the beginning of ICU treatment 
were similar in IgG-treated and control patients (Table 5). 
The data reported in Tables 1 through 5 cumulatively indicate 
that before randomization the IgG-treated and the control 
patients were comparable in terms of severity of septic state. 


Survival and Causes of Death 


In the IgG-treated group, 11 (88%) of 29 patients died, 
whereas in the control group, 22 (67%) of 33 patients died. The 
mortality in the IgG-treated group was significantly lower 
(P<.05; Table 6). No side effects attributable to the adminis- 


tration of high doses of IgG were recorded. After randomiza- 
tion, positive blood cultures were obtained in five patients 
.. Who received IgG (six bacteremias and one Candida funge- 
mia) and in 12 control patients (10 bacteremias and two Can- 
. dida fungemias); these findings suggest a better bloodstream 


-treated patients. 


_ . The initial sepsis scores and acute physiology and chronic 
health evaluation II scores in su 
— both patient groups were simila 
.. the moment of randomization all 
comparable mortalityrisk, ^ ^ 
and MOF were the causes of death in all patients, except in 
 9ne patient who died of disease unrelated to sepsis (myocardi- 
al infarction). A significantly 1 
- shock was observed in IgG-treated pa 
(— (I6 vs 33%; P<.05). Septic shock accounted for 18% (2/11) of 
. all causes of death in IgG-treated 
of all causes of death in control patients. An almost identical 
_ proportion of IgG-treated and control patients died of MOF 
. (81% and 30%, respectively). 


urvivors and nonsurvivors of 
(Table 5), indicating that at 
patient subgroups were at a 






ly lower death rate from septic 





d patients than in controls 





d patients and for 50% (11/22) 
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Fig 2.—Plasma levels of IgG in patients treated with high-dose IgG. 
Broken line represents survivors; solid line, nonsurvivors. Asterisk 
indicates significantly increased IgG levels in survivors (P<.05). 


Table 7.— IgG and IgM Plasma Levels in IgG-Treated Patients 
(n — 29) and Controls (n= 33) (Means + SDs) 
IgG Group Control Group 


Determination IgG, g/L IgM, g/L IgG, g/L IgM, g/L 
12.58+5.24 143+1.34 13.66+7.62 1.42 1.30 
Day +1 20.02+4.91* 1.17+0.72 16.17+9.11 1.50+1.11 
Day +5 19.34+5.72* 152+0.88 12.60+6.77 1.43+0.94 
Final 17.72*6.03 129+0.55 12.35+9.60 1.70+1.31 







































*Significantly greater than on day O (P<.05, unpaired t test). All other 
differences are not significant. 


The duration of ICU stay of survivors and nonsurvivors in 
the two groups was similar (Table 6). 

The actuarial curves of survival of the two patient groups 
separated shortly after day 0, indicating a higher survival in 
the IgG-treated group throughout the period of study (Fig 1). 
No patient death was observed after 28 days of ICU treat- 
ment in either patient group. 

The sepsis score progressively declined during ICU stay in 
survivors, whereas it fluctuated at high levels above 20 in the 
nonsurvivors in both patient groups. 


Immunoglobulins and A1AG Levels 


On day 0 of the study, the IgG and IgM levels were within 
the normal range and were not significantly differen: in the 
two groups (Table 7). On days +1 and +5, the IgG levels in 
IgG-treated patients were significantly higher than on day 0 
(P«.05; Table 7). In control patients, the IgG levels remained 
unmodified throughout the study period. In IgG-treated pa- 
tients, the IgG level increased markedly in survivors, and it 
remained essentially unmodified in nonsurvivors (Fig 2). 

The IgM levels were within the normal range and remained 
unchanged during the study in both patient groups (Table 7). 
Plasma levels of A1AG on day 0 were higher than normal, 
showing an acute-phase response similar in both patient 
groups (126+ 12 vs 145+55 mg/dL; not significant). Subse- 
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quent measurements of A1AG during the study showed no 
significant changes. 


COMMENT 


Septic shock and MOF are the leading causes of death in 
severely septic patients.'^'*" Assuming that adequate thera- 
peutic measures are taken, the incidence of these fatal compli- 
cations has been shown to depend on the severity of sepsis on 
admission to the ICU. In fact, mortality of severely septic 
patients varies widely, from 0% to nearly 100%, depending on 
the initial sepsis score or MOF score." ^" It is difficult to 
compare results of treatment of severe infections between 
different eenters and to evaluate the effects of new treatment 
modalities because of variable diagnostic criteria, ummea- 
sured severity of illness, and undefined clinical outcome in 
most clinieal studies. 

The present investigation was planned to evaluate the 
effects of high-dose IgG on survival of severely septic pa- 
tients, and it was designed to remove many of the problems of 
interpretation of clinical trials in septic patients that have 
recently been pointed out." Thus, the study was prospective, 
randomized, double blind, placebo controlled, and multicen- 
tric, and it was carried out in a patient population with a well- 
stratified severity of sepsis at the onset of treatment (sepsis 
score, —20) and high risk of mortality (75096). The strict 
criteria for admission of septic patients into the present study 
are reflected by the similarity of the clinical data of the two 
patient groups to be compared. At the time of randomization 
(day 0 of the study), the IgG-treated patients and placebo- 
treated controls were comparable in terms of clinical data, 
types of underlying diseases and infectious complications, 
types of pathogenic bacteria, invasive procedures, antibiotic 
therapy, duration of fever and leukocytosis, and blood and 
plasma transfusions. Importantly, on day 0 the two patient 
groups were comparable in terms of overall severity of septic 
illness, as documented by similar sepsis score and acute physi- 
ology and chronic health evaluation II score. 

The results of the study showed a mortality of 67% in 
control patients presenting with an initial sepsis score of 
24 + 3; this mortality is similar to that recorded 5 years ago in 
Italian patients with the same sepsis score range" and indi- 
cates that conventional multimodal therapy for severe sepsis 
in our surgical ICUs has not improved substantially in recent 
years. 

The mortality of IgG-treated patients was significantly 
lower than in control patients (88% vs 67%; P<.05), indicating 
that the repeated administration of polyvalent IgG with stabi- 
lized Fc subunits in high doses significantly improves survival 
of severely septic surgical patients with a sepsis score of 20 or 
greater. The reduced mortality of IgG-treated patients was 
due to a significantly lower incidence of fatal septic shock (7% 
vs 33% in controls; P<.05). Interestingly, in the control pa- 
tients, septic shock accounted for 5096 of all causes of death, 
reproducing the findings of a previous muiticenter study." 
Mortality from MOF was unaffected by IgG, being approxi- 
mately 3066 in the two patient groups. 

Until recently, the use of large doses of IgG has been 
confined to the treatment and prophylaxis of infections in 
conditions of humoral immunodeficiency,” autoimmune neu- 
tropenia," and idiopathic thrombocytopenic purpura. ^ How- 
ever, IgG given prophylactically to surgical patients at risk of 
infection was also shown to reduce the incidence of postopera- 
tive infections." Moreover, in a randomized, placebo-con- 
trolled study of 150 patients with multiple trauma, the pro- 
phylactic use of large doses of IgG significantly reduced the 
incidence of pneumonia." 

In our study, the plasma IgG level significantly increased 
only in those patients receiving high doses of IgG who sur- 
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vived, suggesting that nonsurvivors either have a greater 
eonsumption of IgG or confine IgG in the extravascular space. 
Nishijima et al’ also reported increased IgG plasma levels in 
- patients who survived severe sepsis. The polyvalent IgG 
- administered intravenously seems to have a rapid turnover in 
septie patients, probably with a half-life of about 5 days, as 
indieated by unchanged IgG plasma level on day +5 of our 
. study despite repeated doses of IgG. 
The high doses of 1zG administered do not seem to affect 
. the acute-phase response of plasma proteins, as indicated by 
 unmodified plasma levels of A1AG throughout the study. 
_ Among possib.e deleterious effects of high-dose IgG adminis- 
tration, reticuicendothelial system blockade, with exacerba- 
tion of infecting processes and fatal Candida septicemia, have 
. been suggested to occur in patients." Derby and Rogers? 
found in rabbits that retieuloendothelial system blockade and 
. granulecytopenia may cause variable defects in the process of 
bloodstream sterilization after inoculation with different 
types cf bacteria. However, the results of our study do not 
sugges: that such retizuloendothelial system blockade occurs 
after IgG therapy; rather, fewer episodes of bacteremia were 
observed in IgG-treated patients than in controls. We ob- 
served Candida septicemia after IgG administration in only 
one patient (who survived) and in two control patients (one 
who survived and one who diec). Thus, severely septic surgi- 
cal patients receiving high-dose IgG do not appear to be at 
increased risk of fulminant Candida fungemia, such as has 
been reportec to oceur in leukopenic individuals.” 

The interpretation of the mechanism by which the adminis- 
tration of high-dose 1gG improved survival of severely septic 
surgical patients is largely speculative, since no tests of im- 
munolegic or phagoeytic function were carried out in our 
patients. The IgG preparation used in this study contains 
antibodies specific for the most common bacterial pathogens, 

including those isolated in our patients, and high doses of IgG 

. may restore the defects in opsonophagocytosis reported to 

occur in septic patients. * Although the mechanism of action of 

IgG in septic patients remains £o be elucidated, the results of 

our study sugzest that high doses of IgG canbe safely used as 

... an effective means of treatment of severe septic complica- 

. tions, for prevention of fatal septic shock, in addition to 

standardized surgical and intensive care therapeutic modal- 

ities. Due to the preliminary nature of the present study and 

to the relevant cos: of high-dose IgG treatment, we do not 

presently advocate the indiscriminant use of this therapy for 
all patients with possible sepsis. 
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Discussion 


Davip L. DUNN, MD, Minneapolis, Minn: This presentation cen- 
ters on an important area of surgical infeetious diseases in that it 
addresses the issue of whether nonspecific or specific antibody prepa- 
rations would prove to be more effective in the treatment of gram- 
negative bacterial sepsis. What was the titer of the antibody prepara- 
tion against various gram-negative organisms? Why did the control 
group of patients have a preponderance of patients with pneumonia? 
Did this have an impact on the outeome (a presentation on the 
previous day indicated this was an important survival variable)? Why 
have other clinical studies required so many patients to demonstrate 
a salutary effect, while this study involved a limited number of 
patients? 

JOSEPH SOLOMKIN, MD, Cincinnati, Ohio: What was the opsonic 
activity of the antibody preparation? Were the treatment and control 
groups really stratified with regard to disease (eg, pneumonia) and 
infecting organisms? 

PHILIP BARIE, MD, New York, NY: Was early resuscitation the 
same in both groups? 

JONATHAN L. MEAKINS, MD, Montreal, Quebec: What were the 
specific types of antibodies in the preparation? 

Dr DoMINIONI: The immunoglobulin preparation studied consist- 
ed of 96% IgG with broad reactivity against gram-negative and gram- 
positive pathogens. The distribution of types of organisms was the 
same in both treatment and control groups and consisted of predomi- 
nantly jscherichia coli and Pseudomonas species. Although pneu- 
monia was more common in the control group, there were more 
patients in that group, and there was not a signifieant correlation 
between pneumonia and mortality in a multifactorial analysis. All 
patients in both groups were treated with conventional resuscitation 
using velume loading, and shock was treated with dopamine as re- 
quired; the two groups were similar in this regard. 
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Bat Bergery 


The Significance of Prophylactic Antibiotics 


John Yee, MD; Catherine M. Dixon, RN; A. Peter H. McLean, MD, FRCSC; 


Jonathan L. Meakins, MD, DSe, FRCSC 


e Aclustering of Clostridium difficile~associated disease in a 
department of surgery prompted a program of infection control 
and the evaluation of contributing factors. Fifty patients had 
diarrhea and positive assays for C difficile cytotoxin during the 

. study period. Twenty-one of the 36 cases that developed among 
& X patients admitted to the surgical services occurred on two adja- 
*.'*' cent general surgery wards that shared attending surgeons and 
house staff. Perioperative prophylactic antibiotics predated 
-. . € ditficile-associated disease in 20 patients, 12 of whom had 
‘short courses (<24 hours). Symptoms were typically nonspecific 
and early diagnosis may be difficult. Incidence remained high, 
despite infection control measures, until the coincidental clo- 
sure of two surgical wards. Clostridium ditficile~associated dis- 
"ense is a nosocomial infection that can be associated with short 
courses of prophylactic antibiotics. Recommendations regard- 
ing the use of perioperative prophylaxis should recognize C 
difficile-associated disease as a significant potential 
complication. 
(Arch Surg. 1991;126:241-246) 
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due to the therapeutic application of antibiotics, there has - 
been great discussion on broadening the indications for their 
use. ^ The surgical literature on prophylactie antibietieshigh- . 
lights this debate. Initially advocated in contaminated and . 
certain clean-contaminated procedures, antibiotic prophylax- 
is has now been suggested to be of benefit for patients ender- 
going clean procedures.’ The potential complications of anti- 


biotie therapy, such as the selection of resistant organisms or  — 


changes in hospital flora, have been difficult to quantify andas _ 
such have received relatively little attention. Concern at our 

institution was recently heightened by a clustering of € diffi- a 
cile-associated disease on a general surgery ward. It was 
apparent during subsequent surveillance that this complica- - 


tion of antibiotic therapy followed a pattern of nosocomial _ 


acquisition and was highly variable in both its clinical presen- 
tation and severity. Many eases of C difficile-associated dis- . 
ease followed short courses of prophylactic antibiotic therapy : 


and thereby underlined the need for constant reevaluacion of . x 


prescription praetices. The aim of this article is to present the 
characteristics of a C difficile outbreak in a large university 
hospital with emphasis on the issues of nesocomial aequisi- 
tion, variability of presentation, difficulties in diagnosis and - 
prevention, and the significance of prophylactie antibiozies. 


PATIENTS AND METHODS 


A elustering of diarrheal disease associated with stool posizive for 
C difficile toxin in November and December 1988 initiated an cngoing 
program of documentation, risk assessment, and infection control, — 
The eollection of data on previously affected and new patients was -— 
begun in spring 1989 with the simultaneous initiation of an irfeetion 
control program consisting of education and improved isclaticn prát - 
tices. The effectiveness of this program was assessed by moritoring 
microbiology records for the development of new cases. 

Among the population of patients admitted to the Royal Vietoria 


Hospital (Montreal, Quebec) from August 1988 through August 1989, - i 
50 patients were identified by diarrhea and C difficile toxin—positive ^. 


stool. The medical records of these patients were analyzed ir detail. 


Demographic information—in addition to data regarding the indica- E 9 
tions for hospital admission, hospital location, surgical precedure ee 


performed, prophylactic and therapeutic antibictic exposure, as well 
as clinical outcome—was collected onto a standard questionnaire 


developed by the Infection Control staff. Diarrhea was defined as . D 


three or more nonsolid bowel movements within a 24-hour period. 
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Fig 1.— The number of patients with a new onset of Clostridium difficile—associated diarrhea is represent- 
ed by the time of illness and ward location. Each coded bar represents a separate ward in either the 


surgical (top) or medical (bottom) pavilions. 


Prophylactic antibioties were defined as those that were adminis- 
tered for preventive purposes in the absence of active infection. A 
standard cell culture essay was used to detect the presence of a 
cytopathic toxin in cell-free filtrates of stool specimens. Neutraliza- 
tion of this toxin by Clostridium sordelit antitoxin confirmed identifi- 
cation of C difficile stool cytotoxin.” 
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RESULTS 


Location 


There were 50 hospitalized patients with diarrhea and stool 
positive for C difficile toxin. They consisted of 19 male and 31 
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Fig 2.— The length of each bar represents the duration of hospital 
admission for individual patients with Clostridium difficile-associated 
disease on ceneral surgical ward S9E. The ends of each bar corre- 
spond to the hospital admission and discharge dates. 


Table 1. — Antibiotic Prophylaxis in Surgery: Postoperative 
Clostridium difficile Diarrhea (33 Patients) 


Antibiotic Exposure 


Therapeutic 
Prophylactic 
<24 h 
>24 h 
<24 h and bowel preparation 
>24 h and bowel preparation 
None known 


20% 

Prophylactic Therapeutic 

Cephalosporin 

EEE  Aminoglycoside 
Penicillin 

Cotrimoxazole 


ass= Vancomycin Hydrochloride 
Other 


Clindamycin 
Metronidazole 





Fig 3. — These coded charts display the relative proportions of all (102) 
the prophylactic or therapeutic courses of antibiotic admiristration 
representec by specific antimicrobial agents. 


female patients with a mean age of 61 years (age range, 25 to 
98 years). In 36 patients C d?fficile-associated disease devel- 
oped during their hospitalization on surgical services (Fig 1, 
top) with the majority (21 of 36) ofthese patients being on two 
adjacent general surgery wards (9E/9W) that shared attend- 
ing surgeons and house staff. The remaining 14 patients were 
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on medical wards (Fig 1, bottom). Figure 1 displays patient 
data collected during the study period (August 1988 threugh 
August 1989) in addition to incidence rates collected from the 
preceding 4 months (from April 1988) and the following 6 
months (to February 1990). These additional data are inelud- 
ed to illustrate the endemic rate of C difficile-associated 
disease prior to the study period, the increased incidence on 
the surgical wards during the study period, and the subse- 
quent return to endemicity during the following months. The 
incidence of C difficile-associated disease among patients 
who have undergone surgery increased despite the early 
institution of infection control measures such as educatior. and 
enteric isolation. New cases continued to appear unti the 
coincidental closure of two general surgery wards (S9E and 
S9W) for renovations in July 1989. 

One general surgery ward (S9E) had 15 cases of C diffi- 
cile-associated diarrhea. This ward consisted of eight Zour- 
bed semiprivate rooms with shared toilet facilities and two 
private rooms with dedicated bathrooms. The timing and 
length of these ward admissions are displayed in Fig 2. A 
more detailed tracking of patients revealed that two o? the 
eight Zour-bed rooms on the ward accounted for the location, 
at initial diagnosis, of 10 of 15 affected patients. 


Antibiotic Exposure and Surgery 


A total of 102 courses of antibiotics were prescribed to these 
patients for either therapeutic or prophylactic purposes rior 
to the development of their diarrheal symptoms. The major- 
ity (70%) of patients received more than one antimicrobial 
agent. Thirty-seven courses of prophylactic antibiotics were 
administered among 25 patients. Twelve of these latter pa- 
tients received prophylaxis for 24 hours or less and yet went 
on to have C difficile-associated disease develop (Tab e 1). 
Six patients were prescribed more than one antibictie while 
the remaining six patients received only single agents. Ceph- 
alosporins were the agents most likely to have been adnainis- 
tered for either prophylactic (76%) or therapeutic (81%) pur- 
poses (Fig 3). Metronidazole, an effective treatment for 
established C difficile infection, accounted for 12% of the 
therapeutic antibiotics prescribed prior to diarrhea. In all 
cases of metronidazole therapy, there were other concurrent 
antimicrobial agents being administered. Vancomycin hydro- 
chloride, when found to predate C difficile disease, had been 
administered intravenously. 

Among the patients admitted onto surgical wards, the 
majority (22 of 36) had been exposed only to prophy.actie 
antibioties prior to the onset of diarrhea. Patients on the 
medical wards accounted for the remaining 14 cases of 
C difficile-associated disease. Three of these patients re- 


ceived antibiotics for prophylaxis while 10 had therapeutic 


courses. There were three patients from whom no histery of 
antibiotic exposure could be documented in the 3 months prior 
to the development of diarrheal symptoms. 

There were 33 patients who had undergone surgical proce- 
dures and had received perioperative antibiotics predating 
the onset of C difficile disease (Table 2). Laparotomies were 
performed in 18 patients. The remaining patients had either 
orthopedie, gynecologic, vascular, or urologic surgery. There 
were 20 female and 13 male patients, with a mean age of 59 
years (age range, 25 to 98 years), in whom diarrhea developed 
between 1 and 37 days post-operatively (mean, 9 days). Perio- 
perative prophylaxis was the only indication for antibiotics in 
the majority (20 of 33) of these patients. The duration of 
antibiotic prophylaxis was 24 hours or less in 12 patients. The 
remaining eight patients received antibiotie prophylaxis for 
between 24 and 72 hours (Table 1). Four patients had received 
a mechanical bowel preparation consisting of oral neomycin 
sulfate, metronidazole, and polyethylene glycol solution 
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Table 2.—Surgical Procedures Predating Diarrhea: 
Costridiur difficile Toxin Positive (33 Patients) 


Surgical Procedure, No. Performed 


General 
Cholecystectomy, 3 
Lysis of adhesions, 3 
Incisional hernia repair, 2 
Appendectomy, 2 
Colon resection, 2 


Esophagectomy, 2 
Splenectomy, 2 
Adrenalectomy, 1 
Renal transplant, 1 
Vascular access, 1 
Gastroplasty revision, 2 
Specialty 
Orthopedic surgery, 5 
Gynecology, 3 
Vascular surgery, 2 
Urology, 3 


Table 3. — Clinical Features 


Feature 96 
Temperature >38°C 32 












Leukocytosis, x 10°/L 
12-20 32 
20-40 10 
>40 2 
Tachycardia 24 
Abdominal pain 44 






Endoscopy 74/16* 


*Percentage not assigned here since not all of the patients were submitted 
to endoscopy. 





Clinica! Features 


Clostridium difficile disease often presented as a constella- 
tion of non-specifie symptoms associated with watery diar- 
rhea. There were no pathognomonic clinical features. One- 
third of the patients had mild to moderate pyrexia. 
Leukocytosis was seen in 4496 (22/50) of patients with one 
patient marifesting a leukemoid reaction. Other frequently 
associated findings included crampy abdominal pain and 
tachycardia (rate > 100 beats per minute). Only 16 patients, 
principally those admitted for general surgery (13 of 16), were 
endoscopically examined. Seven patients had pseudomem- 
branes eonf rming the presence of C difficile infection (Table 
3). The time between antibiotic exposure and diarrhea was 
highly variable, ranging from 48 hours to more than 30 days. 
No cases of diarrhea associated with C difficile cytotexin 
yielded stocl cultures positive for Salmonella, enteropathic 
Escherichia coli, or Campylobacter. 

Several case histories illustrate the wide spectrum of clini- 
cal presentation anc highlight potential difficulties in diagno- 
sis. Patient 42 was a 63-year-old woman who had watery 
diarrhea develop 5 days after an elective cholecystectomy. 
She had received three doses of cefazolin sodium prophylaxis 
(24 hours) There was no associated fever or leukocytosis. 
Findings from a rigid sigmoidoscopic examination were nor- 
mal. The pazient was presumptively treated with metronida- 
zole and prampt resolution of diarrhea followed. Stool analy- 
sis confirmed the presence of C difficile toxin. 

Patient 2( was a 40-year-old man who presented with diar- 
rhea and crampy abdominal pain 2 days after elective adrenal- 
ectomy and perioperative antibiotic prophylaxis (Fig 4). The 
patient was treatec presumptively with metronidazole but 
the perioperative administration of prophylactie cephalospo- 
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Postoperative Days 
Fig 4.— This figure represents the clinical course of patient 20. The 
bars indicate the duration of diarrheal symptoms or vancomycin hydro- 


chloride treatment. The vertical marker on the former bar indicates the 
point where Clostridium difficile toxin was detected. 


rin was prolonged as the possible diagnosis of early pneumo- 
nia in an area of pulmonary atelectasis was investigated. The 
patient's condition deteriorated rapidly over the next several 
days with progressive abdominal distention, fever, and leuko- 
cytosis. Abdominal roentgenograms were consistent with 
ileus and bowel wall edema. Ultrasonography was used to 
exclude the diagnosis of localized abdominal sepsis. Colonos- 
copy, performed on the ninth postoperative day, confirmed 
the presence of pseudomembranes and the patients was 
switched to oral vancomycin treatment . The symptoms grad- 
ually resolved. Clostridium difficile toxin assay was positive 
while sputum cultures were negative. 

Patient 12 was a 76-year-old woman who had an uncompli- 
cated abdominal hysterectomy and oophorectomy for endo- 
metrial carcinoma. She received a preoperative bowel prepa- 
ration consisting of oral neomycin, metronidazole, and 
polyethylene glycol lavage. Three doses of cefazolin were 
administered perioperatively. Two weeks after hospital dis- 
charge, watery diarrhea developed and she was seen by her 
surgeon who prescribed loperamide hydrochloride. The 
symptoms progressively worsened despite medication and 
the patient subsequently presented to the emergency depart- 
ment. She was found at that time to be hypotensive with a 
diffusely distended and tender abdomen. Blood leukocyte 
level was elevated to 60.8 x 10°/L. Roentgenograms revealed 
thickened loops of bowel with thumbprinting. Sigmoidoscopy 
confirmed pseudomembranous colitis. The patient refused 
operative intervention and died within 8 hours of septic shock 
despite maximal medical therapy. The C difficile cytotoxin 
assay was positive. 


Treatment and Outcome 


Initial treatment consisted of oral metronidazole (500 mg 
every 8 hours) or oral vancomycin (125 to 500 mg every 6 
hours). Sixty-six percent (33/50) of patients were treated with 
metronidazole. Eight percent (nine) of these metronidazole- 
treated patients had relapses and required vancomycin thera- 
py. Vancomycin, used as first-line therapy in 14% (7/50) of the 
patients, was generally the treatment of choice among the 
more seriously ill patients. Diarrhea resolved without specific 
treatment in the remaining 18% of patients. There were seven 
hospital deaths among the 50 patients with C difficile-asso- 
ciated disease with C difficile being responsible for one death 
and contributory in three deaths. Thirteen patients, some of 
whom were initially discharged from the hospital with undi- 
agnosed diarrhea, required hospital readmission for C diffi- 
cile-associated disease. 
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COMMENT 


. Our study identified 50 patients with C difficile disease on 
the basis of diarrhea and positive stool cytotoxin assays. This 
umber likely represents an underestimate of the true num- 
er of C difficile carriers and therefore may explain why 

difficulties were encountered in controlling and preventing 
further nosocomial infection. The majority of cases were 
within the Department of Surgery. The pattern of infection on 
general surgical ward S9E is consistent with known mecha- 
nisms of acquisition from the physical environment." Two- 
thirds of the affected patients admitted to the ward could be 
traced to two of eight rooms. Further cases continued to 
appear despite a concerted effort by the Infection Control 
staff. Specific interventions included the clustering or isola- 
tion of affected patients within designated rooms after their 
|... diagnosis, prompt treatment cf these patients, segregation of 
bathroom facilities, and the reinforcement of strict enteric 
precautions and handwashing routines. Despite the institu- 
tion of these measures, new cases continued to appear. The 
incidence of C difficile-associated disease subsided to previ- 
ous endemic levels only after the coincidental closure of wards 
SSE and S9W for renovations in July 1989. The potential 
presence of asymptomatic carriers among the patients and 
personnel, combined with the hardiness of C difficile spores, 
may have contributed to the failure of these infection eontrol 
measures. Bender et al’ have reported similar difficulties 
during an outbreak in a chronie-care facility. The use ofa body 
substance isolation system where all patients, rather than 
only those specifically diagnosed as being infectious, are 
treated with barrier precautions is recommended to minimize 
.. transmission from asymptomatic carriers." 
ie: Antibiotic therapy has traditionally been regarded as pro- 
b oue viding great patient benefit with little or no risk. The report of 
Tedesco et al' described a 21% incidence of diarrhea and a 10% 
incidence of pseudomembranous colitis after clindamycin 
therapy and thereby underlined the potential for significant 
complications secondary to antibiotic administration. Subse- 
> quent investigations in rodents indicated that a similar antibi- 
otie-associated colitis could be transmitted by a filterable 
agent found in the stool of both affected hamsters and patients 
with pseudomembranous colitis."" Neutralization of this 
agent with clostridial antitoxin led to the identification of 
C difficile as the source of the cytotoxin in pseudomembran- 
ous colitis," Although cases of pseudomembranous colitis 
without antibiotic exposure have been reported,” C difficile 
is regarded as a pathogen dependent on host antibiotic 
_ . exposure. 
4' . Thehypothesis most widely held regarding the pathogene- 
^. gis of C difficile-associated benc is that antimicrobial ther- 
apy alters the intestinal ecology in such a way as to allow for 
either the overgrowth of endogenous toxogenic C difficile or 
DE colonization through exogenous sources. ^ Epidemiologic data 
from Sweden indieate that the carriage rate for C difficile 
among healthy adults is approximately 296. Cytotoxin was not 
found in healthy subjects and was very rarely present in 
patients with acute diarrheas unrelated to antibiotics. Sub- 
jects older than 60 years constituted the majority of patients 
with C difficile-associated disease in Sweden." 
Gastrointestinal symptoms in adults, especially after anti- 
biotic therapy, correlated best with the detection of cytotoxin 
as compared with recovery of the organism in stool cultures. 
The presence of cytotoxin is highly specific as it implies both 
'olonization by C difficile and the proliferation of a toxogenic 
majority of patients who asymptomatically harbor 
organisms show no evidence of stool cytotoxin 
: cell culture assay for cytotoxin is almost uniform- 
n patients with evidence of pseudomembranous 
stridium difficile toxin was reported to be pres- 
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ent in 15% to 25% of patients with antibiotie-associated diar- 
rhea, 50% to 75% of patients with antibiotic-associated colitis, 
and 90% to 100% of patients with antibiotic-associated pseu- 
domermbranous colitis.” 

Nosocomial acquisition has long been suspected as the pri- 
mary route of C difficile infection. McFarland et al" prospec- 
tively stucied hospital transmission and determined high 
rates of environmental contamination and hand carriage.” 
Colonizaticn by the organism occurred in 21% of patients with 
the majority remaining asymptomatic afterwards. Immuno- 
blot typing indicated transmission from patient to patient and — 
emphasized the high rate at which hands of personnel coud be 
colonized (5996). Various other studies, using strain serctyp- 
ing, have similarly documented the importance of patien£-to- 
patient spread in the propagation of hospital epidemics, ^" 
Serotyping facilities for C difficile, not routinely available in 
most eenters, were not used in this study. Asymptomatic 
carriage of C difficile is common and poses the special prob- 
lem of certain patients becoming unrecognized reservoirs of 
infection. 

Gerding et al‘ and Talbot et al” have both reported series in 
which C difficile disease developed in a large proportien of 
patients, 20% and 38%, respectively, after treatment with 
prophylactic antibiotics. In the former study, 75% of the 
reported cases occurred among patients admitted onto surgi- 
cal wards. Mogg et al" reviewed 66 cases of antibiotic-associ- 
ated colitisamong patients on a surgical service and described 
a mortality rate of 27%. In addition to mechanical bowel 
preparation, the use of preoperative and perioperative antibi- 
oties was a common antecedent factor. The length of adminis- 
tration of antibioties and the indications (prophylactie vs ther- 
apeutic) for their use among specific patients was, however, 
not described. Our data describe 50 patients who devel oped 
C difficile-associated disease. Review of antecedert events 
showed that 25 of 50 patients had received prophylaetie anti- 
biotics prior to the onset of diarrheal symptoms. Twelve cases 
(24%) occurred after short courses of 24 hours or less. Seven- 
ty-two percent (36/50) of the patients were admitted onto 
surgical services. Metronidazole, when administered preop- 
eratively as part of prophylaxis or therapy, cid not prevent 
the development of C diffictle-associated disease. A recent 
study, however, has proposed that metronidazole may have 
some protective effect and has recommended that it be chosen 
as the preferred antianaerobic agent at institutions with high 
rates of C difficile disease." The predilection o? C difficile-as- 
sociated disease for elderly patients and those in the posteper- 
ative state may indicate that C difficile infection has a certain 
dependence on the alterations in immune function associated 
with aging or surgical stress. 

The early diagnosis of C difficile disease among patients 
following surgery is difficult as many of the symptoms can be 
confused with the “normal” changes in bowel habits after 
surgery, other infections, ileus, or even peritonitis." Clinical 
findings were typically nonspecific. Mild fever, abdorninal 
pain, and leukocytosis were frequently encounterec. Timely 
treatment can be facilitated by a high index of suspicion and 
early endoscopy. Although only 16 patients were examined 
endoscopically (five patients, colonoscopy; 11 patients, rigid 
sigmoidoscopy), the finding of pseudomembranes allowed the 
immediate initiation of specifie therapy in seven patients. 
Diffieulties with sigmoidoscopic diagnosis include patient 
compliance and the possibility of rectal sparing by the pseudo- 
membranes.” 

The extent of the morbidity incurred by these patients is 
significant. There was one death attributable to prophylactic 
antibiotic therapy and a fulminant pseudomembranous coli- 
tis. The clinical course of this patient, as described previcusly, 
underlines potential pitfalls faced by the surgeon in the man- 
agement of diarrhea among patients after surgery. Symp- 
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| nt with antip ristaltie a "n as Kien 
mide, may del y definitive diagnosis and have adverse 
 eonsequences. These agents should be avoided unless a spe- 
cific diagnosis has been made and C difficile-associated dis- 
ease has been excluded through appropriate investigations. 
Three other patients had persistent diarrhea but died of 
unrelated causes. There were 13 patients (26%) who required 
hospital resdmission for diarrhea and abdominal pain. 
This series of patients has shown that prophylactic antibiot- 
ies ‘significant risks when administered in an environ- 
men: endemic for C difficile. This is particularly relevant as 
antibiotie prophylaxis has now been advocated by some as 
being of benefit in refined clean surgery.’ The potentia! ad- 
vantage of further reductions in the already low rates of 
wound infection after clean surgery may, in some institutions, 
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RICHARD J. HOWARD, MD, Gainesville, Fla: Even a short course 
of prophylactic antibiotic therapy may carry a substantial price for 
some patients. Did the authors know how many patients had diarrhea 
and nad cultures taken who did not have C difficile? How many 
. patients had cultures taken for every one found to have C difficile? 

= Whai was the basis Jor treatment— diarrhea or a positive test for 
toxin? What is being done to prevent C difficile infection? The most 
3 € factor seemed to be the rather fortuitous closing of a 
al ward for rencvatien. 
; "JOEL EHRENKRANZ, MD, Miami, Fla: The authors have not eare- 

. fully defined the popalation at risk, thus, not conforming to standard 
— epidemiological teehniques. Although the authors said hand washing 
was lone, C difficiie survives soap-and-water handwashing. Was 
antiseptic handwashing done regularly? Was C difficile brought into 
the hospital from outside sources (eg, nursing home patients). 

: PHILIP S. BARIE. MD, New York, NY: Did an initial negative 
- toxin assay lead to any delay i in diagnosis? 

ALBERT T. MCManus, MD, Fort Sam Houston, Tex: What de you 
mear: by microbial surveillance? Isolation of this organism is patient 
related and not environmental related. Therefore, infected patients 
should be separated le prevent cross-contamination. 

MARIA D. ALLO, MD, San Jose, Calif: What percentage of patients 
chad prior courses. of antibiotic therapy? Did any patients give a 
history that suggested a prior episede of C difficile colitis? 

Davin L. DUNN, MD, Minneapolis, Minn: Would Dr Richard 
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= e outweighed by the risks. of C difficile-associated disease 


following even short courses of antibiotic prophylaxis. Effec- 
tive control and prevention were difficult and likely reflected 
an underestimation of the disease reservoir among patients, 

personnel, and the physical environment. Early diagnosis 
relies oma high index of suspicion. In the clinical setting of 


recent aatibiotie administration, including short courses of 


prophylaxis, diarrhea should be considered a nosocomial in- 
fection until proved otherwise. Recent recommendations re- 
garding prophylactic antibiotics in clean cases must be tem- 
pered with the knowledge that C difficile-associated disease, 
and its attendant morbidity, may occur after a short course of 


prophylaxis. 


The authors thank Nancy Tanquay, RN, for her assistance in data collection. 
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Discussion 


Simmons comment because he had previously advocated using pro- 
phylaetie antibiotics in clean cases and here was an article that vividly 
showed prophylactic antibiotics had risks. 

RICHARD L. SIMMONS, MD, Pittsburgh, Pa: We have had cases of 
C difficile infection (including three deaths) in our hospital without 


diarrhea. A problem may come with the patient who has prophylactic 


antibiotics for outpatient surgery and who later calls complaining of 
diarrhea. ‘A study done at the University of Minnesota showed that 


roommates of C difficile carriers themselves become carriers within 2 


days. 

DR YEE: The number of patients was derived Rom those who had 
samples sent to the microbiology laboratory. Patients with diarrhea 
were treated presumptively. Prevention is difficult despite hand- 
washing and enteric isolation. With the reopening of the ward closed 
for renovazion they are back to the original endemic incidence rate. 

Antiseptic solution (sodium hypochlorite) was used for handwash- 
ing. Three patients did come from nursing homes. The clinical cases 
they reported may be the tip of the iceberg. All patients who came to 
the ward did not have cultures taken, only those who had diarrhea. 
This study examined only those who had diarrhea develop. Other 
studies showed 20% of hospitalized patients became infected but only 
one third had diarrhea develop. None of the patients had a prior 
episode ofC difficile or antibiotic exposure. The spores of C difficile 
are very hardy and can survive for up to 6 months. Renovation of the 
one ward would likely eliminate many of these spores. 
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a el: tive Contributions of Host and Microbial 





Omil Wells, PhD; Robert P. Jechorek, MS; Kristen J. Gillingham, MS 


> lo study the relative contributions of host and microbial 
factors in bacterial translocation, germfree mice were mono- 
associated with either Proteus mirabilis, Escherichia coli, or En- 
^ "ferococcus faecalis. Germfree mice included T-cell-deficient 
. nude mice and normal littermates, natural killer ceil-deficient 
Él beige n mice and normal littermates, and triply immunodeficient 
E with beige, T-cell, and B-cell mutations and their littermates. 
teris species. colonized the cecum in similarly high 
acteria were recovered from the mesenteric lymph 
'y mouse in inconsistent numbers, eg, greater num- 
) lis and E coli were recovered from T-celi-deficient 
mice than from their normal littermates, but the opposite 
| served with E faecalis. Comparing the three bacterial 
| species resulted in relatively consistent observations, eg, the 
“incidence of E faecalis translocation to the liver was greater than 
that cf E coli or P mirabilis translocation. Thus, the identity of the 
transiocating microbe significantly affected the recovery of via- 
bie transiocating bacteria. 
(Arch Surg. 1991;126:247-252) 












i ti is wel — that normal fora bacteria can translo- 
cate out of the intestinal traet and cause complicating 
mic infections after surgery and in immunosuppressed 
patients with trauma. An increased incidence of 
islocation has been associated with diverse situa- 
ig antibiotic therapy coupled with intestinal bac- 
wth," experimental diabetes,” parenteral endo- 
-parenteral nutrition,’ and various forms of 
as burn wounds, oral ricinoleic acid,” and mesen- 
2."* In the majority of these situations, the 
ibutions of host factors and microbial factors (ie, 
tion of the intestinal flora) have not been 
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F a "tors i in Bacterial Translocation 


Inan attempt to elarify the host factors involved in baeteri- 
al translocation, the effect of immune status has been studied 
in experimental animals, but the findings are contradictory. - 
Owens and Berg" reported an inereased incidence of sponta- 
neous bacterial translocation in T-cell-deficient nude mice. In 
our laboratory,” nude mice had the same low traasloeation 


incidence as normal control mice. In another study, Berg" .— 


noted that certain immunosuppressive agents (prednisone, 
cyclophosphamide, methotrexate, fluorouracil, or cytosine . 
arabinoside) promoted bacterial translocation in mice. In our 
laboratory,” translocation was not increased in mice given 
large doses of cyclosporine (causing generalized T-cell dys- 
function), anti-L,T, (causing depletion of T helper celis) or 
antithymocyte globulin (causing nonselective depletion of 
T cells. Thus, there are conflicting reports regarding the - 
effect of T-cell immunity on bacterial translocation, 

The above divergent results can possibly be explained by | 
differences in the composition of the intestinal flora in various — 
groups of mice. These differences could be importart because © 
there is Strong evidence that certain species of intestinal 
bacteria translocate more easily than others." For example, it 
is weil documented that frankly pathogenic species, such as 
Salmonella species and Listeria monocytogenes, translocate 
with relative ease. In addition, although intestinal anaerobic 
bacteria outnumber aerobie/facultative bacteria by approxi- 
mately 100 to 1," anaerobic species do not translocate as - 
readily as aerobic or facultative species. Of the intestinal - 
aerobic/faeultative species, those that frequently translocate - 
include Escherichia coli, Proteus species, Klebsiella pneu- 
moniae, other enterobacteriaceae, Enterococcus species, o 
streptococci, and Pseudomonas aeruginosa." It-has been 
assumed that, in situations facilitating bacterial transloca- 
tion, each of the above species of normal flora aerobic/faeulta- 
tive bacteria translocates with similar frequency. However, 
this speeulation has been difficult to verify experimentally. _ 

The incidence of bacterial translocation ean be directly 
related to the intestinal concentration of the translocating 
microbe." Thus, to compare the translocation incidences of. 
two or more different species of bacteria, each speeies must 
colonize the intestinal tract at a similar concentration. In 
addition, there is some evidence that the presenee of one 
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species of bacteria in the intestinal tract may modify the | 


translocatior. incidence of another species; specifically, that 
the presence cf high numbers of intestinal Enterococcus may 
decrease the incidence of E coli translocation." Therefore, to 
compare the translocation incidences of three species of nor- 
mal irtestinzl bacteria under defined conditions, we used six 
strains of germfree mice (including both immunocompetent 
and congenitally immunodeficient strains). Each of these six 
mouse strairs was monoassociated with either E coli, Proteus 
mirabilis, or Enterococcus faecalis. Using this experimental 
design, the following factors could be simultaneously com- 
pared in a defined manner: (1) the incidence of bacterial 
trans.ocation in miee with identical genetic backgrounds or 
identical immunodeficiencies, but colonized with either 
E col:, P mi-abilis, or E faecalis (ie, differences in microbial 
factors); and (2) the incidence of bacterial translocation in 
mice with identical intestinal flora, but with different genetic 
backgrounds or different immunodeficiencies (ie, differences 
in host factors). Our results suggest that bacterial transloca- 
tion depended mcre on the species of the translocating mi- 
crobe than en the genetic composition or even the immune 
status of the host. 


MATERIALS AND METHODS 
Animais 


Sixstrains.of germfree mice were bred and housed at the Universi- 
ty of Wisecnsin Grotobiotic Laboratory at Madison. T-eell- 
deficient, athymic, nude (nu/ni) mice and their functionally normal, 
heterozygous litterma:es (nu/ +) with a BALB/c genetic background 
and beige (bg/bg) mice and their functionally normal heterozygous 
littermates (bg/+) wich a C57BL/6 genetic background were used. 
The beige mutation produces a spectrum of leukocyte defects includ- 
ing a deficiency in natural killer cells" and a defect in the microbieidal 
capacity of polymorphonuclear leukocytes." Severely immunodefi- 
cient bg/bg ru/nu xid/xid mice (also known as N:NIH(S)III?) and 
their ittermstes were also used. The bg/bg nu/nu xid/xid mouse has 
the beige and nude mutations, as well as the xid:mutation. This latter 
mutationis an X-linked immunodeficiency that reduces the number of 
lymphokine-ectivated killer cells" and results in a selective B-cell 
Geficiency, ie, decreased responsiveness to certain B-cell mitogens 
and decreased antibody response to bacterial polysaccharides, such 
as type III pneumoecceal polysaccharide, bacterial lipopolysaccha- 
ride, and polyriboinesinie-polyribocytidylic acid." The bg/bg nu/nu 
xid/xid mouse was eriginally bred by Andriole et al^ by crossing 
female bg/bg +/+ xiVxid mice with male bg/bg nu/nu x/y mice, with 
baekcrosses to produce the bg/bg nu/nu xid/xid mouse; thus, litter- 
mates of bg/bg nu/nu xid/xid mice are homozygous at the beige locus 
and raay not 5e functiorally normal. In this article, the homozygous, 
triply immunodeficient bg/bg nu/nu xid/xid mice will be referred to as 
N:NIH(SDIIT, while their littermates will be referred to as 
N:NIH(S)L. The N: NIH(S)IT mouse was used because it may be the 
most. immunosuppressed mouse eurrently available, even more so 
than the severe comb:ned immunodeficient mouse. As noted by Ka- 
mel-Reid and Dick,” the severe combined immunodeficient mouse 
lacks functional T and B cells but has demonstrable natural killer 
activity”; in contrast, the N:NIH(S)ITI mouse lacks functional T cells 
and has reduced activ ty of natural killer, lymphokine-activated killer 
eelis, and B cells. 


Bacteria and Animal Inoculation 


Three species of intestinal bacteria were isolated from mouse 
mesenteric lymph roces (MLNs) during the course of various studies 
of bacterial cranslocetion in our laboratory." These three species 
included P mirabilis M13, E coli M14, and E faecalis M20. An 
overnight tryptic soy broth (Difeo Laboratories, Detroit, Mich) cul- 
ture of each species was placed in a separate germfree isolator and 
germfree mice were monoassociated by placing the organism in the 
drinking water. 

Each germfree isclater contained 60 mice aged 6 to 7 weeks, ie, six 
cages housirg 10 mice per cage. Each cage contained 10 male or 10 
female mice (five congenitally immunodeficient mice and five corre- 
sponding litzermates). To avoid fighting among male mice, litter- 
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Table 1. —Concentration of Viable Bacteria in the Ceca of Six 
Mouse Strains Monoassociated With Escherichia coli, 
Proteus mirabilis, or Enterococcus faecalis* 




















Ecol | P mirabilis E faecalis 
nu/nu 10.8::0.8 11.3+0.5 10.4+0.2 
11.2+0.8 10.3: 0.2 10.3: 0.2 








10.6 x 0.3 
10.2 * 0.1 


10.1+0.1 
| 10.8 £0.2 
N:NIH(SHI 9.7+0.1 10.0+0.1 
N:NIH(S)LT 9.60.1 10.0 0.1 10.0 0.1 


*Values given are mean + SE log. of viable bacteria per gram of cecum in 
monoassociated mice (n= 4). nu/nu indicates T-cell-deficient nude mice, and 
nu/+, their normal littermates; bg/bg, natural killer cell-deficient beige mice, 
and bg:-+-, their normal littermates; and N:NIH(SHII, severely immunodeficient 
bg/bg nu/nu xid/xid mice with beige, T-cell, and B-cell mutations, and N:NIH(S)L, 
their littermates. 

fPooling the results (n= 12) of all mice monoassociated with either E coli, P 
mirabilis, or E faecalis, the cecal colonization of this mouse strain was reduced 
(P<.05) compared with nu/nu, nu/+, or bg/ . 























mates were housed in the same cage. (This is important because 
bacteria from a wound might spread to the systemic circulation, 
confounding the origin of intestinal bacteria subsequently isolated 
from internal organs.) 


isolation and Enumeration of Viable 
Bacteria in the MLN, Liver, and Cecum 


All mice appeared healthy throughout these experiments. Seven 
days after monoassociation, mice were killed by carbon dioxide as- 
phyxistion and the MLN, liver, and cecum were excised in that order. 
All tissues were processed aseptically. No gross abnormality was 
evidert at autopsy. 

Cecal bacteria were cultured as previously described.*^" No extra- 
neous contaminating bacteria were detected in the cecal flora of any of 
the menoassociated mice. Cecal bacteria were quantitated from four 
mice «two male and two female) in each mouse strain, and were 
enumerated as the viable log,, per gram (wet weight). Mesenteric 
lymph nodes and the liver were individually homogenized and quanti- 
tativeiy cultured as previously deseribed.”*”’ Bacteria were enumer- 
ated as the total number of viable bacteria per tissue. The limit of 
detection of the assay was 10 bacteria for the MLN and 15 bacteria for 
the liver. The numbers of viable bacteria in the MLN and liver were 
converted to log,, values prior to statistical analysis. 


Statistical Analysis 


Statistical significance was set at P=<.05. For the cecal bacteria, 
analysis of variance techniques determined that, while there was a 
significant difference in cecal eolonization between mouse strains, the 
effectof the different bacterial species as well as the interaction effect 
of species by strain were not significant. Therefore, pooling data from 
over the three different bacterial species, Duncan’s multiple-range 
test was used to compare all pairs of means for the six mouse strains 
used in this study. For the MLN data, analysis of variance techniques 
determined that the differences among bacterial species and among 
mouse strains were significant, and that the interaction effect be- 
tween the two was also significant. Because the interaction term was 
significant, comparisons among the bacterial species or the mouse 
strains alone might be obscured by the species-strain interaction. 
Therefore, mouse strains were compared within each of the three 
bacterial species, and bacterial species were compared within each of 
the mouse strains, using Duncans multiple-range test for each com- 
parisen. Log-linear models were fit to the liver data to study the 
relationship between bacterial species, mouse strain, and the translo- 
cation incidence. A likelihood ratio test indicated that there was no 
significant three-way interaction between these variables, ie, the 
two-way interactions between bacterial species and translocation 
incidence, and between mouse strain and translocation incidence, did 
not depend on the level of the third variable. The three-way table was 
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“Table 2. — Recovery of Viable Bacteria From the Mesenteric Lymph Node (MLN) and Liver of Six Mouse Strains Monoassociated 

| With. Escherichia coli, Proteus mirabilis, or Enterococcus faecalis* 
e Viae Bacteria Recovered From MLN (n= 10) 
anch No. of Bacteria 
per MLN 


2.3+0.1 
1.6+0.2 0 
1.9+0.2 0 





Viable Bacteria Recovered From Liver (n 12). 
artt reagents Passeport ea SPADA 

incidence of No. of Bacteria 
Transilocationt§ per Laver] 



















18+0.2 10 1.5 
3.10.6 50 2620.3 
100 24402 10 2.1 
100 2703 0 NA 
100 23x02 0 NA 
1400 28+03 0 NÉ 
100 2.8+0.1 10 12 
100 2.9:-0.3 10 4.1 
100 3.1+0.2 10 “7 
100 1.4 0.3 70 15292 
100 1.8+0.4 30 1229 C 
100 22:02 70 12452 
e 100 1.80.3 40 25434 
N: NIHIS)IL 100 3.00.4 90 22422 
N:NIHIS)L 100 2.50.6 60 2.3424 


| S nuni indicates T-cell-deficient nude mice, and nu + , their norma! littermates; bg/bg, natural killer cell-deficient beige mice, and bg/ + , their normatlitternates; 
UN :NIHCS) HI, severely immunodeficient bg/bg nu/nu xid/xid mice with beige. T-cell, and B-cel! mutations, and N:NIH(S)L, their littermates: and NA, not applicable. 


“Percent of tissues with viable bacteria. 








: E : v Avg * SD wg of numbers of viable bacteria recovered from the MLN of each group of mice. The actual numbers of bacteria recovered from individuel mice 


-rang d from 30 to 10 700. The avg + SD numbers of bacteria recoverad from each of the 18 groups of mice ranged from 36 +8 to 2897 + 1302. 








a ot numbers of viable bacteria from mice with 


therefore: armiyzed as various two-way tables, and standard x^ tests 
were appliec. 


| RESULTS 
Cecal Colonization 


3 Considering each bacterial species separately, there were 
; no differences i in the numbers of viable cecal bacteria recov- 
-ered from the six different. mouse ‘strains monoassociated 
ither E coli, P mirabilis, or E faecalis (Table 1). 

i se si rain separately (ie, pool- 
ecies of teria), the cecal 

2 SUL H(S)L mice were each 
of pnt, nu/ +; and bg/: * mice (Table 1). 


Bacterial Translocation Into MLN 


ws that all three species of intestinal bacteria 
to the MLN of each mouse in each of the six 
d. Therefore, because the incidence of translo- 
“MLN was consistently. 100%, there were no 
the translocation incidences, among either bac- 
or mouse strains. However, there were both 
ies and mouse strain differences in the numbers 
ia recovered from MLN. These differences are 
n Tables 3 and 4. 

ng the numbers of viable MLN bacteria among 
bacterial species (36 paired comparisons) a 
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the results for each mouse strain (n 30 for each mouse strain), the incidence of translocation to the liver was greater in nu/nu mice than innu/ + mice, 
il) mice than in N:NIH(IDL. mice. Pooling the resu'ts for each bacterial species, the incidence of translocation was greater in the 66 mice 
with E faecalis (36/60) than in mice monoassociatec with E coli (9/60) or P mirabilis (3/60 P<.005). 

positive bacterial cultures, ie, mice with no viable liver bacteria were not considered ir: computing 


general observation was that greater numbers of P nirebilis 
than either E coli or E faecalis were recovered from the 
MLN. For each of the six mouse strains studied, with 
the exception of the severely immunodeficient N:NIH - 
(S)III strain, there were more viable P mirabilis recovered 
from the MLN than E coli or E faecalis, There was onlz one 
other significant difference between bacterial species: the 
number of E coli recovered from the MLN of nu/nu mice was 


greater than the number of E faecalis recovered frem ru/nu _ 


mice (Table 3). No other: ‘comparisons between bacterial spe- 
cies were significant. | 

In comparing the num mber rs of viable MLN bacteria among 
the six different mouse strains (90 paired comparisens). sta- 
tistical differences were inconsistent (Table 4). For example, 
more E coli and P mirabilis were recovered from the MLN of 
T-cell-deficient nu/nu mice than from their functiorally nor- 
mal nu/+ mice; however, the opposite was observed in mice 
monoassociated with E faecalis (Table 4). Greater numbers of 
E faecalis were recovered from the MLN of immunodefizient 
bg/bg mice than from functionally normal bg/ + mice; howev- 
er, this difference was not evident with E coli or P mirabilis 
(Table 4). In mice monoassociated with E faecalis, the mum- 
bers of viable MLN bacteria were greater in immunodefieient 
bg/bg mice than in immunodeficient nu/nu mice, but.this was 
not noted with E coli or P mirabilis, In eomparing the two 
strains of immunocompetent mice, greater nurabers of 
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sof Viable Bacteria Recovered From the Mesenteric 

vode (MEN) of Six Mouse Strains Monoassociated 
Wit? Three Bacterial Species* 

Nc. of MLN Bacteria Significantly 

, Bacterial Species Escherichia 













Enterococcus Proteus 


faecalis 










bg/+ 
H:NIH(S) 1I NA 
N:NIH(S)L NA 
P mirabilis 
nuinu 
nu/ + 
bg/bg NA 
Bg + NA 
N:NIH(S)yII ES es NA 
AENIH(SYL + + NA 


E iaecalis 
"nu/nu 








NA 
NA 


*i 






+44 









+44 
+ | + 







(d 









5g/4- ms NA 
N:NIH(SHII T" O NA 
; N:NIH(S)L Pis NA us 

^nuinu indicates T-ceit-deficient nude mice, and nu/+, their normal litter- 
mates; bg/bg, natural xfar cell-delicient beige mice and bg/+, their normal 
ittermates; N:NIH(S)I!L, severely immunodeficient ba/bg nu/nu xid/xid mice 
with beige, T-cell, and E-cell mutations, and N:NIH(SIL, their littermates; NA, 
not applicable, and pius sign, a significant increase was noted. Comparisons 
have been made between differen: bacterial species-within the same mouse 
strain. 











P mirabilis were recovered from the MLN of bg/+ than from 
nu/+ mice; however, similar differences were not observed 
with E coli or E faecalis. As expected, greater numbers of 
E coli and E faecalis were recovered from the MLN of the 
triply immunodeficient N:NIH(S)III mice than from each of 
the ether five mouse strains tested; however, the same pat- 
tern was not observed in mice monoassociated with P mirabi- 
~~ fis (Table 4). 


Bacterial Transiocation Into the Liver 


- -Ir analyzing bacterial translocation to the liver, only the 
|eiCence of translocation was studied, ie, differences in the 
numbers of bacteria were not analyzed. Considering each 
baeterial species separately, there were no differences in the 
ineicenee o? E coli, P mirabilis, or E faecalis translocatien to 
the livers of the six different strains of monoassociated mice 
(Table 2). Pooling the results from each mouse strain (n— 30 
for each mouse strain), the incidence of translocation to the 
liver was significantly greater in nu/nu mice than in nu/+ 














y t 
‘mice, and in N:NIH(GITD) mice than in N:NIH(IIDL mice. 
Considering each bacterialspecies. separately (n = 60 for each 
bacterial species), the incidence of translocation to the liver 
was signifieantly greater (P<.005) in the 60 mice monoasso- 
ciated with E faecalis thanin the 60 mice monoassociated with 
either E coli or P mirabilis (Table 2). 
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| . . The aim of this study was to compare bacterial transloca- 
| tion in six different strains of germfree mice monoassociated 

with one of three species of norm: | 
ly, E coli, P mirabilis, or E faecalis. Before discussing these 









. results, a caveat concerning the use of germ 
_ should be mentioned. It has been suggested that the germfree 
- animal may not be a relevant animal model because of its 












lintestinal bacteria, name- 


ee animals 





relatively unprimed immune system. Compared with conven- 


tionally reared animals, germfree animals have little detect- 






able y-globulin” and less lymphoid tissue." However, after 
stimulation with specific antigen(s), germfree animals exhibit 


lymphoid tissue proliferation and immune responses that are 
similar in degree to their conventionally reared counter- 


parts." Thus, germfree animals can respond to antigenic 


stimuli in a manner similar to conventional animals and should 


= provide relevant information concerning the relative effects 
. of monoassociation with different bacterial species. 


Anether caveat associated with this study was that only 
viable bacteria were analyzed. Unfortunately, translocation 
of dead bacteria is technically impossible to quantitate at this 
time. This information might have altered the total numbers 
of baeteria recovered from the MLN or liver. However, a 
factor supporting the relevance of the present data is that 
infections caused by translocating bacteria are likely to be 
initiated by live organisms. MN 

Escherichia coli, P mirabilis, and E faecalis colonized the 
ceca of each of the six monoassociated mouse strains at high 
concentrations of approximately 10" to 10" per gram. Statisti- 
cal analyses indicated no differences in the numbers of cecal 
bacteria in each of the mouse strains within each of the 
individual bacterial species. However, if one considered the 
30 monoassociated N:NIH(S)II or N:NIH(S)L mice as indi- 
vidual groups, the number of cecal bacteria recovered from 
each of these strains was lower than that recovered from 
three of the other four mouse strains. This should not detract 
from the results of this study for the following two reasons: (1) 
all strains of monoassociated mice had extremely high concen- 
trations of cecal bacteria, and this statistical difference may 
have little biological meaning; and (2) within each bacterial 
species, the N:NIH(S)III and N:NIH(S)L mice consistently 
showed the greatest evidence of bacterial translocation, in 
spite of the fact that these mice had the lowest numbers of 
intestinal bacteria. Thus, the inereased translocation ob- 
served in these mouse strains did not appear to be related to 
the-concentration of intestinal bacteria. 

Undoubtedly reflecting the extremely high cecal concen- 
tration of bacteria in all strains of mice, every mouse had 
viable intestinal bacteria recovered from MLN (Table 2). 
Thus, there were no obvious bacterial species or mouse-strain 
differences in the incidences of bacterial translocation to the 
MLN. However, there were detectable differences in the 


numbers of viable bacteria recovered from MLN. Statistical 


analyses of these numbers (between bacterial species and 
between mouse strains) permitted 126 pair-wise compari- 
sons. The results ofthese comparisons have been summarized 
in Tables 3 and 4 to permit clearer visualization of emerging 
patterns. 

Table 3 summarizes the comparisons between the differ- 
ences in the numbers of MLN bacteria among individual 
mouse strains colonized with either P mirabilis, E coli, or 
E faecalis (ie, differences in microbial factors). Of the 36 
possible comparisons, there were 11 significant differences. 
Ten of these 11 differences reflected an increase in the num- 
ber of P mirabilis recovered from the MLN ofa given mouse > 
strain, compared with the number of E coli or E faecalis |. 
recovered from the corresponding mouse strain. The only 
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~ — Mouse strain in which this phenomenon was not evident was 
~ the severely immunodeficient N:N IH(S)HI strain, in which 
the three bacterial species were recovered from the MLN in 
similarly high numbers. Thus, the overall results in Table 3 
suggest that viable P mirabilis was more efficient at translo- 
cating to the MLN than E coli or E faecalis. 

Table 4 summarizes the comparisons of the differences in 
the numbers of MLN bacteria between different mouse 
strains monoassociated with the Same species of intestinal 

. .- bacteria (ie, differences in host factors). Of the 90 possible 
comparisons, there were 32 significant differences, but no 
. pattern was evident. Inconsistencies were the rule, rot the 
- exception. For example, if we had only studied mice mono- 
issociated with E coli or P mirabilis, we might have con- 
cluded that translocation to the MLN was greater in T-cell- 
‘deficient nu/nu mice than their immunocompetent nu/ -- lit- 
termates; yet the opposite phenomenon was observed in mice 
‘ociated with E faecalis. If we had only studied mice 
ted with E faecalis, we. might have concluded 
ation to the MLN was greater in immunodefi- 
mice than their inmunocompetent bg/ + litter- 
e, if we had only studied mice monoassociated 
; colt or E faecalis, we would have concluded (as 
at translocation to the MLN was greatly facili- 
'IHGID mice compared with all other mouse 
ad; however, the same observation was not noted 
is. Thus, supporting the results in Table 3, the 
he translocating species appeared to be more 
the identity of the mouse strain in determin- 
f bacterial translocation to the MLN. 
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cation in 10 strains of immunocompetent mice, inclading 
C57BL/6 and BALB/e mice. Bacterial translocation WS as- 
sessed in both normal (untreated) mice and in antibiotic- 
decontaminated mice with intestinal overgrowth of antibiot- 
ic-resistant E coli; immunodeficient mice were not studied. 
However, in agreement with our findings, they concluded 
that bacterial translocation was not influenced by genetic 
differences between mouse strains. 

Although all monoassociated mice had viable bacteria re- 
covered from the MLN, only some mice had viable bacteria 
recovered from the liver (Table 2). Within a single monoasso- 
ciating bacterial species, analysis of the numbers of mice with 
viable liver bacteria revealed no signifieant differences — 
among the six mouse strains. Considering each isolator Of 2 
monoassociated mice as a single group of 60 mice, greater - 
numbers o? mice monoassociated with E faecalis had viable 
bacteria recovered from the liver compared with mice ` 
monoassociated with either E coli or P mirabilis. Carioasly, . 
as discussed above, numbers of P mirabilis translocated to | 
the MLN appeared to be greater than that of E col or | 
E faecalis. It is possible that, although P mirabilis was most — 


efficient at translocation to the MLN, the MLN was least — 
capable of limiting the dissemination of E faecalis. Thus, one — — 
species of intestinal bacteria appeared to translocate tothe 


MLN or te the liver more readily than another enteric 
species. 

The results of this study in monoassociated mice could be 
summarized as follows: (1) compared with E coli or E fa calis, 
greater numbers of P mirabilis appeared to translocate tothe 
MLN; (2) compared with E coli or P mirabilis, dissemination 
of E faecalis to the liver appeared to be facilitated; and (3) 
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ed following analysis of the 
of E coli, P mirabilis, and E 
liver of six strains of mice (in- 
munodeficient and immunocompetent 
fferent:strains of mice monoassociated 












' strains). Thus, in six di 


— with similar cecal concentrations of three different species of 
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normal intestinal bacteria, transloeation appeared to depend 


more on the species of the intestinal microbe than on the 
genetic composition or even the immune status of the host. 


This work was supported by Public Health Service Grant AI 23484 from the 
National Institutes of Health, Bethesda, Md. We wish to acknowledge the 
excellent technical assistance of Diane Bierman. 


References 





16. Steffen:EK, Berg RD, Deitch EA. Comparison of translocation rates of 
various indigenous bacteria from the gastrointestinal tract to the mesenteric 
lymph node. 4. Infect Dis. 1988;157:1032-1038. 

17, Wells CL, Jechorek RP, Maddaus MA. The translocation of intestinal 
facultative and anaerobic bacteria in defined flora mice. Microbiol Ecol Health 
Dis, 1988:1:227-235. . 

18. Andricie GL, Mule JJ, Hansen CT, Linehan WM, Rosenberg SA. Evi- 
dence that lymphokine-activated killer cells and natural killer cells are distinct 


based on analysis of congenitally immunodeficient mice. J Immunol. 


1985;135:2911-2913. 

19. Vassal’i JD, Granelli-Piperno A, Griscelli C, Reich E. Specific protease 
deficiency in polymorphonuclear leukocytes of Chediak-Higashi syndrome and 
beige mice. Rap Med. 1978;147:1285-1289. 

20. Waggic KS, Hansen CT, Moore TD, Bukowski MA, Allen AM. Cecocoli- 
tis in immunedeficient mice associated with an enteroinvasive lactose negative 
E coli. Lab Animal Sci. 1988;38:389-393. 

21. Scher 1. B-lymphocyte development and heterogeneity: analysis with 
immune-defestive CBA/N mouse strain. In: Gershwin M, Merchant B, eds. 
Immunologie Defects in Laboratory Animals 1. New York, NY: Plenum Press; 
1981:163-19C, 

29. Kamei-Reid S, Dick JE. Engraftment. of immune-deficient mice with 
human hematopoietic stem cells. Science. 1988;242:1706-1709. 

23. Dorshkind K, Pollock SB, Bosma MJ, Phillips RA. Natural killer (NK) 
cells are present in mice with severe combined immunodeficiency (SCID). J 
Immunal. 1985;6:3798-8801. 

24, Balisb E, Yale CE, Hong R. Serum proteins of gnotobiotie rates. Infect 
Immun. 1912;6:112-118. 

25. Gorden HA, Pesti L. The gnotobiotic animal as a tool in the study of the 
host microbial relationships. Bacteriol Rev. 1971,35:390-429. 

26. Bauer H. Lymphatic tissue in germfree animals. In: Coates ME, ed. The 
Germfree Animal in Research. Orlando, Fla: Academic Press Inc; 1968: 
215-217. 

27. Bauer H, Paronetto F, Burns WA, Einheber A. The enhancing effect of 
the microbial flora on macrophage function in the immune response: a study in 
germfree animals. J Exp Med. 1966;123:1013-1024. 

28. Maejima K, Shimoda K, Berg RD. Assessment of mouse strain on 
bacterial translocation from the gastrointestinal tract. Exp Anim. 1984;33: 
345-346. 


Discussion 


. J. WESLEY ALEXANDER, MD, Cincinnati, Ohio: It is surprising 
that so many of these profoundly immunodefieient animals lived as 
long as they did. Have some been studied further for mortality 
differences? Techniques that measure only translocation of live bac- 
teria provide only a partial picture of the transiocation process since 
as few as 1 in 10 009 translocated bacteria may survive in certain 
tissues, suchas the MEN. Have radioisotope techniques been used to 
measure the transloeatior: rate in the immunologically deficient ani- 
. mals? Have studies been done ir animals with macrophage or neutro- 
. phil dysfunctions? 
^ — QAROL L. MILLER. PHD, W 
—: tion of the findings of this study relate primarily to the interaction 
between the immunelegic defects and the bacterial species. | 
Cora K. OGLE, PED, Cincinnati: There is a vast difference in the 
- ability of different clinical isolets to be opsonized. Would this have 
 anyfhing to do with these observations? 


RICHARD L. SIMMONS, MD, Pittsburgh, Pa: Many of the differ- 
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orcester, Mass: The real interpreta- | 


ences couid be related to the facility with which organisms trans- 
gressed the epithelial barrier. Did the investigators study the surviv- 
al of bacteria in the phagocytes of the immunodeficient vs normal 
animals? 

Tom HUNT, MD, San Francisco, Calif: Might it not be concluded 
that the rate of translocation was not strongly a function of specific 
immune status? 

DR WELLS: We acknowledge that differentiation between translo- 
cation of live and dead bacteria is a problem that needs more atten- 


tion. While there was not much information on complement-mediated 
- opsonization in some immunologically deficient animals, there is evi- 
.. dence that germfree animals have a normal ability to mount an 
 antibodysmediated immune response. Proteus and E coli seem to be 
. killed equally well by macrophages, but Proteus seems to translocate 
more readily. The conclusion of the study is that both the ability to 


translocate and the characteristics of the organisms are important 
factors in the numbers of recoverable organisms. 
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_ Interleukin 1 Production After Cecal Ligation 
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. v Following cecal ligation and puncture with a 25-gauge nee- 
e .. die, endotoxin-sensitive C,H/HeN mice have a 45% mortality 
P — compared with no mortality in endotoxin-resistant C, H/HeJ mice. 
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Mice — 


Endotoxin has been shown to increase permeability of the 
gut mucosa to bacteria,‘ to impair host immune defenses, to. 
be elevated after thermal! and mechanical'trauma, andtobe = 
associated with multiple organ failure (MOF).* Because mac- 
rophages are activated by endotoxin,’ it is possible that endo- ^ . 
toxin leads to early macrophage dysfunction after sepsis. 
Sepsis associated with MOF causes 75% of the late deaths due — — 
to major trauma.” As pointed out by Knaus et al,” in a large 
study of 5677 intensive care unit admissions, the mertality - 
associated with organ failure lasting more than 4 days is 
primarily related to the number of organs tha: fail: 40% 
mortality for single organ failure, 60% when two ergans fail, 
and 98% for MOF. es 

Clearly, this high mortality associated with sepsis and 
MOF suggests a failure of host resistance associated with 
immune suppression after injury.” Unfortunate y, many of 
the human studies have involved heterogeneous greups of 
patients; good animal models of MOF have been lacking. Most. 
previously reported animal models of sepsis, eg, mjeetion of 
live bacteria? or endotoxin,” were inadequate analogues of 
human sepsis. The animal model we used — cecal ligation and 
puncture (CLP), initially described by Wiehterman et al"ina 
rat model and adapted to mice in our laboratory" ^ —closely 
parallelsthe cardiovascular and systemic patterns of sepsis’ 
humans, as outlined in the classic article by MacLean et 
This model has been found to be valid and reproducible for tł 
study of macrophage abnormalities after sepsis in our abora- 
tory. 3 | ophag 




































e sought to evaluate the response of macrophage 
antigen presentation and interleukin 1 (IL-1) preduction 1 
CLP in endotoxin-sensitive (C,H/HeN) and endotoxin-resis- 
tant (C,H/HeJ) mice. E 
MATERIALS AND METHODS 

Animals S 

We used C,H/HeJ mice (Jackson Laboratories, Bar Harbor, Me) 
and C,H/HeN mice (National Institutes of Health, Bethesda, Md)in - 
our study. Splenocytes for clonal maintenance were obtained from- 





. m 


C,H/HeJ and C57B16 mice (Jackson Laboratories). In all cases, mice _ 
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Were 4- to 6-week-old males weighing 25 to 30 g. In addition, to 
“prepare T-cell growth factor, rat splenocytes were obtained from 
female Sprague-Dawley rats (Charles River Laboratories, Wilming- 
ton, Mass). 


CLP 


Mice in each test group were anesthetized with an intraperitoneal 
injection of xylazine hydrochloride and ketamine hydrochloride ac- 
cording to methods approved by the Yale University Committee on 
Animal Care. In these studies, the cecum was ligated with 4-0 silk 
suture and punctured with a 25-gauge needle, as previously de- 
scribed. ^^ Following CLP, animals were resuscitated with 1 mL of 
norma. saline solution injected sabcutaneously. 


Splenocyte Harvesting 


At the time of testing, the mice were killed by rapid cervical 
dislocation and submerged in 70% alcohol; the spleen was removed 
through an incision in the left flank and immediately placed in phos- 
phate-bufferec saline (Irvine Scientific, Irvine, Calif) in sterile Petri 
dishes. Splenocytes were obtained by grinding spleens between two 
sterile frosted glass slices, followed by hypotonic lysis, as previously 
deseribed." ^ Splenocytes for the antigen presentation assay were 
treated with mitomyeir. C (50 mg/mL) for cell suspensions at 3 x 10’ 
cells per milliliter, and splenic adherent cells were prepared as de- 
scribed by Kaye et a1, 


Cell Lines and Growth Factors 


An antigen-apecifie T-cell clone (D10.G4.1) was used in the assay 
of macrophage antigen-presenting function and IL-1 production. 7? 
The D10 clone was maintained in RPMI with 10% T-cell growth factor 
and 10% fetal calf serum (GIBCO, Grand Island, NY) in 75 cm’ flasks. 
The T-cell growth factor was prepared from rat spleen cells, as 
previously described." Supplying clonal T cells (D10.G4.1) with 
excess T-cell growth factor (as well as macrophage and antigen) 
encouraged division and growth of the clone population. Recombi- 
nant human IL-1 (specific activity, 2.5 x 10° U/mg) was used as a 
reference standard. 


Antigen Presentation Assay 


Conalbuminis the antigen that specifically stimulates the D10.G4.1 
clone to proliferate, but Ia antigen-bearing macrophages must pre- 
sent the antigen to these helper T cells. The antigen presentation 
assay is designed to measure the ability of test macrophages to 
presen: conalbumin with the use of D10 growth as an indicator, ® We 
used splenocytes from miee that had not been manipulated as control 
cells. Experimental and contre cells, obtained and treated with 
mitomycin C, were brought to concentrations of 1 x 10°, 5 x 10°, and 
1 x 10° cells per well; D10 clone cells were prepared at 2 x 10° cells per 
well. Fifty microliters of the clone-specific antigen conalbumin (400 
mg/L) was added to the wells for a final concentration of 100 mg/L. 
D10 clone cells were used for assay at least 8 days after feeding (to 
minimize the number of IL-1-producing macrophages), Experimen- 

| taleells were divided into aliquots and placed into triplicate wells in 96 
... Well plates (Falcon 3040, Falcon Plastics, Division of Bioquest, Ox- 
— nard, Calif), mixed with 50 pL of D10 cells and 56 uL of conalbumin, 
and compared with appropriate contro! splenocytes. Plates were 
 ineubated in 5% carbor. dioxide for 60 hours, pulsed with tritiated 
_ thymidine (60 to 80 Ci/ramol, New England Nuclear, Boston, Mass), 
and harvested 4 to 16 hours later with an automated multisample 
harvester (Skatron, Lier, Norway) Samples were dried on filter 
paper, mixed with 2 mL of scintillation fluid, and counted with use of a 
intillation counter (Beckman Instruments Ine, Fullerton, Calif). 

te data were averaged to give the mean counts per minute and 



















IL-1 Assay 


Macrophage IL-1 production is necessary for D10.G4.1 T cells to 
replicate in response te antigenic or mitogenic stimulation. This IL-1 
assay measures the levels of IL-1 as indicated by tritiated thymidine 
uptake in the proliferating T-cell clone. These levels, expressed in 
counts per mirute, can be compared with a standard IL-1 curve to 
determine the amount of IL-1 produced by the test macrophages.” 
Concanavalin A (0.5 mg/L) was added to control and experimental 
spieen cells anc D10 cells in the presence of mitogen or serial dilutions 


254 Arch Surg— Vol 126, February 1991 


ef the IL-1 standard to allow caleulation of IL-1 levels. The plates 
were incubated for 72 hours in 5% carbon dioxide and pulsed with 
tritiated thymidine, as described above. 
Statistical Methods 

Data were analyzed using computer softward packages SAS and 
MacIntosh Statview. Differences in mortality rates between groups 
were assessed with the use of X^ analysis. Continuous data for macro- 
phage antigen presentation and IL-1 production were analyzed with 
use of the Mann-Whitney U test. Given the variability of D10 cells, 
experimental data were expressed as a percentage of control data for 
each experiment. 


RESULTS 
Control Data 


Results of each assay from experimental animals were 
paired with those from concurrently studied control mice of 
the same strain that had not been manipulated. Immunologic 
data for control mice (no CLP) were generated in parallel with 
data for experimental (CLP) animals for each assay. 


Antigen Presentation Assay 


Data for antigen presentation are shown in Fig 1. Macro- 
phage antigen presentation for endotoxin-sensitive C,H/HeN 
mice after CLP did not differ much from control antigen 
presentation, except at 8 days after CLP when antigen pre- 
sentation was depressed to 60% of control values (P<.05, 
Mann-Whitney U test). Conversely, endotoxin-resistant 
C,H/HeJ mice showed markedly increased antigen presenta- 
tion after CLP, with a fivefold increase over control values at 
1 hour and a 14-fold increase at 8 hours followed by normaliza- 
tion with another peak (fourfold increase) at 4 days after CLP. 
All of these differences are statistically significant compared 
with control values and with values of C,H/HeN mice 
(P<.05), Actual data on D10.G4.1 proliferation (tritiated thy- 
midine uptake in counts per minute) for antigen presentation 
are shown in Table 1. 


IL-1 Assay 


Data for IL-1 production after CLP are shown in Fig 2. 
In these assays, macrophages from endotoxin-sensitive 
C,H/HeN mice showed a threefold to fourfold increase over 
control values at 1 hour and 6 days after CLP, but IL-1 levels 
were comparable with control values at other times. On the 
other hand, macrophages from endotoxin-resistant C,H/HeJ 
mice showed elevated IL-1 levels at all times during the first 
24 hours after CLP, except at 2 hours. Following a marked 
increase in IL-1 production at 8 hours after CLP (26-fold 
increase over normal), IL-1 levels of macrophages from 
C,H/HeJ mice slowly approached normal values but remained 
elevated 6 days after CLP. Similar to data for the antigen 
presentation assays, IL-1 data are presented in Table 2. 


COMMENT 


These experiments were designed to evaluate macrophage 
function after CLP in endotoxin-sensitive (C,H/HeN) and 
endotoxin-resistant (C,H/HeJ) mice with use of a clonal assay 
system that depends on maerophage-T cell interactions and 
measures macrophage antigen presentation and IL-1 produc- 
tion. We performed these studies for two reasons. First, 
because endotoxin has been shown to participate as a media- 
tor in.a number of models of sepsis,** injury," and MOF; we 
believed that studies of sepsis in endotoxin-sensitive 
(C,H/HeN) and endotoxin-resistant (C,H/HeJ) mice might 
identify differential effects related to endotoxin in these two 
mouse strains. Second, macrophages have been shown to be 
activated by endotoxin, with a resultant release of prosta- 
glandin E; and tumor necrosis factor,“ both of which can be 
immunosuppressive. Because the major differences between 
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Fig 1.— Macrophage antigen presentation assay data for C,H/Hed (solid squares) and 
C,H/HeN (open squares) mice in the first 24 hours (left) and 1 to 8 days (right) after cecal 
ligation and puncture, expressed as a percentage of antigen presentation by normal 


splenic macrophages. 


C,H/HeN and C,H/HeJ mice is the responsiveness of their 
macrophages to endotoxin,” we hypothesized that th:s differ- 
ence would allow evaluation of endotoxin-mediated macro- 
phage abnormalities after CLP. 

In our studies, we utilized CLP as a model of sepsis. The 
merits ofthis model as a tool for the study of sepsis have been 
discussed elsewhere."^ The D10.G4.1 T-cell clone we used 
has been extensively described by Kaye et al.”” This clone is 
a particularly powerful tool for measuring macrophage pre- 
sentation of antigen to T cells and IL-1 production by 
macrophages. 

Some aspects of the D10 clone should be mentioned. We 
have noted that, after prolonged culture time, the D10 clone 
can undergo transformation and become independert, show- 
ing proliferation in the absence of IL-1. Obviously, this seri- 
ously hampers the ability to assay for IL-1. One solution to 
this problem is to initiate new clonal cultures before clonal 
transformation. Another possibility is to use a more direct 
technique (eg, radioimmunoassay or enzyme-linked immuno- 
sorbent essay) to measure IL-1. In addition, Kupper et al” 
have recently described autocrine growth of D10.G4.1 due to 
interleukin 4 or B-cell stimulatory factor 1 instead of interleu- 
kin 2.” Interleukin 4 alone did not lead to D10 proliferation, 
whereas IL-1 plus interleukin 4 did cause proliferation. 
Therefore, IL-1 appears to render D10 cells responsive to 
their autocrine growth signal, which is interleukin 4 and not 
interleukin 2 as originally suggested by Kaye et al.^^ Al- 
though this activation of D10 is by a different mechanism, the 
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Table 1.—Antigen Presentation After Cecal Ligation and 
Puncture (CLP) Tritiated Thymidine Uptake* 












Time 
After CLP C,H/HeJ Mice C,H/HeN Mice 

1h 75 1331(502) 37 400 (95) 
2h 44 0861(294) 42 200 (129) 
4h 51 C47T(341) 25 900 (112) 
8h 95 5201(1370) 6100 (130) 

16h 48 672 (77) 2530 (123) 

24h 64 501 (102) 5250 (84) 
2d 185 7401(172) 30 300 (93) 
4d 52 2641(450) 16 700 (186) 
6 d 48 768 (106) 47 400 (143) 
8d 87 820 (75) 10 100 (62) 





*Values are tritiated thymidine uptake in counts per minute; numbers in 
parentheses indicate the percentage of control value. Control levels are different 
for ditferent experiments depending on the reactivity ofthe D10 clone. 

tincreased vs C,H/HeN mice (P<.05, Mann-Whitney U test). 


requirement for IL-1 still makes this system a reasonable 
assay for IL-1. Even more recently, Hodgkin et al’ have 
suggested that much of the thymocyte proliferation may be 
mediated by interleukin 6 or B-cell stimulatory factor 2. 
Despite these concerns, the D10 clone still is one of the best in 
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Fig 2.—Levels of membrane-bound interleukin 1 produced by macrophages for 
C,H/HeJ (solid squares) and C,H/HeN (open squares) mice in the first 24 hours (left) and 
1 to 8 days (right) after cecal ligation and puncture, expressed as a percentage of 
interleukin 1 production by normal splenic macrophages. 


vitro tools for the measurement of antigen presentation and 
macrophage-T cell interactions. In addition, its use as a tool 
for the indirec: measurement of IL-1 remains valid. 

The data presented herein clearly show a marked increase 
in macrophage antigen presentation and IL-1 level after CLP 
in C,H/HeJ mice comrared with C,H/HeN mice. Conversely, 
C,H/HeN mice have an inadequate macrophage response to 
CLP. The first possitle explanation for the differential re- 
sponses seen :n these two mouse strains is that interferon 
gamma” and prostaglandins” induce the expression of Ia 
antigen on the surface of macrophages, which is crucial for 
antigen presentation. Studies by Vogel and Fertsch” have 
shown that C,H/HeN mice but not C,H/HeJ mice produce 
endogenous inzerferon gamma as an autocrine growth factor. 
Although endotoxin has been shown to stimulate macro- 
phages to produce prostaglandin E," Vogel and Rosen- 
streich" have shown thet macrophages from C,H/HeJ mice do 
not produce prostaglandin E, in response to Escherichia coli 
lipopolysaccharide. Because prostaglandin E, can downregu- 
late macrophage function,“ the enhanced macrophage func- 
tion seen in C,H/HeJ mice after CLP may be due to a failure cf 
C,H/HeJ mice to produce prostaglandin E, in response to 
endotoxin. Finally, the unresponsiveness of C,H/HeJ mice to 
endotoxin has been isclated to a single gene (Lps‘) on the 
fourth ehromosome." More recent research has suggested 
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Table 2.—Interleukin 1 Production After Cecal Ligation and 
Puncture (CLP) Tritiated Thymidine Uptake* 


Time 
After CLP C,H/HeJ Mice C,H/HeN Mice 


1h 24 720 (364) 19 800 (314) 
2h 5962 (88) 7330 (162) 


4h 24 9801(368) 6290 (151) 


8h 34 7801(2670) 9520 (140) 


16h 22 8321(1752) 6700 (124) 


2 27 5091(2098) 6020 (137) 


4h 
2d 22 2651(1709) 6870 (168) 
4d 13 260+(905) 3810 (133) 
6d 25 9071(467) 11200 (302) 


*Values are tritiated thymidine uptake in counts per minute; numbers in 
parentheses indicate the percentage of control values. Control! levels are 
different for different experiments depending on the reactivity of the D10 clone. 

tincreased vs C,H/HeN mice (P<.05, Mann-Whitney U test). 


that the Lps' gene defect in the macrophages in the C,H/HeJ 
mice can be partially reversed by interferon gamma.”* In one 
of their earlier reports on C,H/HeJ mice, Glode et al“ pointed 
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kerophages from C,H/HeJ mice were intrinsically 
o the in vitro cytotoxic effects of endotoxin, where- 
om C,H/HeN mice were not, which may also help to 





the fidis edge herein. The boats low response of 
macrophages from C,H/HeN mice to CLP and the attendant 
increase im mortality after CLP may be related to the effect of 
endotoxinon macrophages from C, H/HeN mice, ie, release of 
tumor necrosis factor and/or prostaglandin E, which in turn 
whregulate macrophage antigen presentation and IL-1 
production. Conversely, the C,H/HeJ mice, whose macro- 
phages are resistant to the effects of endotoxin, may be able to 
survive partly because they are able to develop supranormal 
phage antigen presentation and IL-1 production follow- 












: a hypothesis is plausible and would make our findings 
and those of Rosenstreich* consistent. This hypothesis 
‘would require the measurement of tissue and serum levels of 

IL-1, tumor necrosis factor, prostaglandin E, interferon 

















gamma, and endotoxin in this mouse medel to develop a 
coherent picture of the putative mediators) of immunosup- 
pression and mortality in the C,H/HeN endotoxin-sensitive 
mice. Nonetheless, the differences in mortality after CLP 
between these two strains of mice may be related to an 
inadequate response of macrophages from C,H/HeN mice, or 
conversely to a supranormal response of macrophages from 
C,H/HeJ mice, in this model. Ifthe pathophysiologie causes of 
macrophage dysfunction after CLP can be delineated, then it . 
may be possible to design therapeutic manipulations and - 
interventions to reverse these defects early after sepsis 
and/or injury to improve survival. 
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Discussion 


TIMOTHY L. PRUETT, MD, Charlottesville, Va: A repetitive theme 
of this year’s. meeting is an attempt to understand the response of the 
. macrophage te te. an infectious insult, both in cytokine production and 
. now in an assay of antigen presentation. The differential response of 
C,H/HeN endi "toxin-sensitive and C,H/HeJ endotoxin-resistant mice 
to infectious insults is at varianee with those reported by other 
investigators who noted an increased mortality in C,H/HeJ mice 
infected with Salmonella organisms. The two strains of mice were 
iot from thes same breeder, and the peritonitis induced by CLP would 
as the fecal flora vary. What about numerical and 
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potential functional differences (Ia antigen expression) between the 
adherent splenocytes of the C,H/HeJ and C,H/HeN mice used in the 
antigen presentation assay? The question arises concerning differ- 
ences in numbers of viable or dead organisms within the spleen 
modulating the strain variation response in the antigen presentation 
was questioned. 

MARK P. CALLERY, MD, St Louis, Mo: Do differenees in 1a antigen 
expression between the macrophages of these two strains explain the 
noted effect? What is the effect of sham laparotemy on antigen 
presentation? 
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costim laters tumor necrosis factor and interleukin 
‘in the two groups of mice? In ourexperience, CLP of similar mouse 
trains did not result insimiler mortalities, raising the question of the 


applicability of the model. 


zl 









— CAROL MILLER, Phi, Wercester, Mass: Have anti-IL-1 or anti- 
tumor mecrosisfactor antibod ies been used to alter D10 proliferation? 


How did you discriminaze: 


How dic unaze betweer B cells and splenic macrophages? 
Did you measure endotoxin levels in the two groups to determine 





Wry should a practicing surgeon who reads.the Archives of Sur- 
gery pay attention te a nonclinical article about IL-1, interferon 
gamma, and a fancy helper T-cell clone (DIO.G4.1)? What can be 
learned by pcking ho:es in the cezum in two incestuous strains of mice 
designated C,H/HeN and C,H/HeJ? In struggling with this article, 
the mention of inbred C3E mice may trigger an episode of deja vu in 
older surgeons. They may remember how successful immunosup- 
pression for transplantation moved in slow increments from inbred 
miceand tissue cultures tc whole animal organs and then to humans. 
In tkis report, Baker et zl address the reverse of the immunologic 
process and asks, “Why does the trauma patient, the septic patient, 
or the patient with MOF exhibit an impaired immune response?" The 
| authors are "rom a dedicated group of surgical cognoscente who are 

| finding the answers mong the mice and tissue culture flasks at the 
laboratory bench. The bio:ogie processes are tedious to fathom. 

Baker et al have capitalized on the fortuitous difference between 
two closely related strains of mice, one that does activate its macro- 
phages in response to endotoxin and one that does not. Such a 
difference iramediately points to the presence or absence of some 
cellular product that is controlled by a single gene that has been 
idenzified. Eaker and eoworkers have shown that the animals that 
survive the septic insult have activated macrophages that are able to 
present ant gen to T cels and to stimulate them to proliferate in 
| sufficient numbers te contain an intraperitoneal challenge of colonic 


Davidi M. Mirvis, MD 





pressure 





out 
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ch: Have you examined the | 


Physicians in Organizations: Dilemma of the Academic VA Staff Physician 


More physicians are assuming salaried positions within large health care organizations. In this report, we 
discuss the influence of such organizational changes on physician behavior in one large health care system — 
the Department of Veterans Affairs (VA) system — which employs more than 14,000 physicians. Conflieting 
es on these physicians in VA facilities affiliated with academic medical centers include differences 
between professional and organizational needs plus differences between the roles of the VA hospital and of 
filiate academic medical center. An analysis of these issues; based on organizational theory, 
that these clashes are consequences of fundamental differences between the parties involved. Because the 
tcome of the conflicts may be fatal to the organizations, they must be managed, not ignored. This involves 
recognizing the existence and the nature of the differences as well as actively sharing the responsibilities 
and the issues usually charged to one of the two conflicting groups to form a conjoint organization between 
the “two sides of the street” (Arch Intern Med. 1990; 150:1621-1623), 

Reprint requests te Veterans Administration Medizal Center, 1030 Jefferson Ave, Memphis, TN 38104 (Dr. Mirvis). 





comparable groups? 

DR BAKER: Our previous work demonstrated that CLP produced a 
polymierobial peritonitis. We have no specific information on Ia 
antigen expression of the splenocytes, the number of organisms in the 
spleen, and blockade of IL-1, tumor necrosis faetor, or prostaglan- 
dins. The differences in experimental mortality from Dr Ayala's work 
were believed to be multifactorial. Separation of B cells and macro- 
phages was:accomplished by adherence in this study, but previous 
work with surface markers showed similar findings. 


Invited Commentary 


organisms. The effective macrophages get the job done because they 
produce much more IL-1 that presumably acts with interleukin 4 to 
give a strong growth signal to the T cells. 

As goed scientists, Baker et al also examine the converse hypothe- 
sis: that the mice that succumb to sepsis have produced something 
extra that impairs macrophage function, perhaps an excess of inter- 
leukin 2 that will downregulate macrophage function. The macro- 
phage suppression by interleukin 2 has been reversed in mice by 
interferon gamma, a promising glimmer, 

A practicing surgeon who has to cope with frustrating “immunoim- 
pairmert” will immediately want to make the scientifically invalid 
leap from mouse to human. Is there a genetically determined suscep- 
tibility in humans? Are there macrophage mediators that are in 
excess or short supply? Could we manipulate them to better our 
patient? chances? In remembering the development of transplanta- 
tion, we knew the progress will be slow and difficult and will occur in 
small increments. Reports such as this one by Baker et al make a step 
forward and tantalize us. We should monitor the research with inter- 
est. In the future, the directed determination of surgical researchers 
may recruithelp from the "Three Princes of Serendip" and allow us to 
routinely monitor and manage macrophage function in the critically ill 
surgiea! patient, 


DONALD G. MCQUARRIE, MD, PHD 
Minneapolis, Minn 
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Nerve, 


William R. Burden, MD, J. Patrick O'Leary, MD 


* Although peptic ulcer disease was known to the ancients, 

|... the process by which the disease was produced remained a 
mystery. As advances were made in medicine and science, so too 
5... were advances made in the understanding of digestion and gas- 
.. trointestinel disease. The treatment of peptic ulcer disease Im- 





a his! pe rspe tive ot the role of the vagus nerve in the 
-control of gastric secretions and its relationship to peptic ulcer 
| sease , placing particular emphasis on Dragstedt's contribu- 


"Arch Surg, 1991 :126:259-264) 





F ew physicians contribute to our understanding of a dis- 
uo ease to such a degree that they are remembered for their 
|. contributions. Fewer still receive this type of accolade during 

— their lifetime. One of the few who did was Lester Reynold 
 Dragstedt, MD, for his contribution to the medical communi- 
_ty’s understanding of the relationship of the vagus nerve to 
he stomach and the production of peptic ulcer disease (Fig- 
ure). The resources from which this article was prepared 

ielude personal communications with Dragstedt, weekly re- 
earch conferences, literature, work in Dragstedt and Wood- 
ratory, and a series of audiotapes that were re- 
ragstedt int vedi e dt t bin w Tellows who would 
























tapes were i: during f four sessions s2 years before his 
: aa 


THE VAG us NERVE 


ye of the existence of the vagus nerve and the 
drelationship to gastric function is ancient. How- 
centuries would pass t efore the esed of the 






publication: October 18, 1990. v : 
ae *e ment of Surgery, Louisiana State e University Schoa of 


ine astric Secretions, and 
Their Relationship to Peptic Ulcer Disease 


rialy advanced by the experiments of René-Antoine Fer- 








vagus became well defined and its relationship to the stomach 
realized. Even as recently as the beginning of the 20th centu- 
ry, Pavlov incorrectly described the path of the vagi. He = 
believed that the right vagus innervated the lesser curvature, = 
and the left vagus innervated the greater curvature of the —. 
stomach.’ B 
Among the ancient physicians, anatomic studies werenota 
novelty but a continuation of a tradition that was centuries = 
old. By the third century BC, the dissection of cadavers and 
animals had begun in Alexandria, Egypt, and shortly there- ooo 
after reached an astounding level of competence inthe works | 
of two mer of genius, Herophilos of Chalcedon and Eras;stra- |. — 
tos of Iulis. After a hiatus of several centuries, aresurgencein ^. 
interest of anatomy occurred at the beginning of the second — 
century AD. Marinos of Alexandria wrote a eclossal anatomic | 
treatise of 20 books. Included in his works were studies of the : 
anatomy of the vagus nerve. s 
Galen reduced Marinos’ monumental effort to a collection of "n 
four books in which he cited Marinos’ studies of the vagi and _ 
speculated on the possible function of the nerves in the control um 
of the stomach.** Us 
Through the works of Latarjet, Jackson, Griffith, Harkins, i 
and many others, we are now able to appreciate the complex- — 
ity of the vagus nerve and understand its anatomy. Everyone . 
who has participated in gastric surgery can appreciate the : 
variability of the vagal trunks and branches." "ra 


GASTRIC PHYSIOLOGY 


The development of physiology as a science would provide | 2 
the impetus to establish the relationship between the rest of 
the body and the secretory properties of the stomach. Before- 
this time, digestion was thought to occur as a process of | 
putrefaction. This notion remained the doctrine of medical * 
teachings for quite some time. EN 

An understanding of the physiology of digestion was mate- 

















chault de Réaumur (1683-1757) on his pet buzzard, which 
swallowed anything fed to it. Buzzards swallow all parts of 
their prey and later regurgitate the indigestible components. x 
De Réaumur suspended pieces of meat on a thread running ` 
through & metal tube, which he then wrapped with more 


Peptic Ulcer Disease — Burden & O'Leary’ 259 : 





thread so that only fluids might penetrate to the food. He then 
‘allowed the bird to swallow the tube. A day or so later, when 
the bird had regurgitated the tube, de Réaumur found the 
meat reduced to a fraction of the original size and weight. 

. De Réaumur ther placed pieces of sponge in the little tubes, 
whieh soaked up gastric j juice before they were regurgitated. 
He collected the gastric juice and performed tests on the 
liquid. He found that the liquid digested food, thereby dis- 
proving the theory ef putrefaction. 

Mcre significant taan the particular results he obtained was 
the way de Réaumur defined the problem and set about 
solving it. Pirst, he found methods to retrieve and examine 

- food that had undergone a natural process of digestion. See- 
ond, he removed the supposed active agent from the stomach 
and duplicated digestion outside the organ, in vitro. Third, he 
examined the chemical properties of pure gastric juice." 
These three approaches provided a framework for the experi- 
ments on digestior for many subsequent generations of 
physiologists. 

Methods were no: available to de Réaumur to determine 
the chemica composition of the gastric juice. By the 1820s, 
substantial progress had been made in the methods of organic 
analysis. In 1824, William Prout (1785-1850), an English 
chemist, was able te prove, by careful titration and distilla- 
tion, chat the acid ef the gastrie juice was free hydrochloric 
aeid. This fnding was further confirmed by the work cf 
Friedrich Tiedemann and Leopold Gmelin of Germany in the 

lassie monograph, Digestion, Experimentally Considered.” 
Their work was inscired by the French Academy, which, in 
1823, proposed a prize for whoever could determine “by a 
series of chemical and physiological experiments what are the 
phencmena which follow one another in the digestive 
organs. »92,8.10 

Despite these findings, the argument of putrefaction vs 
chemical digestion continued. Time would provide the chance 
encounter of a military surgeon with one of medical history's 
most famous patients. William Beaumont was stationed at 
Fort Mackinac in the Michigan territory when Alexis St 
Martin was accidentally shot at close range in the left upper 
quadrant of the abdomen. After a stormy early course, St 
Martin was left with a mature gastric fistula. Beaumont took 
advantage of the situation and became the first person to 
study digestion and the movements of the stomach in situ. He 
made 51 observations in four series of experiments, which he 
published in the book, Experiments and Observations on ihe 
Gastric Juice and the Physiology of Digestion." 

His observations confirmed those of de Réaumur’s anc 
== convinced the medical community that the chemical activity 
—. - of gastric secretions was responsible for thedigestion of food. 
_. He also proved conclusively that gastric secretions contained 
_ hydroehloric acid. Beaumont's accomplishments were monu- 
mental. He began tis work at an isolated outpost in the 
frontier territory of Michigan. Subsequently, he brought St 
Martin and his family nearly 2000 miles to Plattsburgh Bar- 
racks, NY, where he supported his own family and St Mar- 
tin’s family on his meager military pay. He followed up this 
often uncooperative, ungrateful, and sometimes runaway pa- 
tient for more than 10 years. If only some of our modern 
investigations could have such a follow-up! 


NTROL OF GASTRIC SECRETIONS 


Ens Brodie (1783-1862), a British surgeon 
ysiologic experimentation, performed bilateral 
. cervical AEQUUS on four dogs and noted that arsenic- 
. stimulated gastrie secretion was prevented. He confirmed 
. this firding ir animals who underwent abdominal vagotomy. 
Brodie concluded “tt 
— them was attributed solely to the division of the nerves . 
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t the suppression of secretion in all of 


that the secretions of the stomach are very much under the 
control ofthe nervous system, "^ 

Although other well-known physiologists demonstrated 
similar findings, almost a century would pass before Ivan 
Petrovick Pavlov would show conclusively that there was a 
relationsEip between vagal innervation and gastric secretory 
function. Although he may be best remembered for his work 
on classical eonditioning (he won the Nobel Prize in 1894), 
Pavlov also conducted many experiments on gastric secretion 
and its relationship to the vagus nerve. 

In one of these experiments, he constructed a stomach 
pouch that was isolated from the remainder of the stomach by 
a mucesalbridge. This assured vagal innervation while isolat- 
ingthe lumen ofthe pouch from the remainder of the stomach. 
The blooc supply was preserved and the pouch was drained 
externally for collection of gastric secretions. The animal's 
esophagus was then interrupted by creating an esophageal 
fistulain the neck. By creating this fistula, the animal could be 
fed without the meal reaching the stomach. Pavlov referred to 
this as“‘sham” feeding. 

He ebserved up to 700 mL of gastric juice secreted by the 
stomachs of dogs after sham feeding. After subdiaphragmatic 
vagotomy, the volume of gastric secretions induced by sham 
feeding was dramatically reduced. Final confirmation of this 
finding was undertaken by excitation of the vagi of the dogs 
with electrical impulses and the observation of increased 
gastric secretion. This demonstrated that the vagus nerves 
contained secretory fibers that were stimulated when the dog 
ate food, even if the food did not reach the stomach.*”™" 


PHYSIOLOGY OF THE VAGUS NERVE AND STOMACH 


The interactions of the vagus nerve, gastric juice, and 
stomach ia the physiology of gastrointestinal function and 
secretion were not well understood until the middle of the 
20th century. In fact, even today many relationships are 
unclear. Much of what we now know about the physiology of 
gastric seeretions and the effects of vagotomy can be attri- 
buted to the creative mind of Lester R. Dragstedt, MD, PhD. 
It then:seems appropriate to continue this discussion of vagot- 
omy with a review of Dr Dragstedt’s contributions to the 
understanding of the physiology of gastric secretions and 
recount the circumstances that helped shape his career as a 
physician and scientist. 


LESTER REYNOLD DRAGSTEDT 


People and events shape lives. The actions taken using the 
opportunities that are presented to the individual shape desti- 
ny. Dragstedt's career demonstrates this philosophical truth. 
He was born in Anaconda, Mont, in 1898, the son of Swedish 
immigrants. During his youth, Dragstedt had the opportuni- 
ty to meet Anton J. Carlson, at that time a substitute minister 
in the Swedish Lutheran Church in Dragstedt's hometown. 
Carlson abandoned his ministry, finished his training as a 
physiologist, and in 1904 moved to the University of Chicago, 
Ill. Dragstedt's parents and Carlson continued to correspond. 

When Dragstedt was ready for college, Carlson suggested 
that he enter the University of Chieago. Dragstedt used to 
delight in quoting Carlson: "Send the boy to Chicago. They 
will find ou: in three months if he has any brains and, if he does 
not, you cau have him back in Ánaconda and put him to work in 
the copper smelter.” 

Apparertly, Dragstedt was not found to be wanting be- 
cause he received his bachelor’s degree in 1915 and his mas- 
ter's degree in physiology in 1916. He continued his studies in 
physiolegy as a member of the faculty of physiology and 
pharmacolegy at the University of Iowa, Iowa City. 

As part of Dragstedt’s graduate studies, he had begun to 
operate on animals, acquiring operating skills and surgical. 


Peptic Ulcer Disease — Burden & O'Leary 





Lester Dragstedt, MD, working in the research laboratory with surgical 
residents and students at the University of Chicago, III. 


technique. James J. Moorhead, MD, a practicing surgeon who 
volunteered his spare time to work in the physiology depart- 
ment, taught Dragstedt well. It is likely that the seeds of 
Dragstedt's desire to become a surgeon were planted during 
his association with Moorhead. 

Dragstedt returned to Chicago as an assistant professor of 
physiology and medicine, receiving his doctorate in physiolo- 
gy in 1920 and his medical degree from Rush Medical College 
in 1921. During this time, Dragstedt presented several re- 
ports on intestinal obstruction, removal of the duodenum, and 
parathyroid tetany. 

Although drawn to surgery as a career, Dragstedt could not 
bring himselfto serve the long apprenticeship required to be a 
practicing surgeon. Instead, he settled for a life as an academ- 
ic physiologist. He was convinced that a career in physiology 
held far greater promise for innovative accomplishments. He 
was appointed professor and chairman of the Department of 
Physiology and Pharmacology at Northwestern University, 
Chieago, in 1923. 

Dragstedt's second career began in 1925 when the Univer- 
sity of Chicago decided to build a hospital on the campus. 
Dallas B. Phemister, MD, as the professor and chairman of 
the Department of Surgery, persuaded Dragstedt to serve as 
a consultant to the architect for the purpose of designing a 
research facility within the Department of Surgery. On re- 
viewing his renderings, Phemister summoned Dragstedt to 
point out “a flaw in the plans." This announcement perplexed 
Dragstedt. When they met, Phemister pointed out that Drag- 
stedt had not included an office for himself when designing the 
space. Phemister was reported to have said, “I have no doubt 
I can teach surgery to physiologists; I am not certa:n I can 
teach physiology to surgeons." In this rather unusual way, 
Phemister was offering Dragstedt a position in the Surgery 
Department. 

Phemister persuaded Dragstedt to abandon his promising 
career in physiology to become a physiologist/surgecn. As a 
Rockefeller Fellow, Dragstedt went abroad in 1925 to gain 
surgical experience. Aecompanied by his mother, his wife 
Gladys, and their daughter Charlotte, the year abroad was 
eventful. He had the opportunity to see many famous sur- 
geons of the day. While working with Polya, a former student 
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of Theodor Billroth, he performed his first gastric resection 
for a duodenal ulcer. ^" 


DRAGSTEDT'S GASTRIC SECRETORY STUDIES 


One of the first questions that Dragstedt chose to explore 
centered on the capability of the gastric mucosa to resist 
peptie digestion. If gastric juices chemieally digested the 
ingested meal, how was the gastric mucosa spared from this 
digestive property? 

John Hunter (1728-1793), the founder of scientific surgery, 
proposed that the stomach mucosa resisted digestion because 
it contained a “living principle.” He made this statement after 
observing larvae and worms residing in the stomachs of 
slaughterhouse animals. He maintained that living tissue 
resisted digestion.“ 

Claude Bernard (1813-1878), the founder of experimental 
medicine and one of the great physiologists of modera France, 
conducted experiments in which he collected the gastric se- 
cretions of dogs and then suspended the legs of living fregs in 
the gastric juice. Bernard found that the legs were digested. 
This contradicted Hunter's assertion that living tissue re- 
sisted digestion by gastric secretions." 

Dragstedt read of the experiments conducted by Claude 
Bernard and repeated them. He collected gastric juice from 
Heidenhain and Pavlov pouches and placed the legs of pithed 
living frogs in this juice. The legs were digested, altnough the 
frogs remained alive. He presented his findings te Carlson, 
who stated, “You have shown that the gastric secretions of a 
dog can digest the legs of a frog. But can the gastric secretions 
of a frog digest the legs of a frog?” 

This question led Dragstedt to conduct the following ex- 
periment. A window was created in the stomach, aad tissues 
from the spleen, kidney, and intestine, with their vascular 
supplies intact, were implanted in the window. The resu.t was 
that the tissues resisted digestion! Was Hunter correct: 

Some 10 years later, Dragstedt operated on a young boy for 
a bleeding ulcer, although no preoperative radiclogic evi- 
dence of a peptic ulcer could be found. At the time of the 
procedure, the stomach also showed no evidence of peptic 
ulcer; however, a Meckel’s diverticulum with ectopic gastric 
mucosa was discovered in association with a punched-out 
ulcer of the ileum. Dragstedt asked the question, “How could 
a small amount of gastric mucosa create an ulcer in the ileum 
when spleen, kidney, and ileum implanted in the stomach for 
up to one year resist development of an ulcer?” 

After reflecting on the two observations, Dragstedt real- 
ized that there was a previously unnoticed difference in the 
two experiments. The frog’s legs had been exposed tc pure 
gastric juice while the implanted tissues had been exposed to 
gastric content, a combination of saliva, food, gastric secre- 
tions, refluxed bile, and duodenal secretions. He zonduded 
that gastric content was sufficiently buffered to protect the 
gastric mucosa from autodigestion. Dragstedt realized that 
he had to understand the mechanism of gastric secretion to 
understand which physiologic events initiate gastric secre- 
tion for the digestion of food and which physiologic events 
terminate gastric secretion to avoid the corrosive effects 
producing an ulcer. 

The normal stimulus for secretion of gastric juice is nges- 
tion of a meal. Under normal conditions, the stomach and 
small intestine are rarely exposed to pure gastric Juice for a 
long period. What conditions prevail when pure gastric juice 
accumulates in the stomach for any protracted period? 


WHAT ARE THE ABNORMAL CONDITIONS? 


What factors cause the accumulation of pure gastric juice in 
the stomach? During the fasting state, no food is available to 
buffer the gastric secretions. During sleep, the stomach is 
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the amount o? acid sacreted by patients without peptic ulcer 
disease. He assumed that the vagus nerve might be the 
. conduit by which the effect was produced. In a series of 
. experiments 5n animals, he created a total stomach pouch 
. With the vagus nerves intact. The animals were found to 
. secrete gastr-c juice, maximally when fed, minimally when 
- fasting. He found that as the gastric secretions were col- 
- lected, the dcgs became progressively dehydrated, hypoch- 
: loremie, and alkalotiz. Dividing one vagus nerve had little or 
- noeffect on the volume of acid secretion. A complete transtho- 
racic vagotomy comrletely stopped the secretion of gastric 
" acid. 


IS THERE A NEURCLOGIC RELATIONSHIP TO GASTRIC 
SECRETIONS AND PEPTIC ULCER DISEASE? 


In 1942, Dragstedt was responsible for the care of a patient, 
a lawyer specializing in patent law, who had a duodenal ulcer. 
He had been successfully treated medically until he began 
working on an interrational project to rewrite patent laws. 
During this period of stress, his uleer became symptomatic. 
The patient was hosp:talized and a resident was requested to 
aspirate the stomach contents every 15 minutes to measure 
the amount of secretions. The patient was engaged in a game 
_ of chess with a friend while the stomach contents were col- 
lected. There was s profound increase in the secretion of 
gastric acid when the patient was about to be checkmated. 
This observation supported Dragstedt's observation that 
stress increased gastric acid output. In an attempt to estab- 
lish baseline levels of nighttime gastric acid output, he studied 
many normal individzals. He was surprised to find that medi- 
cal students and prisoners had increased basal gastric acid 
output. 
|... . In another set of experiments, Dragstedt demonstrated 
__ that on the night prior to an operation, patients secreted 
about 50% more acid than on previous nights. Dragstedt 
|. hypothesized that the apprehension and anxiety before the 
operation stimulated central nervous centers responsible for 
hyperseereticn. After vagotomy, acid production was re- 
duced. 



























... Some researchers had hypothesized that the increase in 
. acidoutput prior to the operation was secondary to a cortisone 
.. excess, ie, an “alarm reaction." However, Dragstedt mea- 
sured the corzisone levels after vagotomy and found them to 
be elevated, although the gastric secretions had diminished. 
This observation further confirmed Dragstedt's hypothesis 
that the stimulus for gastric secretion and the subsequent 
development of a peptie uicer had a neural component. 


FOLE CF THE GASTRIC ANTRUM 
IN PEPTIC ULCER DISEASE 


. Dragstedt eontinued to investigate gastric physiology and 
pursued the findings of other investigators in his efforts to 
better define the events surrounding peptic ulcer disease. 
Among them was Rucolph Heidenhain (1834- 1897), professor 
of surgery in Bresiau, Germany, who constructed a stomach 
pouch that drained gastric contents to the outside.’ This 
pouch was denervated (vagus innervation divided), but its 
blood vessels were intact. This pouch did not secrete when the 
animai fasted, but when the animal was fed, the pouch se- 
creted gastric juice. Sham feeding did not cause an increased 
. secretion of gastric azid. This observation was the first evi- 
- dence that food entering the stomach initiated the release of a 
_ substance that stimulated gastric acid secretion. The secreta- 
- gogue had to reach the pouch through the vascular supply. 
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In 1905, J. S. Edkins proposed that the secretions that 
occurred in the Heidenhain pouch were the response to a 
specific hormone, which he named gastrin. He demonstrated 
that this agent was formed in the mucosa of the antrum when 
it comes inscontact with proteases or peptides in the food. 
Edkins" showed that extracts of the antrum of the stomach 
when injected intravenously would make the stomach se- 
crete. However, a German chemist, Popielski, was purported 
to have shown that histamine was the active prineiple in 
Edkins extract, and physiologists of the day discounted Ed- 
kins’ gastrin theory in favor of the Popielski’s explanation.” 
The "Edkins hypothesis” would not be proven for another 40 


years. 

While at the University of Chicago, Dragstedt had one of 
his junior residents, Edward R. Woodward, MD, collect gas- 
trie secretions for 24 hours from a Heidenhain pouch. This was 
repeated caily for 1 month. The antrum was then removed 
and the dog was maintained on the same diet. Gastric secre- 
tions were again collected daily for 1 month. Following 
antrectomy, the secretion of gastric juice was practically 
abolished. Based on these results, Dragstedt was inclined to 
believe that Edkins was correct. 

In the same model, partial antrectomies were performed 
and various amounts of gastric antrum were removed. Gas- 
trie secretions decreased directly proportionally to the 
amount of antrum removed. Next, they created a denervated 
total gastric pouch dividing the vagi and leaving the blood 
supply :ntaet. A cannula was placed in the pouch and gastric 
secretions were collected for 16 days. Food passed from the 
esophagus into the duodenum; no food entered the stomach. 
Very little gastric secretion was collected. 

The antrum was then transplanted either into the duode- 
num or the colon where it would come in contact with food or 
fecal material. To Dragstedt’s astonishment, gastric secre- 
tion increased dramatically in both preparations. Two ques- 
tions were raised: What was the cause of the hypersecretion 
when the antrum was transplanted, and would the hyper- 
secretion due to antrum hyperfunction cause an ulcer? Drag- 
stedt investigated these questions in a series of experiments. 

A Heidenhain pouch was formed from the fundus, and a 
second pouch of the antrum was formed. The acid-secreting 
cells were found in the fundus. No acid-secreting cells were 
located in the antrum. A neutral liver solution was introduced 
into the antrum pouch, which caused an abundant secretion of 
gastric juiee from the fundie pouch. The liver solution was 
then acidifted prior to introduction into the antral pouch and 
no secretions from the fundic pouch were observed. 

A second experiment was performed using the same 
pouches; however, this time the antral pouches were dis- 
tended with a neutral saline solution. This produced an in- 
crease in the output from the fundic pouch. If the saline was 
acidified before instillation, there was no effect on the secre- 


tion from the fundie pouch. Dragstedt concluded indirectly 


that acid incontact with the antrum mucosa inhibits release of 
the hormene responsible for parietal cell stimulation 
(gastrin). 

In another model, Dragstedt created Heidenhain pouches 
and anastomosed them to the duodenum. In some of the 
animais, the antrum was resected. No ulcers formed in these 
animals. However, all animals with an intact antrum devel- 
oped duodenal ulcers. 


CONCLUSIONS FROM EXPERIMENTAL STUDIES 


With this information, Dragstedt formulated the mecha- E E 


nism of gastric acid secretion. In the interval between meals, - 
there was a meager secretion of gastric juice and acid, about _ 
| mmol/h. When the individual was exposed to food, impulses 


were transmitted through the vagus nerve to the stomach, i E 


Peptic Ulcer Disease— Burden & O'Leary _ 




























a id gastric secretion occurred. When the individual swal- 
lowed the food, it came in direct contact with the antrum. The 
stention, coupled with the direct contact, caused gastrin to 
? released. As the gastric juices were secreted, the pH fell. 
it en the pH decreased to 2.5, the amount of gastric juice 
ereted began to decrease. When the pH reached 1.5, gastric 
acid secretion stopped entirely. The basal hypersecretion of 
"tke marked increase in gastrin interfered with this 
cycle and peptic ulcers formed, ^23 

imon Komarov” isolated a histamine-free extract 
ntral mucosa that stimulated gastric acid seeretion. 
iTegory isolated gastrin and later characterized its 
strueture." MeGuigan developed a radioimmune assay in 
1964. Sinee that time, a multitude of studies on gastrin have 
been published. The “Edkins Hypothesis" was proven true. 


VAGOTOMY FOR PEPTIC ULCER DISEASE 





` Between the time of Latarjet’s investigations in 1921 and 

the early 1940s, vagotomy for the treatment of peptic ulcer 

|. disease was abandoned.*” However, both Dragstedt's lab- 

-oratory investigations and his clinical experience led to a 
better understanding of the neural and endocrine control of 
gastric physiology and to renewed interest in therapeutic 
vagotomy in patients with peptic ulcer disease. 

Dragstedt published his first report about his clinical expe- 
rience with truncal vagotomy in 1943. More than a decade 
passed before vagotomy was accepted. Numerous opponents, 
in beth the medical and surgical communities, criticized the 
procedure. Included among them were surgeons from the 

. Mayo Clinic, who observed that their results with vagotomy 
_ were inconsistent, variable, and, in most cases, unpredict- 
^. able.” The American Gastroenterological Association formed 
^ the Naticnal Committee on Peptic Uleer Disease in 1952, 

- which concluded that gastroenterostomy was the operation of 

choice for peptie uleer disease." Other clinieal investigators 
from around the United States, however, reported favorable 
results with vagotomy. Gradually, the disparity among re- 
sults was-overcome and vagotomy became the accepted mo- 
dality in the treatment of patients with peptic ulcer disease. 

In the beginning, Dragstedt performed a transthoracic 
vagotomy without a drainage procedure. About one zhird of 
his patients developed problems with gastric stasis severe 
enough te require a gastroenterostomy as a second proce- 
dure. This led to adding a gastroenterostomy as part of the 
original procedure. Since the abdomen had to be opened, a 
transabdominal vagotomy was investigated and found to be 

equally as good as the thoracic vagotomy. Subsequently, 

 pyloroplasty replaced gastroenterostomy as the drainage 
_ procedure of choice. As the role of the gastric antrum and 
“gastrin became better understood, Edwards proposed 
: antrectonay to augment the vagotomy."^ 


CURRENT SURGERY INVOLVING THE VAGUS 




























"anseatisition has continued in an attempt to further eluci- 
date the role of the vagus in its control of gastric function. It 
became clear that certain fibers controlled acid outpuz, while 
others eontrolled motility and the relaxation of the pylorus. In 
1957, Griffith and Harkins" reported their results from per- 
forming selective vagotomies in 10 dogs. They had deter- 
mined that the branches of the vagus in the body innervated 
the parietal cell mass. The vagal branches, as they approach 
the pylorus, provide motor function in the antrum. When the 

al branches were divided along the lesser curvature of the 
ibove the incisura and the branches to the pylorus 
were allowed to remain intact, the cephalic phase 
eretion was eliminated, and the dogs experienced 
10 gastric stasis. ^^ 


ol 126, February 1991 


A decade would elapse before these findings were applied. 
clinically. In 1967, Holle and Hart performed the first highly 
selective vagotomy. However, they combined the procedure 
with a pyloroplasty. ^"? In 1969, Johnston and Wilkinson 
reported on parietal cell vagotomy without pyloropiasty. ie 
They found it possible to reduce gastric secretions in patients 
with duodenal ulcers without the unpleasant postprendial 
symptoms associated with previous gastric procedures. 

Following its inception and applicaticn, highly selective 
vagotomy has been studied extensively and compared with . 
vagotomy with drainage and vagotomy with an;reetomy. | 
Comparisons have been made in many prospective, random- 
ized elinical trials in regard to mortality, recurrence, and 
postoperative symptoms, including dumping, diarrhea, 
weight loss, and alkaline reflux gastritis. The results have 
shown highly selective vagotomy to have a lower mortality 
(0.8%) than vagotomy with antrectomy (1.6%) and vagctomy 
with drainage (0.6% to 0.8%) when performed in patients 
treated electively for peptic ulcer disease. 

Early results for highly selective vagotomy indicated a 
recurrence rate of 5%. However, subsequent series have 
reported rates between 10% and 25%, The recurrence rate 
after vagotomy with antrectomy is between 1% and 2%."* 
Incomplete vagotomy is the leading cause of ulcer recurrence 
following all types of operations involving vagotomy. The 
increased recurrence following highly selective vagotomy is 
probably largely due to the difference in individual surgeon's 
skill and experience. Johnston and Goligher" have shown that 
the single most important factor in determining the rate of 
incomplete vagotomy is the individual surgeon. The recur- 
rence rate for highly selective vagotomy when performed by 
experienced surgeons is within the 5% to 10% range. 

Clearly, the greatest advantage of highly selective vagoto- 
my over vagotomy with drainage and vagotomy with antrec- 
tomy is the decreased incidence of postoperative sequelae. In 
the majority of studies, highly selective vagotomy has demon- 
strated better overall clinical results than other vagctomy 

procedures performed for peptic ulcer disease. Goligher 
found that partial gastrectomy, vagotomy with drainage, and 
vagotomy with antrectomy resulted in satisfactory results in 
only 70% of cases after 5 to 8 years of follow-up. Highly 
selective vagotomy has yielded good results in 80% to 100% of 
cases, with less dumping, diarrhea, and epigastric fullness. 
Weight loss in patients following truncal vagotomy averages 
2kg, whereas patients gain an average of 3 kg during the first 
year following highly selective vagotomy. Alkaline gastritis 
following highly selective vagotomy has not been a prob- 
lem.^* 


extensive trials and has been shown to provide better overall 
clinical results than vagotomy with drainage or antreczomy. 
Dragstedt was heard to say about highly selective vagotomy, 
“I think there is a rabbit in that hole.” 

Although a knowledge of the vagus nerve and gastric secre- 
tions had been reported in the writings ofthe anciert Greeks, 
our understanding of vagal anatomy and gastric physiology 
remains incomplete. Many famous investigators areresponsi- 
ble for the continuous progress that has been made. Treat- 
ment always lags behind an understanding of the basic physi- 
ology of the disease process. The evolution of therapeutie 
vagotomy and the surgical management of peptic ulcer dis- 
ease have historically followed our understanding of the dis- 
ease process. We have gradually become more and more 
specific in our treatment modalities. 

Dragstedt was responsible not only for our basie under- 
standing of gastric physiology but was clearly the physician 
who explored, developed, and applied this understanding to 
the development of therapy. 
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Highly selective vagotomy has withstood the serutiny of s - 









satarjet A, W jethir er P. Quique resultats de Finnervation gastrique. 
edd 19239: 993-995. —— 
ackson RE. Anatomy of the vagus nerves in the region of the lower 
aus and stomach. Anat Ree. 1949:103:1-18. 

ffith C, H. arkins H. ual iw vagotomy: an experimental study. 














k nda | slakis J. The history and surgical anatemy 
vagus nerve, dp di aL O Obstet. 1986;162: 75-85. 

Holmes FL. Claud e Bernard dud Animal Chemistry. Cambridge, Mass: 
Harvard University Press; ý 



















8 nature of the acid and saline matters usually existing in 
the stomachs of animals. . Philos Trans R Soc Lond. 1824:1:45-49. 
10. Hedemann F, Gmelin L. Die. Verdawung nach Versuchen. Heidelberg, 
Germary: K Grops; 182€. 
-El Eeaumont W. Erzperimeris. and Observations on the Gastric Juice and 
the Physiology. o Digestion. Plattsburgh, NY: FP Allen; 1838. 

Erodie B. 4 ments and observations on the influence of the nerven of 





1814;104:102-10€. 


Gyneco: Obstet. 1990;170:251-272. 
Ik- Modlin I. From. Prout to the proton pump: a history of the science of 
gastric acid secretion and the surgery of peptic ulcer. Surg Gynecol Obstet. 
1990;179:81-94, 
70.135. LandorJE. Lester Reynold Dragstedt: physiologist-surgeon. Gastroen- 
© terologg. 1986; 80846-853. 
(018. Woodward ER. Les:er R. Dragstedt, MD, PhD, 1893-1975: in memor- 
| ium. Gastroenterology. 1996;70:3-4. 
oo AGL. Wangensteen OH, Wangensteen SD. Lester Reynold Dragstedt, 1893. 
:1975. Natl Acad Sei Biog Mem. 1980:51:63-95. 
. A8. Paget S. John Hunter: Man of Science and Surgeon. London, England: 
^T Fisher Unwin: 1897. 
439. Edkins J& On the chemical mechanism of gastric secretion. Proc R Soc 
Lond. 1905;75:38 15. 
20. Popielski L. Die Sekvesticnstaigheit der bauchspeich-eldruse unter dem 

einfluss:von Salzaure and Darmextraxt (des sogennanten Sekretins). Pflugers 








References 


the. eight pair on the seaetions of the stomach. Philos Trans R Soc Lond. 
43. Waisbren S, Modi: L The evolution of therapeutic vagotomy. Surg - 





Arch. 1907;120:451. 

21. Dragsiedt LR. Contributions to the ee of the stomach: gastric 
juice in the duodenum and gastric ulcers. JAMA. 1917:68: 330-333. 

22. Dragstedt LR, Owens FM Jr. Supradiaphragmatic section of the vagus 


. nerve in thetreatment of duodenal uleers. Proe Soc Exp Biol Med. 1943;53: 


132-134. 

23. Dragstedt LR, Fournier HJ, Woodward ER, et al. Transabdominal 
gastric vagotomy: a study of the anatomy and surgery of the vagus nerve at the 
lower portion of the esophagus. Surg Gynecol Obstet. 1947:85:461-466. 


. .24. Dragssedt LR, Oberhelman HH, Smith CA. Experimental hyperfune- |... 
tion of the gaatric antrum with uleer formation. Ann Surg. 1951;134:332-345, 


25. Komarov SA. Gastrin. Proc Soc Exp Biol Med. 1938;38: 514. 


..26. Gregory RA, Tracy HJ. The constitution and properties of two gastrins _ E i 
extracted frem hog antral mucosa, I: the isolation of two gastrins from hog = > 


antral mucosa, Gut. 1964:5:193-117. 

27. Waltman W, Neibling H, Bradley W, et al. Gastric neurectomy. Arch 
Surg. 1983;55:151-154. 

28. Committee on Surgical Procedures. Report of the Committee on Surgi- 
eal Procedures of the National Committee on Peptie Uleer of the American 
Gastroenterelogical Association, Gastroenterology. 1952;22:295-495. 

| 29. Weinberg J, Stempien S, Movius H, Degradi A. Vagotomy and pyloro- 
plasty i inthe treatment of duodenal ulcer. Am J Surg. 1956;92:202-207. 

30. Fgrmer D, Smithwick R. Hemigastrectomy combined with resection of 
the vagus nerves. N Engl J Med. 1952;247:1017-1022. 

31. Helle 7, Hart W. Neve Wege der Chirurgie des Gastroduodenalulcus, 


Med Klin. 1987;62:441-450. 


32. Johnsten D, Wilkinson AR. Highly selective vagotomy without drainage 
procedure in che treatment of duodenal ulcer. Br J Surg. 1970;57:289-296, 

33. Johnsten D. Operative mortality and postoperative morbidity of highly 
selective vagotomy. BMJ. 1975;4:545-541. 

34. Greenill MJ, Kettlewell GW. Highly selective vagotomy: history, devel- 
opment, and current clinical results, Mount Sinai J Med. 1986:53:7. 

35. Sehirmer BD. Current status of proximal gastrie vagotomy. Ann Surg. 
1989:209:1314148. 

36. Johnstim D, Goligher JC. The influence of the individual surgeon and of 
the type of vagotomy upon the insulin test after vagotomy. Gut. 1971;12: 


963-967. 


37. Gcligher JC, Pulvertaft CN, Dombalde FT, et al. Five to eight year 
results of Leeds/York controlled trial of elective surgery for duodenal ulcer. 


‘BMJ. 1968;2:781-781, 


38. Baron JH, Spencer J. Facts and heresies about vagotomy. Surg Clin 
North Am. 1976;56:1297-1312. 







































CLASSIFIED 


Regular Classified 1 Time 3 Times 

or more" 
|. Cost per word $1.70 $1.55 
. Minimum ad: 20 words. per issue 


< Irrorder to san the three-time rate. your ad must be placed 
ard prepaid althe same time for three or more issues 


|. Counting Words: Two initials are considered 
one word, each abbreviation s considered 
. |. one word, and figures consisting of a dollar 
^j. sign and five numerals or less are considered 
-| -one word. Cities and states consisting of two 
words or more are counted as one word: i.e., 
"New York" and "Salt Lake City." Zip code is 
considered one word and must appear in all 
ads. Telephone number with area code is 
considered 5ne word. When box numbers are 
used for replies, the words “Box c/o 
AOS" are te be counted as three words. 


-| Classified Display 


1Time 3 Times 

"| Full page $1,482 $1,245 
| Two-thirds vage 1,220 1,061 
-| One-half page 1,002 871 
s] One-third page 790 688 
- | One-sixth page 365 317 
Column inch 105 90 


-| Minimum display ad: one column inch 


12-time and 24-time rates available on request. 


Display Production Charge: The publication 
will pub-set advertisements upon request. 
The typesetting fee is 10% of the one-time ad 

cost shown above. Special requests will be 
| billed to thesadvertiser and/or agency at the 
then prevailing rates. 


Box Service 


vailable forall ads. The cost is $15.00 for the 
irst issue only. Responses to your ad will be 
onsolidated in our office and promptly 
mailed directly to you. 









. A Send all copy, correspondence, production 
TN materials and payments to: 


00-237-0851 O 813-443-7666 


Ait classified advertising orders, correspondence and 
Florida 34617. Our telephone numbers are: BCO- 
correspondence to the AMA headquarters i» Chicago. This causes needless delay. 


inquiries about "BOX NUMBER" advertisements. All re 





BC/BE GENERAL/THORACIC SURGEON — Cali- 
fornia: We reed a general surgeon who is also 
trained in thoracic surgery and interested in an 
excellent practice doing general and thoracic 
surgery (no apen heart). We offer the opportunity to 
establish your own private practice with no invest- 
ment, guararteed income. Well equipped 112-bed 
full service hospital. A growing area with new busi- 
nesses and stable economy. Our service area popu- 
lation is now 90,000. Located in central California 
near Sequoia National Park, Tulare offers an excel- 
lent family-orented lifestyle with all expected amen- 
ities. Beautiful homes, located close to hospital and 
office, are affordably priced. Good schools, many 
community activities and abundant recreation 
including golf, tennis, skiing, mountain and eques- 
trian activities. Easy access to all California's major 
metropolitan and resort areas. Please contact: 
Tulare District Hospital Physician Recruiting Office, 
P.O. Box 90:12, Los Angeles, CA 90009. (800) 
468-2687. 





WANTED: BE/BC general surgeon with interest and 
experience in non-cardiac thoracic surgery, or 
thoracic surgeon who enjoys general surgery, to 
assume practice of retiring double boarded thora- 
cic/general surgeon. 34 member, multi-specialty 
group in dynamic area hub city of 35,000, with six 
satellite offices in strategic locatiors, and referral 
area of 300,000 plus. Superb hospital facilities, 
including CT, MRI, cardiac surgery, neurosurgery, 
etc. Directed toward those concerned about quality 
family lifestyle and professional concerns. Contact: 
Recruitment Coordinator, Park Clinic, 890 North 
Eisenhower Avenue, Mason City, IA 50401. Or dial: 
(800) 798-4321 tor more information. 


MM marre inta £ NN Niche irritare HIA Wr rr Pa aane Pedersen ere Va agre e a A ag Ma d AR PEST 


ATTENTION PHYSICIAN RECRUITERS. The 
"Classified Advertising" sections now in all nine 
AMA Specialty Journals target the physician you 
want. These highly visible sections put your 
message in the hands of every specialist that quali- 
fies for your professional opportunity, every month. 
To place the ad of your choice, any síze, call toll 
free: (800) 237-9851; or in Florida (B00) 553-8288. 


LOVINGTON, NEW MEXICO: General surgeon 
needed for soo practice under the warm sun of 
Southeastern New Mexico; assistance with Start-up 
costs is available. Excellent practice potential in this 
peaceful, family-oriented community, close to world- 
renowned Carkbad Caverns. Contact: NM Health 





surgery, vascular surgery. BE/BC only. Call: Richard 
Blackburn, (800) 446-5965. CV to: Box 665, Moores- 
ville, NC 28115. 


ALL SURGICAL SPECIALTIES. North Carolina, 
Florida, indiana, nationwide. Dr. Len Goodman, 
5600 Executive Center Drive, $102, Charlotte, NC 
28212. (704) 536-2527. 


TRANSPLANT SURGEON — Private, multi-specialty 
group, active in xidney and pancreatic transplanta- 
tion, and developing liver transplantation program. 
Call: (202) 722-0185, Washington, DC. 





PLEASE NOTE -— Address replies to box number 
ads as follows: Box number, . c/o AOS, 
P.O. Box 1510, Clearwater, FL 34617. 








payments should be directed to: Archives of Surgery. P.O. Bex 1510, Clearwater, 
237-9851, 813-443-7666. Please do not send classified ads, payments or elated 









plies must be in writing and must cite the box number in the ad. Example: 
Box... c/o AOS, P.O. Box 1510, Clearwater. Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mai sent in care of Archives of Surgery. 


GENERAL SURGEON — West of Chicago. *20-bed | 
hospital has a brand new surgical wing. $1209000 net 
income guarantee. All practice overhead pat. Send 
CV or call: Dirk Smith, Jackson and Coker, fic. 115 
Perimeter Center Place, Suite 380 10158, Atlanta. 
GA 30346. Telephone: (B00) 544-1987. 





SPARTA. GEORGIA — Family physicians seeking 
partner to perform primarily F with the ability to 
perform general surgery. Community of 2,600 has 
52-bed hospital. Located one hour from Atlanta, 
Macon, Augusta, and Athens Situated oa Lake 
Oconee. $120,000 salary pius malpractice ard bene- 


fits. Interviewing and relocation expenses paid. | 


Send CV or call: Greg Pilgrim, Jackson and Coker, - 
inc. 115 Perimeter Center Place, Suite 380 10137, | 
Atianta, GA 30346. Telephone: (800) 544-1987, 








GENERAL SURGEON 


Excellent opportunity for the right irdi- 
vidual to join solo general, vascular end 
thoracic surgical practice, 


Candidate should be BE/BC with pcst- 
residency vascular or cardiothoracic 
training or experience. 1991 candidates 
considered. Above average benef ts, 
leading to early partnership. Modern, 220- 
bed hospital with wide referral area. 


Beautiful Ithaca, New York, home. of 
Cornell University has been recertly 
rated "the best small city in the East" 


Send CY to: 
Box #912, c/o AOS 
















BC GENERAL SURGEONS — Two vacaacies: 
Chief of surgical service and general surgeon Nine 
staff member department, major abdomina and 
ambulatory. 187-bed VA medical center in rorthi- 


Lovely community of 35,000 located mid-sta:e on 
the shore of Lake Michigan. Guaranteec first year 
salary and excellent benefit package. Contact or 
send CV to: James Robinson, Administrator, Mani- 
towoc Clinic, 601 Reed Avenue, Manitowoc, WI 


diately in Clarksville, Tennessee. Population 76.000. |. 
216-bed hospital with new surgery wing. Othersur- | 
geons to share call. Salary guarantee, travel and 
moving expense. Call now: :205) 647-0945. 





SOUTHERN MAINE — BE/BC general surgecn to - 


join staff of modern 40-bed community hospitabwith | 


service area of 25,000. Cross-coverage provided by 
local surgeons. Ideal location ciose to skiing, dake 
region, award-winning schools, and Portland. Send 
CV to: Kelly McMahon, Daniei Stern and Associates, | 
Suite 240, 211 North Whitfield Street, Pittsburgh, PA 
15206. (800) 438-2476 or (412) 363-9700. 


TT p te P TH AAPA er Enim tna Sa lA e A PIA ee va t e Rp raa ee INN hau e 


UROLOGISTS —North Carolina, thirty minutes - 
from major city. Generous benefits. Cal! Richard | 
Blackburn: (800) 448-5965. CV to: Box 665, Mocres- | 
ville, NC 28115. 















|| Surgical group serving a small, 
|| rural commur:ty of approxi- 
mately 25,000 is looking for a 
un versity hospital-trained, 
board-certified or board-eligible 
general surgeon. 
| Practice is located next door to 

aprogressive 76-bed acute care 
hospital. Area is year-round 
outdoor resor: with hunting, 
fishing, hiking, snow-skiing, 
water-skiing, and many other 
outdoor recreational activities. 
Located 120 miles southeast of 
Pittsburgh and 200 miles west 
of Baltimore. West Virginia Uni- 
versity Medica: Center is located 
60 miles to the west. 

Contact: 


. C. William Fedde, MD 
Garrett Surgical Group 


Suite f, 311 North 4tn Street 
Oaklanc. MD 21550 
(301) 334-8282 





UROLOGIST — Vacancy exists for a board-certified/ 
boarc-eiigible urologist at this 473-bed medical cen- 
ter with a 120-bed nursing home care unit. We are 
affiiazed with Temple University School of Medi- 
cine, Hahnemann University School of Medicine, 
Episcopal Hospital, Philadelphia, Pennsylvania, and 
have an active surgical residency program. In addi- 
tion to an attractive wage, we offer paid malpractice 
insurance, vacation/sick ieave, health and fife insur- 
ance coverage, and an attractive retirement pack- 
age including: a tax deferred savings plan. Wilkes- 
Barre is located near Focono Mountain resort area 
and is within a 2'2 hour drive of New York City and 
Philadelphia, Pennsylvania. We offer an unprece- 
dented seiection of cultural activities, educational 
institutions ard a greatvariety of affordable residen- 
tial areas. For additional information contact: Juan 
| F. De Rojas, MD, Acting Chief, Surgical Service, 
|. (717) 824-3521, Extension 7560. Ar equal opportu- 
nity employer. VA Medical Center. 1111 East End 
Boulevard, Wilkes-Barre, PA 18711. 


COASTAL SOUTHERN CALIFORNIA: Seeking 
-i full-time general/vascular surgeon to join fast grow- 
.j ing multi-specialty group practice in north San 
-F Diego County. Gererzus compensation package, 
Competitive salary, ma:practice, merical/dentaltife/ 
AD &D/disability. Wonderful living environment. 
j| Please send CV to: Physician Recruitment, The Mis- 

' Sion Park Medical Cunic, 2201 Mission Avenue, 
| Oceanside, CA 92054 or cal: (619) 967-4892. 


| JOIN THE NATION'S LARGEST health care team. 


i 
| 
j 
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|. "| busy. four surgeon practice on Long Island, New 
| York. Must have at leas: one year o! vascular fellow- 
| ship: Excellent financiel benefits and early partner- 
| ship: Send CV to: South Shore Surgical Specialists, 
. 786 Montauk Highway West islip, NY 11795. 





USY, FO ISON SURGICAL practice in cen- 
tral Maine looking for an additional associate. 
Board-certified anc recent graduate preferred. Out- 
standing environment and recreational apportuni- 
ties. Heply: Box 8922, c/o AOS. 






GENERAL SURGEONS for Minnesota com- 
munities: Cambridge, Litchfield and'/Morris. Reply: 
LifeSpan, 800 East 28th Street, Minneapolis, MN 
55407. (612) 863-4193. Ask for Jerry Hess. 








James:Ransom 
16€ N.W. Irving 

Suse 201-B 
P.O. Sox 1221 


Health Care Recruiting Bend. Oregon 
NATIONWIDE 97709 
800-523-1732 


Peta 


Search Firm 503-382-1732 





BC/BE GENERAL SURGEON to pin expanding 
high volume nine-member, multi-sbecislty group. 
Subregional medical campus being developed. 
Excellent opportunity plus attractive financial pack- 
age. Located in east-central Montana along the Yel- 
lowstone River. Big Sky Country, great outdoors 
living. Good schools, a beautiful place to raise a 
family. Send CV tc: Administrator, Garberson Clinic, 
2200 Box Elder, Miles City, MT 59361. 

NEED A DOCTOR? For the most comprehensive 
coverage to specific specialties and select sub- 
specialties, put your recruitment adin as AMA spe- 
ciaity journal. We target your ad to the physician 
you want. To schedule your ad call our" Classified 
Advertising" office: National (800) 237-9551; Florida 
(800) 553-8288. 








PLEASE NOTE — Addressrreplies to box number 
ads as follows: Box number, |... c/o AOS. 


P.O. Box 1510, Clearwater, FL 34617. 


— 
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e General Surgeons * Pediatric Surgeons 
e Orthopedic Surgeons e Neurosurgeons 
e Vascular Surgeons o Head & Neck Surgeons 


Experience the freedom to focus on your outstanding surgical skills rather than 
administrative duties. We previde you the freedom, technology and resources to 
focus on quality patient care, the collaborative support of knowledgeable 
colleagues and the opportunity to:make a significant contribution to your field. 

and benefits package includes: 

e Guaranteed practice and inceme e Paid educational and sabbatical leaves 
e Professional liability insurance » Comprehensive retirement plans. 


Send your curriculum vitae to: iwin P. Goldstein, M.D., Associate Medical 
Director, SCPMG, Dept. 018, Walnut Center, Pasadena, CA 91188-8013. 





Our compensatie 


Or call: (800) 541-7946. 


K 


Medical Group 


Partners Practicing Good Medicine 













Join The g 
Partnership Ea 
of Choice 


Southern California Permanente Medical Group 
(SCPMG) ss recognized as the nation's largest and most respected physician- 
managed, muiti-specialty medica’ group. Our continued growth has created new 
practice opportunities throughout Southern California for: 


Southern Cakforr:a Permanente 





Rural 
Mountain Resort 
Practice 


BC/BE general surgeons to join 
two general surgeons practicing 
in rural Arizona resort communi- 
ty. Beautiful White Mountains 
offer four season recreational 
opportunities. 


Practice includes broad spectrum 
of general surgery including criti- 
cal care, trauma care and surgical 
endoscopy. 


Please send CV to: 


William J. Waldo, MD, FACS 


White Mountain 
Surgical Specialists 


2650 East Show Low Lake Road 
Suite 2 
Show Low, AZ 85901 
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South Hordo 


A font 

; Bluefi elc, WV 
Neutosurgeons 

| Montgomery, AL 
" Muscle Shoals, AL 
Dodge Cily, KS 
Layton, 8T 


| Greenbrier Valley, WV 


| - Otelaryngologists 

Alabama 

Denver ZO 
"Jacksonville, FL 

Kissimmee, FL 

- South Flerida 
Somerset. KY 
Louisiana 
Natchez: MS 
Layton, UT 


Phoenix, AZ 
Huntington 

Beach, CÀ 
Central Florida 
South Florida 
Atlanta, GA (area) _ 
Dodge City, KS 
Louisiana 
Chattanooga, TN 
Morristown, TN 
Beaumont, TX 
Richlands, VÀ 
Bluefield, WV 


Urologists 

Denver, CO 
Augusta, GA 
Kansas City, MO 
Natchez, MS 
Abilene, TX 
College Station, TX 


Call TOLL-FREE 1-800-626-1590, or send your 

curriculum vitae to: Manager, Professional 

Relations, Humana Inc, Dept. OO-O2, 500 
West Monn Street, Louisville, KY 40204-1438. 


| FELLOWSHIP 
University of Maryland 


‘ki Available July 1, 1991. Candidates 
] must be board-eligible/-certified i in 


| Beneral surgery. 


I- Fellowship training will include 

diagnostic and therapeutic upper 

endoscopy; percutaneous gastrost- 
nostic and interventional 
y ri and 


Research opportunities will also be 
enint in pi AENIOSORON, 
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‘Laboratory Research 


Fellowship 
Head and Neck Onc 
July 1, 1994 — June 30, 1992 


" i 


Laboratory training in area of resident's intersst 
including biochemistry, genetics, immunology, 
or molecular biology. 


Qualifications: MD, resident in training with inter- 
est in pursuing career in head and neck surgery/ 
oncology. 


Stipend: $38,000 


Address correspondence to: 
Stimson P. Schantz, MD, c/o Mr. Paul S. Nicholson, 
Head & Neck Surgery. 


MEMORIAL SLOAN-KETTERING CANCER CENTER || 


4275 York Avenue 
New York, New York 10021 


Minority Mepica RrsrARCH FELLOWSHIPS || 


The Minority Medica! Faculty Development Program, sponsored by ql 


the Robert Wood Johnson Foundation, has up to eight new positicns | | 


available beginning in 1992. The program offers postdoctoral research | | 
fellowships to physicians from under-represented minority croups | | 
as defined by the Association of American Medical Colleges. These |. 
individuals must have demonstrated superior academic and clinical | | 


skills and have committed themselves to careers in academic. medi- | | 


cine and biomedical research. The fellowship supports four comsecu- | 
tive years of research. Each Fellow selected will receive an annual | 
stipend of up to $50,000 and a $25,000 annual grant toward supoortof || 
research activities. i 


In adcition to the above eligibility requirements, applicants must be T : 
U.S. citizens and must have completed their formal clinical training 11 
by the projected time of entry into the program. 


Applications for appointment in 1992 must be submitted by April 30, 


1991. interviews with selected applicants will be carried out r July 
1991, and successful candidates will be notified in December 19€1. 


For further information and application materials, contact: 
Harold Amos, PhD, Program Director 
or 
Charlotte Litt, PhD, Deputy Director 


Robert Wood Johnson Foundation 
Minority Medical Faculty Development Program 


- HARVARD MEDICAL SCHOOL 


|t . x o. Box 4460 Brookline, MA 02147 Q a eee nene (617) 732-1947 a7 | 
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ter, St. Luke Medical Center P.A., 7 Page Hill Road, 
Berlin, NH 03570. Telephone: (603) 752-7750. 






s ASSISTANT PROFESSOR of Surgery. Division of 








| Deparment of Surgery at the University of Illinois 
|. College of Mecicine at Chicago is seeking applica- 
. Bons for an additiona! vascular surgeon to learn the 
| techniques amd methodology of endovascular 
|. Surgery and tc begin a program in endovascalar 
"Surgery at the University of !llinois and affiliated 
| hospitals. This individua! should be board-certitied 
“Jin general surgery and possess or be eligible forthe 
vo] €ertificateof Added Qualifications ingeneral vascu- 
: Jar. surgery. The appointment is available at Assist- 
ant Professor cevel in the Department of Surgery 
with à beginning date in early 1991. Application 
deadline is Mah 1, 1991. Please send inquiries and 
CV to: James 4. Schuler, MD. University of Hiinois 
Hospital (m/c 357), 1740 West Taylor, Suite 2200, 
Chicago, IL 60812. The University of Hilinois Coliege 
ef Medicine a Chicagc is an affirmative action, 
equal employment opoortunity employer. 


SURGICAL CRITICAL CARE RESIDENCY — 
ACGME approved, one year residency at North 








Reply: Box #923, c/o AOS. 


Avail 





i Monterey Carmel area, 


2.4 0/0 AGS, 






- Vascular Surcery, Endovascular Surgery. The | 






Shore University Hospital-Cornell University Medi- 
75] eal College. Centact: Dan S. Reiner, MD, Program - 

|| Director, Depatment ot Surgery, North Shore Uni- 
| versity Hospita-Cornell University Medical College, 
3300 Community Drive. Manhasset, NY 11030. (516). - 
562-4864. An equal opportunity employer. M/F/H/V.. | 






OLON AND RECTAL SURGEON, BC, CRS and _ 
wants to re ocate to maior northeast or midwest j 
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in thriving commu- 
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The Physic ant ! 





lan You Want! 
The Archives of Surgery's classified recruitment advertising section is seen by 
precisely the physician you need — general surgeons, plus several thousand cardio- 
vascular, plastic and thoracic, and other subspecialty surgeons. A total targeted 
physician audience of almost 40,000. 


Find the physician you need now. Send us your advertising order today. Just 
complete the coupon below. The next available issue is April which closes Monday, 
February 25th. 


The classified rate is $1.70 per word for one issue. For three issues or more, the rate is 
$1.55 per word per issue. Minimum classified ad is 20 words. 


insert my ad 





a times, beginning with the e 11 issue. 


Place my ad under the heading 


Adan M VP HT e V rrr rrr AUT gat A aai VP Pe PN NIA Aa RAVENNA ret bbl etre iiem P 


Enclosed is my check for $ 1... 0 00 0 to cover full payment 
of my advertising schedule. 


institution 
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Address . .... 


City i SHALE 


Telephone Number 
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Send all copy and payments to: 





Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 
National (800) 237-9851 O Local (813) 443-7666 










due to indicated organisms 





For intravenous or intramuscular Use 


INDICATIONS AND USAGE 
TREATMENT. CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 
l infections caused by F coli, Klebsislia species (including K pneumoniae), Prozeus 
o mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
-< eltgeri, and Morganella rid bl 
o iawer tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpericillinase-producing strains), Haemophiles influenzae 
< (including ampicillin-resistant strains), fella species (including K pneumoniae), and E coli. —— 
and skin structure infections caused by Sta aureus ipenicillinase- and ncnpenicil- 
-< pase-producing strains), Staphylococcus epiderraidis, Streptococcus pyogenes and Streptococcus 
::; Species (excluding enterococci), and E coli. 
| infections caused by Staphylococcu: aureus” (including penicillinase- and nanpenicil- 
ins), us epidermidis, species (excluding entero- 
, Proteus mirabilis, Neisseria Bacteroides species (excluding B dstasoris, 
cron), Fusobacterium spacias," and gram-positive anaerobic cocci (including 
| Peptostreptococcus y eeu 
intra-abdominal infections caused by £ coli, Kleosiella species (including K pneumoniae’), Strepto- 
poon opan {excluding enterococci}, and Bacteroides species (excluding 8 distasonis, 8 ovatus, 


Bone and infections caused by Staphylococeus aureus." 
“Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identity 
Causative organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. 

in cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CZFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro M reni many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends or the severity 
oO} the infection and the patient's condition. 

_ NOTE: IF CEFÜTAN and an aminoglycoside are used concomitantly, renal function should be caretuily 
. monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
ape because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
tg date, nephrotoxicity has not been nated when CE 





Although, FOTAN was given alone, it is possible that 
: Rephrotodcity may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
SU PRU Mis. (he preoperative administration cf CEFOTAN may reduce the incidence of certair 
postoperative infections in patients undergoing surgical procedures that are classified as clean con- 
; nated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- 
urethral surgery. biliary tract surgery, and gastrointestinal ay 
The prophylactic dose of CE should be administered 30 to 60 minutes prior to surgery. 1n pa- 
tients unde dong cesarean section, CEFÜTAN should be administered intravenously after the clamping 
of the umbilical cord. 
if there are signs and symptoms of infection, specimens for culture should be obtained ^or identifica- 
tion of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 


AH contraindicated in patients with known allergy to the cephalosporin group of atibiotics. 
























Before therapy with CEFOTAN is Instituted, careful inquiry should be made to determine whether the 
patlant a cabo hee ande disodium, ce ns, 
pure drugs. product should be given cautiously to penicillin-sensitive patients. 
f Amea ea bey stacey npg sl saian aha pedes iare i TN 
allergy, particularly an allergic reaction occurs, discontinue 

i enact coiis kas heda reported uiii reply nae Oe Saa e 


- Weatment with broad-spectrum antibiotics may:alter normal flora of the colon and may permit over- 
- growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
 antibiotic-associated colitis. Cholestyramine and cclestipol resins have been shown to bind tha toxin in vitro. 
:::: Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
3B sie ud with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
: eved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
c- ated pseudomembranous colitis produced by C difficile. Other causes should also 5e considered. 


GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may resu't in ovar- 
‘owth of nonsusceptible organisms, Careful observation of the patient is essential. If superinfection 

‘does occur during therapy, appropriate measures should be taken. 

in common with many other broad-spectrum antibiotics, CEFOTAN be associated with a fall in 

‘prothrombin activity. Those at risk include patients with renal or hepatic impairment or poer nutri- 

tional state, the elderly and patients with cancer. Prothrombin times should be monitored in patients at 

Tisk and exogenous vitamin K administered as indicated. 





CEFOTAN shouid be used with caution in individuals with a history of gastrointestinal disease, par- 
INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 

acterized by flushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
is ingested within 72 hours after CEFOTAN administration, Patients should be cautioned about the 
ngestion of alcoholic beverages following the administration of CEFÜTAN. 








TIONS: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
jle that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 


R TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
HINGS soiution. 

halosporins, high concentrations of cefotetan may interfere with measurement of 
atinine levels by Jaffe reaction and produce false increases in the levels of 


IMPAIRMENT OF FERTILITY: Although long-term studies in 


pertormed to eval Mie comet potential, no mutagenic potential of 









e effects on the testes of prepubertal rats. Subcutaneous administration of 
8-16 times the usual adult human dose) on days 6-35 of life ‘thought to be 











cefotetan disodium} 


In intra-abdominal and gynecologic infection 





IM/IV 





CEFOTAN* (cefotetan disodium) 


developmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. incidence and severity of iesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) oriy 1 of 10 treated 
animals was affecied, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methylthiotetrazole- 
containing antibiotics and impaired fertility has been reported, particularly:at high dosedevels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day S2 for S.weeks, or 
in infant We (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. relevance of these 
findings tc humars is unknown. 

USAGE IN PREGNANCY: m Category B: Reproduction studies have been performed ir rats 
and monkeys at dases up to 20 times the human dose and have revealed no evidence of impaired tertii- 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-conwolled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human resoonse, 
this drug should te used during pregnancy only if clearly needed. 
USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very ‘ow concestrations. Cau- 
tion should be exercised when cefotetan is administered to a nursing woman. 
PEDIATRIC USE: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 
in clinical studies, the following adverse effects were considered related to. CEFOTAN therapy. 
Seppe ‘dei occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700). 
Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinephilia 1 in 200), 
ositive direct Coembs test (1 in 250), and thrombocytosis (1 in 300). 
€ enzyme eievations occurred in 1.296 of patients and included a rise in SGPT {1 in 1505, SGOT 

(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

oe reactions were reported in 1.2% of patients and included rash (1 in 153) and itching 

n 


Hy 

1 : 
loca effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). During postmarketing experience with CEFOTAN, anaptndactic 
reactions and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATION 
TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravercusly cr intra- 
muscularly every :2 hours for 5 to 10 days. Proper dosage and route of adininistration should de deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the cawsative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Wee ot infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV cr IM 

1 or 2 g every 12 hours IV cr IM 
Other Sites 2-4 grams 10r 2 g every 12 hours IV cr IM 
Severe 4 grams 2 g every 12 hours iV 
Life-Threatening 6* grams 3 g every 12 hours IV 


"Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: Té prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered gear repere 
30 to 60 minutes arior to surgery. in patients undergoing cesarean section, the dose should he admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The foliowing dosage guidelines may be used. 





DOSAGE GUIDELINES FOR PATIENTS 
Crestinine Ci å WITH IMPAIRED RENAL FUNCTION 
Dose 
> 30 Usual Recommended Dosage" Every 12 houts 
10-30 Usual Recommended Dosage" Every 24 hours 
«10 Usual Recommended Dosage* Every 48 hours 
*Dose determinec by the type and severity of infection, and susceptibility of the causative organism. 


Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose tor patients with a creatinine clearance of 10-30 mL/min, and — — 
one-quarter the usual recommended dose for patients with a creatinine clearance of lesstthan 18 midit: 

When only serum creatinine levels are available, creatinine clearance may be calculated frore the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - ace) 
72 x serum creatinine (mg/100 mL} 








Males: 


Femaies: 09 x value for males 

Cefotetan is diaiyzable and it is recommended that for patients undergoing intermittent hemadialy- 
sis, one-quarter o! the usual recommended dose be given every 24 hours on days between dialysis 
TE id usual recommended dose on the day of dialysis. 


CEFOTAN is a dry, white to pale yellow powder supplied in vials containing ce‘otetan disadium. squiv- — 

alent to 1g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 3 doseis 

available in 10 mL:and 100 mL vials, and the 2 g dose is available in 20 mL.and 100 mL vials. ZEFOTAN - 

is also available ima mue bulk package of 10 g in 100 mi. vials. The viais should nat be stored af. 
[t . 






temperatures above 22°C and should be protected from light. l s E 
hg in 1C mL viai (NDC pe al 2 g in 20 mL via m 0038-0977720; 1 gin W00 mL vial — — - 
(NDC 0036-0376-83); 2 g in 100 mL vial (NDC 0038-0377-21); 10 g in 100 mi vial (NDC 2038-0375-10). 
Manufactured for 
STUART PHARMACEUTICALS 


A business unit of ICI Americas Inc. 


Wilmington, Delaware 19897 USA Rev. | 11/88 





Cefotan 
arithmetic. .. 


more cost-effective 
than cefoxitin”? 





less frequent dosing 
than cefoxitin” 





several times the half-life : 
of cefoxitin’ 





single-dose prophylaxis/ 
twice-daily treatment ES 


ix + 


Count on 


CEFOTAN... 


(cefotetan disodium) 


In intra-abdominal and gynecologic infection 
due to indicated organisms 





References: 1. Nightingale CH, Smith KS, Quintiliani R, et al: The conversion of cefoxitin usage 
to cefotetan: An interdisciplinary approach. Am / Surg 1988,155(5A):101-102. 2. Sochalski A. 
Sullman S, Andriole VT: Cost-effectiveness study of cefotetan versus cefoxitin and cefotetan 
versus combination antibiotic regimens. Am J Surg 1988;155(5A):96-101. 3. CEFOTAN® 
(cefotetan«disodium) full prescribing information issued March 1986. 4. Physicians’ Desk Es 
Reference, ed 43. Oradell, NJ. Medical Economics Co, 1989. Mefoxin® (cefoxitin sodium, MSD), 
pp 1355-1357. 5. Carver M, Quentiliari R, Nightingale CH: Comparative pharmacokinetic 
study of cefotetan and cefoxitin in healthy volunteers. Infect Surg, April 1986 (suppl), 

. pp 11-14. 6. Quintiliani R, Nightingale CH, Stevens RC, et al: Comparative pharmacokinetics 
of cefotetan and cefoxitin in patents undergoing hysterectomies and colorectal operations. 
Am J Surg 1988;155/5A):67-70 


Please see adjacent page for brief summary of prescribing information. © 1989 ICI Americas Inc. 
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Once for prophylaxis. 
Once daily for cure. 


The prophylactic dose of ROCEPHIN is also the daily therapeutic 
dose. ROCEPHIN, 1 gm given once prior to surgery,” provides | 
effective prophylaxis against infection and is on board throughout 
the perioperative period— even if surgery is delayed or prolonged. 


And ROCEPHIN, 1 gm given once a day, is the therapeutic dosage 
for the following common postsurgical infections: respiratory 
tract or skin/skin structure infections due to Staphylococcus aureus, 
Klebsiella oneumoniae and Proteus mirabilis; urinary tract infections 
due to Escherichia coli, K. pneumoniae and P mirabilis. 


Efficecy, economy and ease. ROCEPHIN: 1 gm once for prophylaxis, 
once daily for cure. 


Once-a-day 


Rocephnmn.. 
ceftriaxone sodium/Roche 


As with any cephalosporin, there exists the possibility of hypersensitivity reactions, 
especially in individuals with a history of sensitivity. 


© 1989 by Hoffrrann-La Roche Inc. * Please see adjacent page for summary of product information. 
Ill rignts reservec. 


serious risk (e.g., coronary artery bypass 
graft [CABG] surgery). 
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ROCEPHIN® (ceftriaxone sodium/Roche) 


Before prescribing, please consult complete preduct information, a summary of which follows: 
INDICATIONS AND USAGE: Rocephin is indiceted for the treatment of the following in'ectiors when 
caused by susceptible organisms: 

LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Streptococcus spe- 
cies (excluding enterococci), Staph. aureus H. influenzae, H. parainfluenzae, Klebsiella species 
(including K. pneumoniae), E. coli, E. aerogenes, Proteus mirabilis and Serratia marcescens. 


SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph. epidermidis. Strep- 
tococcus species (excluding enterococci), E. cloacae, Klebsiella species (including K. pneumo- 
niae), Proteus mirabilis and Pseudomonas &eruginosa. 


URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E. coli. Proteus mir- 
abilis, Proteus vulgaris, M. morganii and Klebsiella species (including K. pneumoniae). 


UNCOMPLICATED GONORRHEA (cervical'urethral and rectal) caused by Neisseria gonor- 
rhoeas, including both penicillinase and nor penicillinase producing strains. 


PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 

BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae, E. coli, H. irfluenzae and 
K. pneumoniae. 

BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, S'reptococcus 
species (excluding enterococci). E. coli, P. mirabilis, K. pneumoniae and Enterobacier species. 


INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 


MENINGITIS caused by H. influenzae, N. meningitidis and Strep. pneumoniae. Ceftriaxone has 
also been used successfully in a limited number of cases of meningitis and shunt infections 
caused by Staph. epidermidis and E. coli. 


SURGICAL PROPHYLAXIS: Preoperative administration of a single 1 gm dose may reduce inci- 
dence of postoperative infections in patients undergoing surgical procedures classified &s con- 
taminated or potentially contaminated (e.g., vaginal or abdominal hysterectomy) an4 in those for 
whom infection at the operative site presents serious risk (e.g.. during coronary artery bypass 
surgery). 

Although ceftriaxone has been shown to have been as effective as 
cefazolin in the prevention of infection following coronary artery by- 
pass surgery, no placebo-controlled trials have been conducted to 
evaluate any cephalosporin antibiotic in the prevention of infection 
following coronary artery bypass surgery. When administered be- 
fore indicated surgical procedures, a single 1 gm dose provides 
protection from most infections due to susceptible organisms for 
duration of procedure. 


SUSCEPTIBILITY TESTING: Before instituting treatment with 
Rocepnin, appropriate specimens should be obtained for isolation 
of the causative organism and for determination of its susceptibil- 
ity to the drug. Therapy may be instituted prior to obtaining results 
of susceptibility testing. 

CONTRAINDICATIONS: Rocephin is contraindicated in patients with 
known allergy to the cephalosporin class of antibiotics. 
WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED. 
CAREFUL INQUIRY SHOULD BE MADE TO CETERMINE WHETH- 
ER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY RE- 
ACTIONS TO CEPHALOSPORINS, PENICILLINS OR OTHER 
DRUGS. THIS'PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO 
DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY 
REQUIRE THE USE OF SUBCUTANEOUS EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis, reported with nearly all antibacterial agents, including ceftriaxone, may 
range in severity from mild to life-threatening. Therefore, consider this diagnosis in patients who present 
with diarrhea subsequent to administration of antibacterial agents. 

Treatment with antibacterial agents alters normal flora of the colon and may permit overgrowth 
of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
"antibiotic-asseciated colitis." 

After establishing diagnosis of pseudomemoranous colitis, initiate therapeutic measures. Mild 
cases of pseudomembranous colitis usually respond to drug discontinuation alone. In moderate to 
severe cases, consider management with fluids and electrolytes, protein supplementaticn and 
treatment with an oral antibacterial drug effective against C. difficile. 


PRECAUTIONS: GENERAL: Although transient elevations of BUN and serum creatinine have been 
observed, at the recommended dosages, the nephrotoxic potential of Rocephin is similar to zhat of 
other cephalosporins. 

Ceftriaxone is excreted via both biliary and renal excretion (see Clinical Pharmacology). Therefore, 
patients with renal failure normally require no adjustment in dosage when usual doses of Rocephin 
are administered, but concentrations of drug 'n the serum should be monitored periodically. If evi- 
dence of accumulation exists, dosage should be decreased accordingly. 

Dosage adjustments should not be necessary in patients with hepatic dysfunction; however, in pa- 
tients with nepatic dysfunction and significant renal disease, Rocephin dosage should not ex- 
ceed 2 gm daily without close monitoring of serum concentrations. 


Alterations in prothrombin times have occurred rarely in patients treated with Rocep^in. Patients 


impaired vitamin K synthesis or low vitamin K stores (e.g.. chronic hepatic disease and mal- 
nutrition) may require monitoring of prothrombin time during Rocephin treatment. Vitamin K ad- 
ministration (1Œmg weekly) may be necessary if the prothrombin time is prolonged before or during 
therapy. 

Prolonged use of Rocephin may result in overgrowth of nonsusceptible organisms. Cereful obser- 
vation of the patient is essential. If superinfection occurs during therapy, appropriate measures 
should be taker. 

Rocephin should be prescribed with caution in individuals with a history of gastrointestinal dis- 


- ease, especially colitis. 


Rare cases reported of sonographic abnorma ities seen in the gallbladder, patients may alsc have 
symptoms of gallbladder disease. These abnormalities, variously described as sludge, precipita- 
tions, echoes with shadows, may be misinterpreted as concretions. Chemical nature of sonograph- 
ically-detected material not determined. Condition appears to be transient and reversible upon 
discontinuation of Rocephin and conservative management. Therefore, discontinue Rocephin if 
signs and symptoms suggestive of gallbladder disease and/or the sonographic findings described 
above cevelop 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: Consicering 
the maximum duration of treatment and the c ass of the compound, carcinogenicity studies with 
ceftriaxone in animals have not been performec. The maximum duration of animal toxicity studies 
was six months. 

is: Genetic toxicology tests included the Ames test, a micronucleus test and a test for 
chromosomal aberrations in human lymphocytes cultured in vitro with ceftriaxone. Ceftriaxone 
showed no potential for mutagenic activity in these studies. 
Impairment of Fertility: Ceftriaxone produced no impairment of fertility when given intrevenously to 
rats at daily doses up to 586 mg/kg/day, approximately 20 times the recommended cinica! dose 
of 2 gmiday. 
PREGNANCY: Teratogenic Effects: Pregnancy Category B. Reproductive studies have beer per- 
formed in mice and rats at doses up to 20 times the usual human dose and have no evidence of 
embryotoxicity, tetotoxicity or teratogenicity. In primates, no embryotoxicity or teratogenicity was 
demonstrated at a dose approximately three times the human dose. 


P», There are. however, no adequate and well-controlled studies in pregnant women. Beceuse animal 


studies are not always predictive of human response, this drug should be usea dur- 


ing pregnancy only if clearly needed. . 


- 


Once-a-day 





ceftriaxone sodium/Roche 





ROCEPHIN® (ceftriaxone sodium/Roche) 


Nonteratogenic Effects: In rats, in the Segment | (fertility and general reproduction) and Segment III 

(perinatal and postnatal) studies with intravenously administered ceftriaxone no adverse effects were 

noted on various reproductive parameters during gestation and lactation, including postnatal growth, 

functional behavior and reproductive ability of tne offspring, at doses of 586 mg/kg/day or less 

NURSING MOTHERS: Low concentrations of ceftriaxone are excreted in human milk. Caution 

should be exercised when Rocephin is admin stered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness of Focephin in neonates, infants and children have been 

established for the dosages described in the Dosage and Administration section. In vitro studies 

have shown ceftriaxone, like some other cepralosporins, can displace bilirubin from serum albu- 

min. Rocephin should not be administered to hyperbilirubinemic neonates, especially prerratures. 

ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical trials, the following &iverse 

reactions, which were considered to be related to Rocephin therapy or of uncertain etiology, were 

observed: 

LOCAL REACTIONS — pain, induration or tenderness at the site of injection (196). Less frequently 

reported (ess than 1%) was phlebitis after I. V. administration. 

HYPERSENSITIVITY—rash (1.7%). Less frequently reported (less than 1%) were pruritus, fever 

or chills. 

HEMATOLOG!C —eosinophilia (6%), thrombozytosis (5.1%) and leukopenia (2.1%). Less frequent- 

ly reported (less than 196) were anemia, neutrcpenia, lymphopenia, thrombocytopenia and orolon- 

gation of the prothrombin time. 

GASTROINTESTINAL —diarrhea (2.7%). Less frequently reported (less than 1%) were nausea or 

vomiting, and dysgeusia. Onset of pseudomembranous colitis symptoms may occur during ər after 

antibiotic treatment (see WARNINGS). 

HEPATIC—elevations of SGOT (31%) or SGFT (3.3%). Less frequently reported (less than 196) 

were elevations of alkaline phosphatase and bilirubin. 

RENAL—elevations of the BUN (1.2%). Less frequently reported (less than 1%) were elevalions of 

creatinine and the presence of casts in the urine. 

CENTRAL NERVOUS SYSTEM—headache or dizziness were re- 

ported occasionally (less than 196). 

GENITOURINARY —moniliasis or vaginitis were reportedocca- 

sionally (less than 196). 

MISCELLANEOUS —diaphoresis and flushing were reported oc- 

casionally (less than 196). 

Other rarely observed adverse reactions (ess than 0196) include 

leukocytosis, lymphocytosis, monocytosis, basophilia, a decrease 

in the prothrombin time, jaundice, gallbladder sludge, glycesuria, 

hematuria, anephylaxis, bronchospasm, serum sickness, aodom- 

inal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis. 

DOSAGE AND ADMINISTRATION: Rocephin may be administered in- 

travenously or intramuscularly. The usual adult daily dose s 1 to 

2 gm given onze a day (or in equally divided doses twice 3 day) 

depending on zhe type and severity of the infection. The tote! daily 

dose should not exceed 4 grams. 

For the treatment of serious miscellaneous infections in childrer , other 

than meningitis, the recommended total daily dose is 50 to 75 ng/kg 

(not to exceed 2 grams), given in divided doses every 12 hours. 

Generally, Rocephin therapy should be continued for at least two 

days after the signs and symptoms of infection have disappeared. 

The usual duration is 4 to 14 days; in complicated infections onger 

therapy may be required. 

In the treatment of meningitis, a daily dose cf 100 mg/kg (nor to ex- 

ceed 4 grams), given in divided doses every 12 hours, should be 

administered with or without a loading dose of 75 mg/kg. 

For the treetment of uncomplicated gonococcal infections, a single intramuscular dose of 240 mg 

is recommended. 

For preoperative use (surgical prophylaxis), a single dose of 1 gm administered 1/2 to 2 hours be- 

fore surgery is recommended. 

When treat ng infections caused by Streptococcus pyogenes, therapy should be continuec for at 

least ten days. 

No dosage adjustment is necessary for patients with impairment of renal or hepatic function how- 

ever, blood levels should be monitored in patients with severe renal impairment (e.g.. dialysis pa- 

tients) and in patients with both renal and hepatic dysfunctions. 

HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as a sterile crystalline powder in 

glass vials and piggyback bottles. The following packages are available: 

Vials conta ning 250 mg, 500 mg, 1 gm or 2 gm equivalent of ceftriaxone; piggyback bottle: con- 

taining 1 gm or 2 gm equivalent of ceftriaxone; 2ulk pharmacy containers containing 10 gm equiv- 

alent of ceftriaxone (NOT FOR DIRECT ADMINISTRATION). 

Also supplied as a sterile crystalline powder as follows: 

ADD-Vantage Vials** containing 1 gm or 2 gm equivalent of ceftriaxone. 

Also supplied premixed as a frozen iso-osmotic, sterile, nonpyrogenic solution of ceftriaxome SO- 

dium in 50 mL single dose plastic containers, * as follows: 

1 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.9 gm dextrose hydrous USP 

added. 

2 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.2 gm dextrose hydrous USP 

added. 

NOTE: Rocephin in the frozen state should not be stored above -20°C 

*Registerec trademark of Abbott Laboratories, nc. 

tManufactured for Roche Laboratories, a division of Hoffmann-La Roche Inc., by Travenol .abo- 
ratories, Inc., Deerfield, Illinois 60015. Pi. 0090 
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340 Kingsland Street 
Natley, New Jersey 07110-1199 
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The PROXIMATE* ILS TERR Stapler with Detachable Head 


en FIHICQON 
*When compared with other intraluminal staplers of 


comparable head size. Data on file, ETHICON, inc. 


© ETHICON, inc. 1990 MSTADIS a fohmonsfchmon company 
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acetaminophen 500 mg * 
(hydrocodone bitartrate 7 5mg [Warning: Moy be habit forming] 
and ocetaminophen 750 mg) 


INDICATIONS AND USAGE: For the relief of moderate to moderately 

severe pain. 

CONTRAINDICATIONS: Hypersensitivity to acetaminophen or 

hydrocodone. 

WARNINGS: 

Mlergic-Type Reactions: VICODIN/VICODIN ES Tablets contain sodium 

metabisulfite, a sulfite that may cause allergic-type reactions including 

Pise agi symptoms and life-threatening or less severe asthmatic 

episodes in certain susceptible people. 

Respiratory Depression: At high doses or in sensitive patients, 

hydrocodone may produce dose-related respiratory depression. 

Head injury and Increased Intracranial Pressure: The respiratory 
ressant effects of narcotics and their capacity to elevate cerebrospi- 

nal fluid pressure may be markedly exaggerated in the presence of head 

injury, other intracranial lesions or a preexisting increase in intracranial 


hur" pressure. Furthermore, narcotics produce adverse reactions which may 
obscure the clinical course of patients with head injuries. 
Acute Abdominal Conditions: The administration of nareotics may 
5 obscure the diagnosis or clinical course of patients with acute abdominal 


conditions 





PRECAUTIONS: 
Special Risk Patients: VICODIN/VICODIN ES Tablets should be used 


al 
with caution in elderly or debilitated patients and those with severe 
impairment of hepatic or renal function, hypothyroidism, Addison's dis- 
x ease, prostatic hypertrophy or urethral stricture. 
Cough Reflex: Hydrocodone suppresses the cough reflex; as with all 


narcotics, caution should be exercised when VICODIN/VICODIN ES Tab- 

lets are used postoperatively and in patients with pulmonary disease. 
Interactions: Patients receiving other narcotic analgesics, ries 4 

chotics, antianxiety agents, or other CNS depressants (including al ) 


concomitantly with VICODIN/VICODIN ES Tablets may exhibit an additive 
Collective action by independently practicing CNS ne The use of MAO inhibitors or tricyclic antidepressants 
physicians can violate U.S. antitrust laws, and with hydrocodone preparations may increase the effect of either ie 


eiua d or hydrocodone. The — use of anticholinergics 
n r 1 
physicians must proceed very cautiously. Usage n Pregnancy: icons 

Teratogenic Effects: Pregnancy Category C. Hydrocodone has been 

shown to be teratogenic in hamsters when given in doses 700 times the 

Case in int: human dese. There are no adequate and well-controlled studies in 

po : pregnant women. VICODIN/ VICODIN ES Tablets should be used during 

pregnancy only if the potential benefit justifies the potential risk to the 





Have you ever discussed your fees with ois DAIAN effects: Babies born to mothers who have been tak- 
another physician? Or shared your feelings Deae e cpi prior to tope b. qid rci 
about an HMO or PPO plan with other MDs wring omini SFC ONE "M 
in town? Unless the doctors you talked to regained Sur blr delwery may lt some degree of espa 
were your partners, you may have violated ed toe wacker te duy lh rond M 
US. antitrust laws and could face criminal fen dhe Bm Um URN sai lis 
prosecution. If found guilty of price fixing or Cee era ns deci uote CURAR RR 
gr oup boycott, you could be fined, sentenced Pediatric | Un Soe, pl. cni in children have not been 
and stripped of your license. EOT REACTIONS: 


The most frequently observed adverse reactions include light-headedness, 

dizziness, e" npon e epit us effects — be seh 

, . prominent in ambulatory than in nonambulatory patients and some o 

This may be the most important book you Il ever read: these adverse reactions may be alleviated f the patient lies down. Other 
adverse reactions include: NW. 

Collective Negotiation and Antitrust ieri pner iilii e ae t i 


aho a z M PON anxiety, fear, dysphoria, psy- 

i ic ea changes. 

A Guide for P hy. Sicians Gastrointestinal System: The antiemetic phenothiazines are useful in 
suppressing the nausea and vomiting which may occur (see above); 








: ; Sant 1 however, some phenothiazine derivatives seem to be antianalgesic and 
The American Medical Association, Office of to increase the amount of nara requrejto produce pain reef, while 
: 1 other phenothiazines reduce the amount cf narcotic required to produce 
the General Counsel, has published this book : sve level of analgesia, Prolonged administration of VICODINNVICODIN 
i 1 i 1 " $ Tablets may produce constipation. 

to help you avoid antitrust pitfalls and improve Genitourinary system eter spasm, spasm o sical sohni 

ili i " i iors and urinary retention have been report 
your ability to bar gain effectively with payors. Respiratory Depression: Hydrocodone bitartrate may praduce dose- 
related respiratory depression by want ceti on the brain stem respi- 
a FE TE RAER r ratory center. Hydrocodone also affects the center that controls respiratory 
| To Order, Call Today: 1-800-621-8335 | rhythm, and may produce irregular and periodic breathing. If significant 
IDE] vC bs r N respiratory depression occurs, it may be antagonized by the use of 


naloxone hydrochloride. Apply other supportive measures when indicated. 
, DRUG ABUSE AND DEPENDENCE: 
Price: $5.00 (AMA Members) VICODINNICODIN ES Tablets are abies to the Federal Controlled Sub 
stance Act (Schedule Ill). Psychic ndeace, physical dependence, a 
$7.50 ( Non-members ) tolerance may develop upon repeated administration of narcotics; there- 
` fore, VICODIN/ VICODIN ES Tablets shouid be prescribed and adminis- 
tered with caution. 
OVERDOSAGE: 
Acetaminophen Signs and Symptoms: In acute acetaminephen over- 
dosage, dose-dependent, potentially fatal hepatic necrosis is the most 
serious adverse effect. Renal tubular necrosis, hypoglycemic coma, and 
thrombocytopenia may also occur. Early symptoms anne a poten- 
tially hepatotoxic overdose may include: nausea, vomiting, diaphoresis 
and general malaise. Clinical and laboratory evidence of hepatic toxicity 
may not be apparent until 48 to 72 hours post-ingestion. 
Hydrocodone Signs and Symptoms: Serious overdose with 
hydrocodone is characterized by respiratory depression (a decrease in 
respiratory rate and/or tidal volume, Cheyne-Stokes respiration, (cyano- 
sis), extreme somnolence progressing to stupor or coma, skeletal muscle 
flaccidity, cold and clammy skin, and sometimes bradycardia and hypo- 
tension. In severe overdosage, apnea, circulatory collapse, cardiac arrest 
and death may occur. 
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... Excellent patient acceptance 
e Few reported side effects* 


Pain relief that lasts 
diac to six hours of extra strength pain relief 


The heritage of VICODIN’ ** 
€ VICODIN is the 24th most frequently 
prescribed medication in America? 
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* (hydrocodone bitartrate 7.5mg [Warning: May be habit forming) 
ang acetaminophen 750 mg) 


j gara Tablet for tablet, 
F the most potent analgesic you can phone in 
^17... daytime, nighttime, weekends. 
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** (hydrocodone bitartrate 5 mg [Warning: May be habit forming] and acetaminophen 500 mg) 


1. Data on file, Knoll Pharmaceuticals 
c 1989, BASF K&F Corporation 2. Standard industry new prescription audit . 
5825/5-89 Please see adjacent page for brief summary of prescribing information. 
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COMMENTARIES 


Graduate Surgical Education From a “Town” Perspective 285 


W. Gerald Rainer, MD, MS, Denver, Colo 


The Town-Gown Syndrome: An Ancient Disease, as Yet Uncured 287 


Robert J. Baker, MD, Wilmington, Del 


ORIGINAL ARTICLES 


Operative Exposure of the Abdominal Arteries for Trauma 

William R. Fry, MD, Oakland, Calif; Richard E. Fry, MD, Indianapolis, Ind; 

William J. Fry, MD, Ann Arbor, Mich 

e Operative exposure of the four zones of the abdominal aorta allows flexibility and 
precise repair. 


Why Surgeons Prefer Not to Care for Trauma Patients 292 
Thomas J. Esposito, MD; Ronald V. Maier, MD; Frederick P. Rivara, MD, MPH; 
C. James Carrico, MD, Seattle, Wash 
e Thirty-nine percent of responders prefer not to handle trauma patients; concerns are 
targeted and strategies tailored to deal with them. 
Invited Editorial Comment: Donald D. Trunkey, MD, Portland, Ore 


Simplified Hepatic Resection With the Use of 298 


Prolonged Vascular Inflow Occlusion 

John Terblanche, ChM, FCS(SA), FRCS(Eng); Jake E. J. Krige, FCS(SA), 

FRCS(Ed); P. C. Bornman, MMed(Surg), FRCS(Ed), Cape Town, South Africa 

e Vascular inflow occlusion combined with fibrin sealant reduced blood loss in resection of 
the normothermic liver and need not be combined with abdominal drainage. 


PAPERS READ BEFORE THE 43RD ANNUAL CANCER 
SYMPOSIUM OF THE SOCIETY OF SURGICAL 
ONCOLOGY, WASHINGTON, DC, 

MAY 19 TO 22, 1990—PART I 


Wither, Whether, or Whither Surgical Oncology 
Benjamin F. Rush, Jr, MD, Newark, NJ 


302 


Continued on page 277. 


273 







| DEMAND 
ALOT | WE m 
FROM 
MYSELF 


| DEMAND 
ALOT 
FROM AN 
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MEFOXIN 
... with well-documented 

clinical experience* 

.. broad coverage 
of important 
aerobes and anaerobes, 
including the 
B. fragilis group 


...used in over 14 million patients. 


BALANCED COVERAGE’ WITH 


MEFOXIN: 


CEFOXITIN SÓDIUMIMSD 


'in vitro activity against indicated aerobes and anaerobes 


MEFOXIN is contraindicated in patients who have shown hypersensi- 
tivity to cefoxitin and the cephalosporin group of antibiotics. 
MEFOXIN is not active in vitro against most strains of Pseudomonas 
aeruginosa and enterococci (e.g., Streptococcus faecalis) and many 
strains of Enterobacter cloacae. Methicillin-resistant staphylococci 
are almost uniformly resistant to MEFOXIN. 


*in infections caused by indicated organisms at indicated sites 
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"m vitro activity against indicated aerobes and anaerobes 


indications and Usage: 7saímeni—Serious infections caused by susceptible strains of the 
designated microorganisms in the following diseases: 
LOWER RESPIRATORY TRACT INFECTIONS. mcuding pneumonia and lung abscess, caused by 
Sireptococcus pneumonige, other streptocecei ( excluding ertterococci, e., Strep. faecalisy Staphy- 
dococcus aureus (peniciilinase and non-penicilinase producing) Escherichia coli, Klebsiella species, 
.. Hemaphilus iniluenzae, and Bactercides species. 
GENITOURINARY INFECTIONS. Urinary ‘rac? iafections caused by E. coii, Klebsiella species, Proteus 
, mirabilis, indole-positive Profess (which inciude the organisms now called Morganelia moimganii and 
Proteus vulgaris), «nd Providencia species (neluding Providencia retlgeri). Uncomplicated gonorrhea 
due to-Neissería gonorrhoeae (penicillinaseand Ron-peniciliinase producing). 
INTRA-ABDOMINAL INFECTIONS, including peritonitis and'intra-abdominal abscess, caused by £ 
coll, Klebsiella species, Bscteraides species including the 8 fragilis group* and Clostridium species. 
GYNECOLOGICAL INFECTIONS, including eadometritis, pelvic cellulitis, and pelvic inflammatory 
disease, caused ay £ coli A gonorrhoeae ipenicillinase and non-penicillinase producing), Bacte- 
roides species including the & fragilis groun* Clostridiura species, Peptococcus species, Pepto- 
Streptococcus species, and grup B streptococci. 
“SEPTICEMIA caused by Step. pneumoniae, Staph. aureus (penicillinase and non-penicillinase 
producing), £. cosi, Klebsiella species, and Bacteroides species including the B. fragilis grcup* 
BONE AND JOINT INFECTICNS caused by Staph. aureus (penicillinase and non-peniciflinase 
producing). 
SKIN AND SKIN STRUCTUREINFECTIONSicaused by Staph aureus (penicillinase and nor--penicillin- 
ase producing), Staph. epidermidis, strepiococci (excluding enterococci, eg. Sirep. faecalis), E. coli 
P mirabilis, Klebsiella species, Bacteroides species inciuding the 8 fragilis group* Clostridium 
Species, Peptoceccus scecies. and Peptostkeptococcus species. 
Although approariate culture and suscepüt:tity studies should be performed, therapy may be started 
7 While awaiting Mese results. Cefoxitin is not active in viiro against most strains of Pseudomonas 
-aeruginosa andenterococa fe g., S'rep. faecalis) and mary strains o! Enterobacter cloacae Methicil- 
z lin-tesistant staphylococci are almost uniformly resistant to cefoxitin. 
Prevention—Praghylactic ase in surgical procedures (e... hysterectomy, gastrointestinal surgery, 
Cesarean section, transurethral prostatectomy) classified as contaminated or potentially contami- 
ftd or in patients inwaom subsequent infection at the operative site would present @serious ask, 
£9. prostheticarthroplasty 
MEFOXINÓ (Cefoxitin Sodium, MSD) usually should be given Wto 1 hour betore surgery and should 
ustially be stooped within 24 hours Since continuing administration of any antibiotic increases the 
possibility of adverse reactions but, in the majority of surgical procedures, does nat reduce the 
icidenice of subsequent infection. However, in patients undergoing prosthetic arthroplasty, it is 
recommended that MEFOKIN be continued for 72 hours after the Surgical procedure. If there are signs 
of infection, specimens tor culture shouid be obtained for identification of the causative organism So 
appropriate treatment may be instituted. 
Centraindications: Prezous hypersensitivity to cefoxitin and the cephalosporin group of anti- 
ics. —— 
Warnings: BEFORE THERAPY (S INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DETER- 
MINE PREVICUS HYPERSENSITIVITY REACTIONS TO CEFOXITIN, CEPHALOSPORINS. PENICILLINS, 
OR OTHER ERUGS. GIVE WITH CAUTION TO PENICILLIN-SENSITIVE PATIENTS, ANTIBIOTICS 
SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME 
FORM OF ALLERGY PARTICULARLY TO BRUGS. IF AN ALLERGIC REACTION TO CEFOITIN OCCURS, 
DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 
Pseudomembranous colitis, from: mild to life-threatening in severity, has been reported 
with virtuaily all antibiotics (including cephalosporins); therefore, it is important to con- 
sider its diagnosis when diarrhea develops in association with antibiotic use. Broad-spec- 
rum antibictics alter némal llora of colon and may permit overgrowth of clostridia: a toxin produced 
hy Clostridiem difficiles a primary cause of antíbiotic-associated colitis. Mild casesmay respond to 
drug discontinuance alone; in more severe cases, management may include sigmoidoscopy, appro- 
priate bacteriological studies, fud, electrolyte and protein supplementation, and use of a drug such 
























“B: fragilis, B distasoais, E ovatus, 8 thelsictaomicron, B. vilgatus 


as oral vancomycin, isolation of the patient may be advisabie. Other causes of colitis should also be 
considera. 

Precautions: Genera/—Total daily dose should be reducet: in patients with reduced urinaty output 
due to renal insufficiency because high and prolonged serum antibiotic concentrations can occur 
from usual doses. Prescribe with caution in patients with a history of gastrointestinal disease, 
particularly colitis. Prolonged use may result in overgrowtit of nonsusceptible organisms; repeated 
evaluation of the patient's conditian is essential If superinfection occurs, take appropriate measures. 
Drug inieractions--Increased nephrotoxicity has been reported following concomitant administra- 
tion of caphalasporins and aminoglycoside antibiotics, 

Drug/Laboratory Test Interactions--High concentrations “100 mcg/mL) may interfere with mea- 
surement of serum and urine creatinine levels by the Jaffe reaction and produce false increases of 
modest degree in creatinine levels reported; serum samples should not be analyzed for creatinine if 
withdrawn within 2 hours of cefexitin administration. High concentrations may interfere with mea- 
surement of urinary f7-hydroxy-corticosteroids by the Porter-Silber reaction and produce faise 
increases of modest degree in levels reported. A false-positive reaction for glucose in urine has been 
observed with CLINITEST** reagent tablets. 

Carcinogenesis, Mutagenesis, Fertility Impairmenl--No long-term animal study has been performed 
on carcinogenic or mutagenic potential. Rat studies at approximately three times maximum recom- 
mended human dosage revealed no effects on fertility or mating ability 

Pregnancy Category B — Reproduction studies in rats andznice did not reveal teratogenic or fetal toxic 
effects, although fetal weights were slightly decreased. in rabbits, cefoxitin was associated with a 
high iscidence of abortion and maternal death, neither considered teratogenic, There are, however. no 
adequate and well-controlled studies in pregnant women. Because animal reproduction studies are 
hol always predictive of human response, this drug should be used during pregnancy only it clearly 
needed, 

Nursmg Mothers—Excreted in human milk: Exercise caution. 

Pedietric Use—Satety and efficacy in infants from birth to three months have not yet been estab- 
lished, in children three months and older, higher deses have been associated with increased 
incidence of eosinophilia and elevated SGOT. 

Adverse Reactions: The most common adverse reactions have been local reactions following 
intravenous or intramuscular injection. Other adverse reactions have been encountered infrequently. 
Local Reactions—Thrombophiebitis with intravenous administration; pain, induration, and tender- 
ness after intramuscular injections. Allergic Reactions--Rash (including extoliative dermatitis}, pru- 
rituz, eosinophilia, fever, and other allergic reactions including anaphylaxis. Carciovascular— 
Hypotension. Gastrointestinal—Diarthea, including documented pseudomembranous colitis during 
of after treatment, and, rarely, nausea and vomiting, Bleod—Eosinophilia, leukopenia including 
granulocytopenia, neutropenia, anemia, including hemolytic anemia, thrombocytopenia, and bone 
marow depression. A positive direct Coombs test may develop in some individuals, especially those 
witn azotemia. Liver Function Transient elevations ir SGOT, SGPT, serum LDH, and serum alkaline 
phesphatase; jaundice. Renal Function—Elevations in serum creatinine and/or blood urea nitrogen 
levels and, rarely acute renal failure. 


Note: In group A beta-hemolytic streptococcal infections, therapy should be maintained for at least — 
10 days to guard against the risk of rheumatic fever or glomerulonephritis. In staphylococcal and <o 
other infections involving a collection of pus, surgical drainage should be carried out where indicated. . ^ 


iniramuscular injections should be weil within the body of a relatively large muscle such as the upper 

outer quadrant of the buttock (ie, gluteus maximus); aspiration is necessary to avoid inadvertent 

imection into a blood vessel. The total daily dosage in infants and children should not exceed 

te grams. EE 
How Supplied: Sterile cefaxitin sodium in vials, infusion bottles, and ADD-Vantage®* vials contain- 
ing 1 gram of 2 grams cefoxitin equivalent and in 10-gram bulk bottles. 


“Registered trademark of Ames Company Division of Miles Laboratories, inc. 
"Registered trademark af Abbott Laboratories, inc. 


£r more detailed information, consult your MSD Representative 
ar see Prescribing Information. Merck Sharp & Dohme, 


Hivision of Merck & Co., INC, West Point, PA 19486 —— 10MF(026) 
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Inflammatory Breast Cancer 304 
Michael P. Moore, MD, PhD; Janet K. Ihde, MD; Joseph P. Crowe, Jr, MD; 
Thomas P. Hakes, MD; David W. Kinne, MD, New York, NY 
€ A 5-year survival rate of 45% was attained using combination 
chemotherapy for the treatment of inflammatory breast cancer; 
similar resu'ts were achieved with mastectomy followed by chemotherapy. 








12e PME IRL NNI o Mee on n TS EMEN mom s 
Enhanced Antitumor Reactivity of Tumor-Sensitized 307 


T Cells by Interferon Alfa 
Douglas L. Vander Woude, MD; Paul D. Wagner; Suyu Shu, PhD; 
Alfred E. Chang, MD, Ann Arbor, Mich 
e Interferon alfa enhancement of adoptive immunotherapy is mediated by 
its effect on tumor cells and may be a useful adjunct. 


ftt en olen CMS CCCo 
Prognostic Significance of Carcinoembryonic Antigen in 314 
Colorectal Carcinoma: Serum Levels Before and After 


Resection and Before Recurrence 

David Z. J. Chu, MD; Curtis A. Erickson, MD; M. Patricia Russell, MA; 

Carolyn Thompson, MS; Nicholas P. Lang, MD; 

Ralph J. Broadwater, MD; Kent C. Westbrook, MD, Little Rock, Ark 

e Preoperative and postoperative CEA levels may identify a poor prognostic group of patients 
with cclorectal cancer who may benefit from adjuvant therapy. 


TAS ID NE TORT v Mor eee ee 
Technique of Photodynamic Therapy for Disseminated 318 


Intraperitoneal Malignant Neoplasms: Phase I Study 

William F. Sindelar, MD, PhD; Thomas F. Delaney, MD; Zelig Tochner, MD; 

Gunter ^. Thomas; Paul D. Smith, PhD; Walter S. Friauf, MEE; 

Eli Glatstein, MD, Bethesda, Md 

e Intraoperative photodynamic therapy, although time-consuming, can be accomplished 
with acceptable morbidity. 


CONDERE fi LiLLD o n SRNL SH 


Prognostic Factors in Primary Retroperitoneal 328 


Soft-Tissue Sarcomas 

Ruy G. Bevilacqua, MD; Andre Rogatko, PhD; Steven I. Hajdu, MD; 

Murray =. Brennan, MD, New York, NY 

e Completeness of resection and grade of the retroperitoneal sarcomas are the prime 
determinants of survival; extensive resection and adjuvant therapy demonstrated no 
advantage. 


Fe Pap n 
Mechanism of Surgical Stress Impairment of Human 338 


Perioperative Natural Killer Cell Cytotoxicity 

Raphael E. Pollock, MD, PhD; Eva Lotzova, PhD; 

Susan D. Stanford, Houston, Tex 

e Surgica stress-induced NK cell functional impairment is due to direct toxic effects on NK 
cells, not NK cell redistribution or generated NK-directed suppressor cells. 
Statement of Clinical Relevance: William L. Donegan, MD, Milwaukee, Wis 


DOTEM ae eee eee SEEN s aot c CU 
An Approach to the Reduction of the Most Common 345 


Western Cancers: The Failure of Therapy to Reduce Disease 
Denis Burkitt, MD, FRCS, FRS, Bisley, Gloucester, England 


lk de 7r voc L alU iR. e. — —— NN 
Radioimmunoguided Surgery Using lodine 125 B72.3 349 


in Patients With Colorectal Cancer 

Alfred M. Cohen, MD, New York, NY; Edward W. Martin, Jr, MD, 

Columbus, Ohio; lan Lavery, MD, Cleveland, Ohio; John Daly, MD, 

Philadelphia, Pa; Armando Sardi, MD, New Orleans, La; Delmar Aitken, MD, 

Loma Linda, Calif; Kirby Bland, MD, Gainesville, Fla; 

Cathy Mojzisik, RN, MS; George Hinkle, RPh, MS, Columbus, Ohio 

e This multicenter use of iodine 125-labeled B72.3 murine monoclonal antibody in colorectal 
cancer reveals a sensitivity of 77% and a predictive value of 78%. 


Continued on page 281. 
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INJECTION 
INFUSION 


^| order ZANTAC...continuously.” 


“Continuous infusion gives me the control | want to 
meet my therapeutic goals of pH and volume control 
in acid-peptic disorders, but it doesn’t raise added 
concerns about safety, drug interactions, or CNS effects.” 


“With ZANTAC, | get... 


“24-hour median gastric pH of 6.3 
in duodenal ulcer patients ?; 


“24-hour mean gastric volume of 18.3 ml?; and 
"No loading dose is needed for rapid onset." '? 


New continuous infusion . 


Zanmtac hjection 


farte HCV GIGXO 25m; 
150mg/day 


Glaxo. — < Glaxo Pharmaceuticals" 


Please see campa Prescribing Information for indications 
t Rare cases of CNS effects, usually reversible, have been reported. Please 
see complete Prescribing Information for precautions 


Please see references and Brief Summary of Prescribing Information on next page 











Zantac’ Injection ——_ | mE BRIEF SUMMARY 
z {ranitigone fydrachiovide). 
` Zantac’ Injection Premixed 
 (nnititine hydrochloride) 
~The dotiawing is a brief summary cie. Before: prescribing. 586 complete prescribing information in Zantac” 
:injéction/Zantac^ repe Promixed aroduct labellag: 


INDICATIONS AND USAGE: Zantac® tection and Zanta s injection Premixed are indicated in some hospitalized: 
i patiente with pathological kypersiomory conditions or intractable duodenal ulcers, or as an alternative to the oial 
. dosage form for shor-terra use er ancients who are anable to take aval medication. 
ed NDICKTIONS: Zantac” Tassen and Zantac injection Premixed are contraindicated for patients knowe to 
pr LU hypersenstiviy: o the drug. 





,B8ferak 1, Symptomatic resppase t Zantac” therapy does not preclude the presence of gastric malignancy. 

2. Since Zantac is exccetad primacite ay the Kidnay, dosage should ha adjusted in satients with impaired renal function 
(see. deus ee AC MINISTRAT ro Caution sheidd be observed in patients with hepatic dysfunction since Zantac 
is metata in the ver. 








kE 3. in controlled studies in normal vetanteers, clevahons in SGPT have been observed when H-a antagonists have been 


administered intravenausly at-greaterthan recommended doses for five days or longer, Therefore, i seems prudent ia 
patiente receiving intravenous IV} eaaitidine at coses greater than or equal to 106 mg qid for periods of five days or 
longer ti monitor SGET daily (eom day 5) for the remainder of IV therapy, 


-> «4; Bradyrardia in association wih rapic admiaistrabon of Zantac® Iniection has baen reported rarely, usually in 


ib qatieniswith factors gredisposiac te cardiac chythm disturbances. Recommended rates of administration should not 


-be exceeded (see DOSAGE AND AORENISTRATION S. 


Laboratery Tests: False-positive tesis for urine protin with Multisiivi may occuctluring Zantac therapy, and there- 

lore testing with sulfasatcylc acid is -poommended. 

. Drag interactions: Although Zan:az ies been reporitri to Bind weakly to cytochrome P-450 in vitro, recommendedidoses 
ofthe drug do nat inhibit he actions @ the cytochrome P-450-linked oxyganase enzymes ín tha liver. However, there have 
been isciated reports of drug interackens that suggest thal Zantac may affect The bicavailability of certain drugs by:some 
echanism as yst unieentibed (eg. apH-dependent éffact on.absorption or a changein volume of distribution), 
Carcinogenesis, Mutagenesis, mpairment cf Fertility: There was no indication of tumorigenic or carcinogenic 
affects ie lifespan stueias ia mice arf rats at oraj deses up to 2,000 mykad. 

Raniadine wes not mutagenic s standard bacterial tests (Salmonella, Escherichia colà tor mutagenicity at concen- 
trations up to the maxmitm recoriended for these assays. 

in a wominant lethal assay, z sage ural dose of 7,000 mg/kg to male rats was without effect on the outcome of 
two matings per weelcfor the nex nine weeks. 

Pregnamy: Teratogeuic Effects: Pregnancy Category B: Reproduction studies have been performed in rats andirab- 
bits at cea! ‘doses up te 150 times the human oral dase and have revealed no evideace of impaired fertility or harm to 
the fetus due to Zantaz. There are. feewever, no adecuate and well-controlled studies in pregnant women. Because 

. animat esproduction saidies are nat aiways predictive of human response, this drug should be used during pregnancy 
only H carly needed. 

NursingiMothers: Zarrac is secrete ín humas milk. Caution should he exercised when Zantac is administered te à 
nursing other, 

Pediatric Use: Safety and effectiveness in children have not bean established. 

Use in Elderly Patients: Ulcer hecting rates in eldersy patients (55 to 82 years of age) treated with oral Zantac were no 
differant from those in ycusger ape GROUPS, The incidanza rates for adverse eventeand laboratory abnormalities were 
also notdifferent from those seen ir-cther age grouas. 

ADVERSE REACTIONS: Tracsient pair at the site of ntramuscular injection has bean reported, Transient local burning 
or ichiro has been resorted with (administration af Zantac®. 

The illowing havedheer regorkec es events in clinical trials or in the routine management of patients treated with 
oral of parenteral Zantac. The mationstip to Zantactherapy has been unclear in many cases. Headache, sometimes 
severe, seams to be rdlatec fo Zartac administration. 

Centrai dervous System: Farely vadzise, dizziness. somnolence, insomnia, and vertigo. Rare casas of reversible 
mental confusion, agitition. dep'essicn, and hallucisatións have been reported, predominantly in severely ill elderly 
patients. Aare cases o reversible aer ed vision suggestive of a change in accommodation have been reported. 
Cardioveseular: As wich other H»-Dlackers, rare separts of arrhythmias such as tachycardia, bradycardia, asystoie, 
atrioventricular biock, and premature: ventricular berts. 

oestra a Constipation, clarrses, naussalvoriiting, and abdominal discomtort/pain, and rare reports of par- 
creátitis 

Hepatic: in normal volunteers, SGP^ values were increased to at least twice the pretreatment levels in 6 of 12 sub- 
jetis receiving 100 mg qid intravenaasty for seven cays, and in 4 of 24 subjects receiving 50 mg qid intravenousty for 
live days. There have bean occasianabreports of hepatitis. hepatocellular or hepatccanalicular or mixed, with or with- 
oul jaumtice. in such sircumstancos. ianitidine should be immediately discontinued, These events are usually 
reversible, hut in excecdiagiy tare ciscimstances death has occurred. 

Masculaskeieta:: Rare reports of artesigias. 

Hematologic: Biod cauri changes iekopenia, granulocytopenia, and thrombocytopenia} have occurred in a few 
patients These were usually reversiite, Rare cases ef agranulocytosis, pancytopenia, sometimes with marrow 
hypoplasia and aplastit anemia have been repartad. 

Endocrine: Controlled studies in animals and maa have shown no stimulation of any pituitary hormone by Zantac and 
no antiandrogenic actirity, end emelcine-induced gynecomastia and impotence in hypersacretory patients have 
tesolyecdowhen Zantac aas been substituted. However, occasional casas of gynecomastia, impotence, and loss of 
libido have been reported in male patients receiving Zantac, but the incidence did not differ from that in the general 
population. 

integumentary: Sash, nduding tenscases suggestive of mild erythema multiforma, and, rarely. alopecia. 

Other: Rare cases of hypersensitivity actions (eg, Sronchospasm, fever, rash, eosinophilia), anaphylaxis, angioneu- 
rotic edema, and smal increases in senum creating. 

UNE : information conversing possible overcéosage and its treatment appears in the fult prescribing information. 
DOSAGE AND ADMINIBTRATION: (See complete prescribing information in Zantac” Injection/Zantac" Injection Pre- 
mixed product lábelinc. y 

intramuscular injection: SC mig y z mei every six to aight hoars. (No dilution necessary.) 

intermittent Intravenaas inar 

a. intermittent Boles: Senn moi? web avery six to tight hours. Dilute Zantac Injection, 50 mg, in 0.9% Sodium 
Chiorideor other compatible IV salusien (see Stability) te a concentration no greater than 2. 5 mg/m (20 ml). inject at 
a rate neagreater than + mt per mirues(five minutes 

b. intermittent infasion: 50 mo (2 ni) every six t2 eight hours. Diute Zantac Injection, 50 mg, in 5% Dextrosa 
injactionar other comsatibie IV seita to a concentration no greater than 0.5 mimi (100 ml). Infuse at a rate no 
greater than 5 to 7 ml-ser minute i£ in 20 mingtasi 

Zantac Injection Premuxed solution; 50 mg. in 0.45% Sodium Chioride, 100 mi, requires no dilution and should be 
infused ever 15 fo 20 minutes. 


in some patients it may be necessary to incresse dosage. When this is necessary, the increases should be made by 


mara frequent adminiscration of the dese, but generally shouid nol exceed 400 mg. per day. 
Continuous intravenous iiasion, Acif Zantac injection to 5% Dextrose injection or other compatible TV solution. 
Deliver at a rate of 6.2 mg ner hour cay, 150 mg [6 al] Zantac Injection in 250 mi of 9% Dextrose Injection at 10:7 mi 


^v. per hour’. 


i For Zallinger-Ellisor patients. due Zantac injection da. 5% Dextrose injection orother compatible intravenous. 
solution so a concentration no raste than 2.5 mairei. Start the infusion at-a rate of-1.0 mg/kg/h. V after four howrs 
sither.a measured gastric acid cutout & greater than 10 mEq/h or the patient becontes symptomatic, the dose should 


77 bn adiusiad upwards it: G S-mgdephoncremants, ane the acid output should be remsasured. Doses up to 2.5 mavkg/h 





and infusion rates as kgh as 220 mali have bees u 
Dosage Adjustment for Patients with impaired Renal Fünction: On the basis of experience with a group of subjects 


_. with severely impairedirenat function treated with Zantac, the recommended dosage in patients with a creatinine 
_ clearance (ess than 50 mmis i$ 53 mg every 1810.24 hours. Shout the patient's condition require, the frequency of 


< dosing may be increased to every 12 hours or aven Wether with cautián. Hemodiakisis reduces the level of circulating 


J. "rafilidino. Ideally, the &osage schake should. be adiosted so that the timing of a scheduled dose coincides with the 


ëmt of hemodialysis. 
. HOW SUPPLIED: Zantic" Injectian, & mg/m. viria phenol 0.5% as preservative, is available as follows: 
— NDC OTT 0362-38 2-91 single-dose vigis (Tray of 13) 
- MDG 0123-0363-39 10-mi mültli-Jas« vials (Singles: 
NDE 0173-0353-00 40-mi Pharmacy Bulk Packages (Singles) 
NOC 0173-0362-00 2-1 siegle- deat, orefilled. dispasable syringes (Singles) 
. Stere'below 30° C 86° F). Protect trom light. Stare 40-mi vial in carton until time of use. . 
Zantac” injection Premixed ir 6.25% Sodium Chiorida, 0.5 mg/ml, is available as a sterile, premixed solution for IV 
administration i in 100-ral, single-dose, "exible alasticcontainers (NDE 01 73-0407-00}. It contains tio preservatives. 
Exposure of pharmaceutical products to heat should be minimized. Avoid excessive heat. Protect from freezing. it 
is. recommended that tre product be-ssored at rnom :emperature (25° C). however, brief exposure up to 40° C does 
not. adversely affect the procact. 












August (890 
Zantac® wjectionin vies: — 
Glaxo Pharmaceuticals. Rassarct- "rizpgie Park, NC 27709 
-amat bjerton n prefilled syrisges: — 
. . Manufactured for Glaxc Pharmacedtikcls, ea *tiangle Park, NC 27709 
_ ySürvisat Technology. Irc., Bethesda: MD. 
c... Zantac’ tajection Premcxed: 
-. *Masufaciured for Glaxc Paarmansutizals, Research Tiange Park, NC 27709 
. dép Abbot Laborztories. North Chicago: 1 60084 
n & Copyright 1987, Glaxo inc. All rigets reserved, 
Pented in USA September :996 
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Radical Resection for Carcinoma of the Ampulla of Vater 

John R. T. Monson, MD, FRCSI, FRCS; John H. Donohue, MD; 

Gerard P. McEntee, MD, FRCS!; Donald C. Mcllrath, MD; 

Jon A. van Heerden, MB, FRCSC; Roy C. Shorter, MD, FRCP; 

David M. Nagorney, MD; Duane M. Ilstrup, MS, Rochester, Minn 

€ Radical resection for vaterian cancer can be performed with a low morbidity and mortality 
and should remain the treatment of choice. 


Effect of Splenectomy on Morbidity and Survival Following 


Curative Gastrectomy for Carcinoma 

Mary Susan Brady, MD; Ancre Rogatko, PhD; L. Leon Dent, MD; 

Man H. Shiu, MD, New York, NY 

e Splenectomy has no direct influence on survival in gastric cancer, increases morbidity in 
curative gastrectomy, and should be avoided unless the spleen is close to or invaded by the 
tumor. 
Invited Commentary: Hastings K. Wright, MD, New Haven, Conn 


The Use of a Biodegradable Mesh to Prevent 


Radiation-Associated Small-Bowel Injury 

Kumar S. Dasmahapatra, MD, Anangur P. Swaminathan, MD, East Orange, NJ 

e The use of absorbable mesh may permit the use of higher doses of postoperative 
radiotherapy without the associated hazard of small-bowel injury. 


Some Problems With Clinical Trials: James Ewing Lecture 
Walter Lawrence, Jr, MD, Richmond, Va 


SURGICAL HISTORY 
History of Liver Surgery 


James H. Foster, MD, Farmington, Conn 


CLINICAL NOTES 


Bilateral Iliac Vein Filtration: An Effective Alternative to 


Caval Filtration in Patients With Megacava 
Parvati Ramchandani, MD; Robert M. Zeit, MD; Harvey A. Koolpe, MD, 
Philadelphia, Pa 
è Because of a megacava or technical difficulties, iliac filtration should be considered if a 
caval filter cannot be placed. 
Invited Commentary: Lazar J. Greenfield, MD, Ann Arbor, Mich 


Cytologic Diagnosis of Aspergillosis in Cardiac Transplantation 

Timothy H. McCalmont, MD, Winston-Salem, NC; Jan F. Silverman, MD, 

San Francisco, Calif; Kim R. Geisinger, MD, Winston-Salem, NC 

è FNA cytology is a useful adjunct in the diagnosis of pulmonary nodules and infectious 
processes. 
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AESTHETIC AND RECONSTRUCTIVE 
SURGERY OF THE BREAST 


May 30 - June 1, 1991 THE WALpDore ASTORIA Horti, New York, NY 


A sympos.um that explores in depth the current 
methodology and controversies surrounding all 
aspects of the breast in health and disease. Diagnosis 
of benign and malignant breast disease is.discussed 
as well as patient selection, indications for surgery, 


and choice of appropriate surgical and medical techniques '* 


to treat individual problems. This symposium discusses in 
detail current methods of surgical treatment for breast 
augmentation, breast reduction and breast reconstruction, 
as well as excisional treatment for neoplasms, and 
indications for radiation and chemotherapy as adjuncts to 
surgery. A distinguished faculty of experts has been 
assemblec for this purpose. 


This symposium is designed to be of 
special interest to the plastic surgeon, 
general surgeon, and all other disciplines 
interestec in the treatment of breast 
lesions and deformities. 


COURSE CHAIRMEN: THOMAS D. REES, 
M.D.; STEPHEN R. COLEN, M.D. 


Program Director: William B. Nolan, M.D. 






















Guest Faculty: Fritz Barton, M.D., Dallas, Texas: 
à John Bostwick, M.D., Atlanta, Ga.; Jack Fisher, M.D., 
5an Diego, Ca.; Robert Kinne, M.D., New York, NY; 
John McCraw, M.D., Norfolk, Va.; William Shaw, M.D., 
Los Angeles, Ca., Sumner Slavin, M.D., Boston, Ma.; 
Scott Spear, M.D., Washington D.C. 


Manhattan Eye, Ear & Throat Hospital 

», & NYU Faculty: Sherrell |. Aston, M.D.; 

Phillip Casson, M.D.; Stephen R. Colen, M.D.; 

Matthew Harris, M.D.; David Hidalgo, M.D.; 

Joseph McCarthy, M.D.; Julie Mitnick, M.D.; 
William B. Nolan, M.D.; Thomas D. Rees, M.D.; 
Daniel Roses, M.D.; John Siebert, M.D.; 

James Speyer, M.D.; Jessie Sullivan, M.D.; 
Gerald Waisman, M.D. 


Sponsored By The Manhattan Eye, Ear & Throat 
Hospital in conjunction with the Institute of 
Reconstructive Plastic Surgery at the New 
York University Medical Center. Limited 
enrollment, CME Category | Accreditation. 


For information contact: Francine Leinhardt, Course Coordinater, Manhattan Eye, Ear & Throat Hospital, 
210 East 64th Street, New York, NY 10021 (212) 838-9200 ext. 2776 or FAX (212) 832-9126 





“> 


BOARD REVIEW AND UPDATE 
IN CRITICAL CARE 


June 24-27, 1991 - Chicago, Illinois 


This course is an interdisciplinary overview 
of Critical Care, designed for internists, 
surgeons and anesthesiologists engaged in 
board review, as well as senior nursing and 
respiratory therapy staff. 


Approaches to hypoperfused states, respiratory 
failure, trauma, sepsis and multiorgan failure, 
organ transplant, nutrition and metabolic 
catastrophes will be emphasized. 


For further information, contact 
The University of Chicago, Center for CME 
5841 S. Maryland, Box 139, Chicago, IL 60637 
(312) 702-1056; Fax (312) 702-1736 
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What will you tell her about 
screening mammography? 


Many of your patients will hear about screening mam- 
mography through a program launched by the American 
Cancer Society and the American College of Radiology, and 
they may come to you with questions. What will you tell them? 

We hope you'll encourage them to have a screening 
mammogram, because that, along with your regular breast 
examinations and their monthly self examinations, offers the 
best chance of early detection of breast cancer, a disease which 
will strike one woman in 10. 

If you have questions about breast cancer detection for 
asymptomatic women, please contact us. 


ee 


American 1891 Preston White Dr 
College of Reston, virginia 22091 
Radiology (703) 648-8900 


AMERICAN Professional Education Dept 
CANCER National Headquarters 
SOCIETY  ?9 Park Avenue 


New York, New York 10016 
or your local society 





She's outbattled 

the Great Depression, 
her husband's death, 
and a myocardial 
infarction. 


Now she’s won a fight 
against gram-negative 
cholecystitis. 


For broad aerobic gram-negative 
coverage, including 

Pseudomonas aeruginosa, 

in serious intra-abdominal infections’: 





— Peritonitis 
— Abscess 
— Appendicitis 


Please see the adjacent page for a brief summary of prescribing 
information. 


*Due to susceptible organisms. 


* Inthe management of gram-negative infection.. 


Azactam ï 


aztreonam 








 AZACTAM* FOR INJECTION 
: Aztreonam For inection 


| DESCRIPTION—AZACTAM | taztreonam, Squibb) is the first member of a new class 

.. of antibiotics classified as mcnobactams. AZACTAM is a totally synthetic bacteri- 
cidal antibiotic with activity against a wide spectrum of gram-negative aerobic 
pathogens. The moncbactams, having a unique monocyclic beta-lactam nucleus, 
are structurally different frorwother beia-lactam antibiotics. 

AZACTAM For -njectior s a sterile, nonpyrogenic, sodium-free, white to 
yellowish-white lyophilized cake, containing approximately 780 mg arginine per 
gram of aztreonam for intramuscular or intravenous use following constitution. 
Aqueous solutions of the product have a pH in the range of 4.5-7.5. 


INDICATIONS AND USAGE- 3efore initiating treatment with AZACTAM, appropri- 
ate specimens should be octained for isolation of the causative organism(s) and 
for determination ef suscert bility to aztreonam. Treatment with AZACTAM may be 
started empirically before sesults of the susceptibility testing are available; sub- 
; sequently, appropriate antiboietic therapy should be continued. 

AZACTAM For Injection is indicated tor the treatment ofthe following infections 
oo. caused by suscertible gram negative microorganisms: Urinary Tract Infections 
s (complicated and uncomplicated), including pyelonephritis and cystitis (initial 
and recurrent) caused by Escherichia cali, Klebsiella pneumoniae, Proteus mirabilis, 
Pseudomonas aeruginosa, Enterobacter cloacae, Klebsiella oxytoca’, Citrobacter 
species* and Serratia marcescens". Lower Respiratory Tract Infections, inciud- 
<o Ag pneumonia and bronchite caused by Escherichia coli, Klebsiella pneumoniae, 
Pseudomonas aeruginosa. Haemophilus influenzae, Proteus mirabilis, Enterobacter 
species and Serratia marcescens'. Septicemia caused by Escherichia coli, 
“cess Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus mirabilis’, Serratia 
-marcescens and Enterobacter species. Skin and Skin-Structure Infections, 
including those associated with postoperative wounds, ulcers and burns caused 
by Escherichia col, Proteus mirabilis, Serratia marcescens, Enterobacter species, 
Pseudomonas aeruginosa, Kiebsiella ppeumoníae, and Citrobacter species". Intra- 
abdominal Infections, including peritonitis caused by Escherichia coli, Klebsielia 
species, including K. pneumoniae, Enterobacter species including £. cloacae’, 
Pseudomonas aeruginosa, C'robac'er species* including C. freundíi* and Serratia 
species* including S. marcescens*. Gynecologic infections, including endome- 
tritis anc pelvic callulitis caused by Escherichia coli, Kiebsiella pneumoniae’, 

Enterobacter species” including E. cloacae’, and Proteus mirabilis*. 

AZACTAM is indicated for adjunctive therapy to surgery in the management of 
infections caused by susceptible organisms, including abscesses, infections com- 
plicating hollow viscus perfo:ations, cutaneous infections and infections of se- 
rous surfaces. AZACTAM is.effective against most of the commonly encountered 
gram-negative aerobic pathogens seen in general surgery. 

Concurrent Therapy--Concrrent initial therapy with other antimicrobial agents 
and AZACTAM is recommended before the causative organism(s) is known in 
seriously ill patients who are also at risk of having an infection due to gram- 
positive aerobic pathogens. F anaerobic organisms are also suspected, therapy 
should be initiated using sn antianaerobic agent concurrently with AZACTAM. 
Certain antibiotics te.g., ce'cxitin, imipenem) may induce high levels of beta- 
lactamase in vitro in some gram-negative aerobes such as Enterobacter and Pseu- 
demonas species, resulting in antagonism to many beta-lactam antibictics 
including aztreonam. These ;n vitro findings suggest that such beta-lactamase 
inducing antibiotics not be used concurrently with aztreonam. Following identifi- 
cation and susceptibility testing, appropriate antibiotic therapy should be 

sx c continued. 
:/ CONTRAINDICATION —Aztseonam is contraindicated in patients with known al- 

oo ergy to this antibietic. 

_. WARNINGS —Careful inquiry should be made for a history of hypersensitivity re- 
- action to any antibiotic or other drugs. Antibiotics should be given with caution to 
any patient who has had some form of allergy, particularly to drugs. it is 
recommended thet patients who have had immediate hypersensitivity reactions 
(e.g., anaphylactic or urticarial) to penicillins and/or cephalosporins should be 
followed with special care. Wan allergic reaction tc aztreonam occurs, discon- 
tinue the drug and institute supportive treatment as appropriate (e.g.. mainte- 
nance of ventilation, presscr amines, antihistamines, corticosteroids). Serious 
hypersensitivity reactions. may require epinephrine and other emergency 

measures. 


.PRECAUTIONS--Generak. ir 3atients with impaired hepatic or renal function, ap- 
propriate monitoring is: ‘recommended during therapy. If an aminoglycoside is 













“Efficacy. for this organismi n this organ system was studied in fewer than. ten 
infections. 


©1990 ER. Squibb & Sons, Ine, Princeton, NJ — 680-502A 





used cor currently with aztreonam, especially if high dosages of the former are 
used or i? therapy is prolonged, renal function should be monitored because of 
the potertial nephrotoxicity and ototoxicity of aminoglycoside antibiotics. The 
use of antibiotics may promote the overgrowth of nonsusceptible organisms, in- 
cluding gram-positive organisms and fungi. Should superinfection occur during 
therapy, appropriate measures should be taken. 


Carcinogenesis, Mutagenesis, impairment of Fertility —Carcinogenicity studies 
in animal: have not been performed. Genetic toxicology studies performed in vivo 
and in vitro with aztreonam in several standard laboratory models revealed no 
evidence of mutagenic potential at the chromosome or gene level. Two-generation 
reproduction studies in rats at daily doses up to 20 times the maximum 
recommended human dose, prior to and during gestation and lactation, revealed 
no eviderice of impaired fertility. There was a slightly reduced survival rate during 
the lactation period in the offspring of rats that received the highest dosage, but 
not in offspring of rats that received five times the maximum recommended hu- 
man dose. 


Pregnancy —Pregnancy Category B: Aztreonam crosses the placenta and enters 
the fetal circulation. Studiesin pregnant rats and rabbits, with daily doses up to 15 
and 5 times, respectively, the maximum recommended human dose, revealed no 
evidence of embryo- or fetotoxicity or teratogenicity. No drug induced changes 
were seer in any ofthe maternal, fetal or neonatal parameters that were monitored 
in rats receiving 15 times the maximum recommended human dose of aztreonam 
during late gestation and lactation. There are no adequate and well-controlied 
studies impregnant women. Because animal reproduction studies are not always 
predictive of human response, aztreonam should be used during pregnancy only 
if clearly needed. 


Nursing Mothers--Aztreonam is excreted in breast milk in concentrations that 
are less than 1% of concentrations determined in simultaneously obtained mater- 
nal serum consideration should be given to temporary discontinuation of nursing 
and use d formula feedings. 


Pediatric Use Safety and effectiveness have not been established in infants and 
children. 


ADVERSE REACTIONS —Local reactions such as phlebitis/thrombophlebitis fol- 
lowing IV administration, and discomfort/swelling at the injection site following IM 
administration occurred at rates of approximately 1.9% and 2.4%, respectively. Sys- 
temic reactions (considered to be related to therapy or of uncertain etiology) oc- 
curring atan incidence of 1 to 1.3% include diarrhea, nausea and/or vomiting, and 
rash. Reactions occurring at an incidence of less than 1% are listed within each 
body system in order of decreasing severity: Hypersensitivity—anaphylaxis. 
Hematoloagic--pancytopenia, neutropenia, thrombocytopenia, anemia, leukocyto- 
sis, thrombocytosis. Gastrointestinal-- abdominal cramps; rare cases of C. difficile- 
associated diarrhea, including pseudomembranous colitis, or gastrointestinal 
bleeding save been reported. Dermatologic--purpura, erythema multiforme, urti- 
caria, exfaliative dermatitis, petechiae, pruritus, diaphoresis. Cardiovascular—hypo- 
tension, transient ECG changes (ventricular bigeminy and PVC). Respiratory—one 
patient experienced flushing, chest pain, and dyspnea. Hepatobiliary—hepatitis, 
jaundice. Nervous System--seizure, confusion, vertigo, paresthesia, insomnia, diz- 
ziness. Musculoskeletai—muscular aches. Special Senses—tinnitus, diplopia, 
mouth uleer, altered taste, numb tongue, sneezing and nasal congestion, halito- 
sis. Othes—vaginal candidiasis, vaginitis, breast tenderness. Body as a Whole— 
weakness, headache, fever, malaise. 


Adverse Laboratory Changes-- Those reported without regard to drug relation- 
ship during clinical trials were: Hepatic--elevations of AST (SGOT), ALT (SGPT), 
and alkaline phosphatase; signs or symptoms of hepatobiliary dysfunction oc- 
curred in ‘ess than 1% of recipients (see above). Hemic-increases in prothrom- 
bin and partial thromboplastin times, eosinophilia, positive Coombs test. 
Renal—increases in serum creatinine. 

OVERDOSAGE- necessary, aztreonam may be cleared from the serum by 
hemodiatesis and/or peritoneal dialysis. 

DOSAGE.AND ADMINISTRATION--Dosage adjustments are recommended for 
patients with impaired renal function. in elderly patients, estimates of creatinine _ 
clearance should be obtained and appropriate dosage modifications made if. . 
necessary. 3s 


HOW SUPPLIED—AZACTAM For Injection (Aztreonam For Injectionj-Lyophilized-- = 
is supplied in single-dose 15 mL vials containing 500 mg, or 1 g/vial; in single- -> 
dose 30 mL vials containing 2 g/vial; and in single-dose 100 mL intravenous. 


infusion bottles containing 500 mg or 1 g or 2 g/bcttle. 
Consult package insert before prescribing AZACTAM (aztreonam). 


(J4-231A). 


Issued: September 1990 
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E 5-HT. RECEPTOR-SELECTIVE CANCER- 
CHEMOTHERAPY ANTIEMETIC 
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i, SHINING BREAKTHROUGH 
1 IN THE CONTROL OF EMESIS 
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RASNE feures wit TOERAMA 2 


-© ZOFRAN has been proven to be highly effective,'? 
even in preventing cisplatin-induced emesis.’ 


IN ZOFRAN avoids the acute dystonic reactions* associated 
with dopamine blockade. 


^A ZOFRAN is contraindicated in patients with known hypersensitivity to ondansetron HCI. 





*There have been two reports consistent with, but not anos of, an 
extrapyramidal reaction in patients receiving ondansetro 
Please consuit Brief Summary of Prescribing Information t references 
on last page of this advertisement. 


Wu ae Va. Wee us SI "WS 
i Ei tu MUT ien e 


YE 

NEUE. 

ipae 
i 


| 


us 
"Wn 
"v 





THE FIRST OF A NEW CLASS OF ANT. JEME 
FOR CANCER CHEMOTHERAPY 
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Dose se-Cisplatn Patients 
t Failure Over 24 Hours’? 


P —0.009 


Data are from a single-blind study of 274 evaluable 
patients receiving cisplatin »100 mg/m*. In addition 
to cisplatin, 68% of patients received other 
chemotherapeutic agents, including 
cyclophosphamide, etoposide, and fluorouracil." 
Treatment failure was defined as more than five 
emetic episodes, requirement of rescue antiemetic 
therapy, or withdrawal from study.’ 





metoclopramide | —ZOFRAN 
2 mg/kg IV x6 doses -0.15 mg/kg IV x 3 doses 
r (n-138)  (n-1236) 


B Unlike metoclopramide and prochlorperazine, it is believed that ZOFRAN 
selectively blocks 5-HT; receptors centrally and peripherally. 


The most common adverse event reported with ZOFRAN is mild to moderate headache, 
treatable with mild analgesics. 


“There have been two reports consistent with, but not diagnostic of, an extrapyramidal reaction in 
patients "eceivina ondansetron. 





M Patients receiving ZOFRAN were significantly more satisfied with 
overall control of nausea and vomiting (P=0.001) than patients receiving 
metoclopramide.’ 


li ZOFRAN was associated with 42% fewer treatment failures than 
metoclopramide (P —0.009).' 


M ZOFRAN does not generally cause sedation.'? 


I ZOFRAN does not contribute to the diarrhea sometimes seen with cancer 
chemotherapy.’ 


M ZOFRAN is easily administered in three intravenous 0.15-mg/kg doses: 


2 mg/mL 
20-mL Multi-dose Vial 


Please consult Brief Summary of Prescribing Information and references 
 onlest page of this advertisement. 
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INJECTION 












8:30 
emetogenic 0.15 mg/kg ) 
^ over 15 minutes, chemotherapy Over 
= 30 minutes 15 minutes, 15 minutes, 
before 4 hours 8 hours 
® $ 
ZOFRAN“ Injection emetogenic after first dose after first dose 
2 mg/mL chemotherapy of ZOFRAN of ZOFRAN 
20-mL Multi-dose Vial 
Zofran* BRIEF SUMMARY Gastrointestinal: Constipation has been reported in 11% of chemotherapy patients 
(ondansetron hydrochloride) receiving multi-day ondansetron. 
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An - Disease, as Yet: Uncured 






The fire cases of the so-called town-gown syndrome were 
. 4 alleged to have occurred in the 18th century, when the 

first universities were founded. Throughout the more or less 
civilized parts of Central and Western Europe, these institu- 
tions proliferated, creating the environment for frequent out- 
breaks of violence and rioting among students, faculty, and 
neighboring townspeople. During the next three or four cen- 
turies, the disease finally remitted as communities realized 
that having a university in their midst was not only an eco- 
nomic but an intellectual boon, and the students and faculty, 
although somewhat unruly, stopped laying waste to the adja- 
cent villages (except for a few Ivy League universities). 

The syncrome waned and largely disappeared in the rest of 
the civilized world, but, unfortunately, there has been a 











"recent exaeerbation of this troublesome ailment.” It is fair to 
-say that the town-gown syndromei is essentially limited to the 


‘medical profession and is not observed in other disciplines 
eharacterized by graduate education and practice in commu- 
nities, as exemplified by architecture, engineering, or even, 
strangely enough, law. It would be hard to conceive of any 
serious cortpetition or hostility arising between those who 
teach these disciplines and those who practice them. Unfortu- 
nately, such is not the case in medicine, and the disease is as 

. Severe, or perhaps worse, in surgery as it is in other 
| Ernest : 


to epidemiology. The first Wn least. common, 
times signi ficant, is the intramural Dd in 


xpression of the ncque the usine té eom- 
je intensely competitive atmosphere that often 
niversity hospitals and community hospitals 
1 er. E An c expensive, and potentially 





— senior members of the teach 


_ has instituted for salaried faculty numbers is that there sh 


ried surgeon for each chief resident graduating in any given 





destructive campaign to recruit patients is commonplace. =o 
This is reflected not only in the attitudes of both university — 
and community physicians, but also in the attitudes of deans, 
departmen: chairpersons, administrators, and marketers. As 
lasers, laparoscopic choleeystectomy, cardiac surgery, and E 
other lucrative, highly technologie endeavorssttraetinereas- . 
ing attention from comptrollers and accountants inallhospi- = 
tals, we must presume that institutional competition will 
intensify. eiae 
In all fairness, this competition is equally ifnot more keenly _ : 
observed between community hospitals. Unfortunately, itis |.  . 
easier to identify the players when university location, faeul- = 
ty membership, and community hospital staff affiliation and |. 
loyalties are so readily apparent. It is important foralleon- |. 
cerned to separate institutional marketing initiatives from = 
quality evaluation of physicians. High-quality patient care iB 
provided in both arenas, and competition is now a way of 
medical life, not a cause for strife. P 
The third, and perhaps most subtle and troubling variation: 2 
of all, is that which has sprung up in major community hospi- - 
tals that have a strong dedication to teaching students and | 
house officers. Departments of surgery in large community 
hospitals, heavily committed to providing high-quality tertia- 
ry care as well as maintaining strong teaching programs, have 
been required by surgical acerediting agencies to recruit fu 
time salaried teaching staff members. Of the 280 surgie 
residencies in the United States, more than half are located 
such major hospitals, almost all of which have some universi 
ties, but all have as a primary focus the provision of high- 
quality patient care. Most of these hospitals have existed for 
decades, growing in size, complexity, and sophistication. 
Many surgical staff members were trained there and are now 






































the quality of their institution “end a fierce loyalty to t 
system in which they gained expertise, i ie, the fee-for-servic 
private practice setting. 

Onto this scene, howevel- varying numbers of salaried 
teaching staff have recently been grafted. The current re- 
quirement that the Residency Review Committee in Surgery y 


be a salaried chairperson and one geographic full-time sal 


year.' The majority of these programs graduate between t 
and six residents each year, and the advent of three to sev 
full-time salaried faculty members (or full-time equivalen 
for part-time faculty members) has created an intramural 
stratification of interests, motivation, and outlook that i ls the 
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causative virus of the town-gown syndrome in major universi- 
ty-affiliated teaching hospitals. 

Having been s close observer of and struggling therapist 
for all three types of town-gown syndrome, I find it difficult 
not to be persuaded that the third type is the most complex, 
wherein hospital salaried teaching staff and voluntary teach- 
ing staff coexist. Discussions with colleagues in similar set- 
tings in institutiens from various parts ef the country make 
the case that the problems are uncannily similar, with no 

geographic predilection. There are twe basic issues from 

which conflict arises, both of which should be readily ad- 

dressed, but neither of which is addressed with any frequen- 

cy. The symptoms are frequently very subtle, may be hidden 

. for periods. but then resurface, often in an explosive exacer- 

= bation of political activity, usually precipitated by minor 
stimuli. 

ECONOMIC CONFLICT 


The advent of a full-time faculty member cannot and would 
not, in and by itself, create anxiety on the part of the volun- 
tary faculty, since it is crystal clear that effective administra- 
tion and teaching ‘eave so little time for patient care that the 
economic threat. is essentially nonexistent. However, the 
subsequent need to recruit other full-time faculty members to 
satisfy the requirements for maintaining modern surgical 
residency programs creates turmoil and lends credence to the 
most commenly enunciated concern of voluntary faculty; to 
wit, “This hospital is going into the private practice of medi- 
cine, and everyone will work for the hospital before long.” 

. Infact, even when salaried teaching staff are added to other 
departments, the repercussions are often felt among volun- 
tary surgical teaching faculty. They view the acquisition of 
new faculty members as further eviderce that the private 
practice of surgery is being subverted to hospital control. 
Paradoxically, administration rarely views its full-time facul- 
ty as an asset, but rather as a liability. In the current cost- 
containment frenzy, administrators see the educational en- 
terprise as an inordinate expense that may require 
rethinking. 

On the other hand, the salaried teachirg faculty do develop 

a practice of some kind, sometimes because of pressure from 

the institution to help offset salaries and other teaching costs, 

but more frequently so that the teaching of surgery does not 

become a classrocm exercise for the salaried faculty. Teach- 

ing surgical principles must be done at the bedside and in the 

operating room, where it properly belongs. Several surveys 

conducted in institutions with active teaching programs have 

< shown that the advent of new faculty, specifically those with 

... unique or special skills and training, increases the total num- 

 .ber of patients in that discipline rather than resulting in 

- Salaried faculty providing care for patients previously treated 

< by voluntary faculty. A standard formula has been developed, 

namely, any single practitioner of surgery contributes no 

more (and often less) than one patient per year to the teaching 

faeulty's volume. The majority of patients whom the teaching 

urgeon treats are new patients from outaide the community, 

indigent patients, or patients supported by publie agencies 

for whom the payment fer services is zt an extremely low 
level. 

LACK OF MUTUAL RESPECT AND COMMUNICATION 


Possibly the more basic area of conflict between the volun- 
tary teaching faculty and the salaried teaching faculty is the 
unfortunate laek of mutual respect that is periodically, and 
sometimes consistently, demonstrated by both sides.’ The 

salaried teaching faculty is made up of individuals who may 
have spent much, if not all, of their careers in the academic 
. university setting with a major focus on teaching and research 
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as well as patient care. These individuals often adhere to the 
interesting and erroneous tenet that the academic setting is 
the only place in which high-quality surgery is practiced. 

The voluntary faculty, either for reasons of ingrained prej- 
udice or in response to an accurate perception of the teaching 
faculty's attitudes, immediately dismisses the full-time facul- 
ty member as an individual with weak clinical skills, no real 
interest in patient welfare, and a dedication to travel, writing 
articles, and other nonclinical pursuits. Unfortunately, the 
house staff is the usual focal point for airing these views, 
although operating room nurses, administrators, and other 
more or less interested observers may also be subject to 
publ: airing of biases. 

Obviously, neither attitude is correct; both are born of 
unreasonable prejudices that discredit the individual teacher, 
and the net effect is that internal strife is heightened. This is 
inimical to the health of the department, to the institution, 
and, most importantly, to the residents who are confused and 
often adversely affected by what is perceived as antagonism 
between two camps. 

The cure is simple in concept but difficult toimplement. The 
real tragedy is that both groups are dedicated to the same 
objectives, namely, to provide the highest quality patient 
care and the most effective milieu and substantial teaching 
program possible. Because both parties have the same objec- 
tives, it is difficult to comprehend why intelligent surgeons of 
good faith should not always be able to correct the mispercep- 
tions and iron out their differences through open, frank 
communication, 

The most important aspect of this form of the syndrome is 
the lack of mutual respect. Academicians can remain as aca- 
demic as they like, administer departments in an effective 
way, and achieve all of the necessary goals to guarantee a 
high y effective and desirable residency training program, 
but they ean only do so with the full cooperation and help of 
their community practitioner colleagues. In fact, the opera- 
tive word is colleague, not adversary. The voluntary staff 
must play a major role in departmental administration and in 
setting teaching policy, as well as having full responsibility for 
a very significant segment of the teaching load. 

In most nonuniversity teaching hospitals, residents spend 
75% or more of their time with the voluntary faculty from 
whom they learn much of their surgical technique (which is 
generally equal to and often superior to that found in universi- 
ty hospitals, not only because of the high volume of patients, 
but also because of the dedication demonstrated by voluntary 
teaching faeulty in the operating room). On the other hand, 
the voluntary faculty must accept the notion that "the good 
old days," which really were not that good, are gone and that 
current concepts of surgical education require a major com- 
mitment to teaching basic science, to the application of basic 
science to clinical surgery (applied science), and to clinical and 
laboratory research. Teaching rounds, intensive care unit 
activities, and a number of other intellectual pursuits have 
reached the same importance in surgical education as have 
technical skills. | 

The solution to the financial competition issue, which on the 
surface appears to be important but from a logical standpoint 
is not, is less obvious. It is difficult not to be persuaded that 
large hospitals are anxious to increase their influence in the 
community to increase market share. In actuality, every 
hospital, including those currently showing a significant prof- 
it margin, anticipates diminishing revenues, higher costs, and 
shrinking endowments. As interest rates fall, so does the 
confidence of the concerned administrator in his or her ability 
to cantain costs and ensure financial security for the future. 
Teaching programs are extremely expensive. Faculty sala- 
ries are an important component of those expenses, and it is 
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private practice of medicine. Some institutions 





th joint ventures with physicians, but reletively 
: ving to be réally profitable, and all have the major 

pose of filling hospital beds. The latter goal, bringing more 
: patieris: into the hospital, will be of benefit to all surgical 
| practitioners, whether voluntary or salaried. 

The town-gown syndrome has reached areas in American 
surgery that were immune 20 years ago, having developed in 
major community hospitals as a result of national trends in 
surgical education. The two groups must learn to live with and 
respect each other or the surgical educational enterprise will 
be limited to university hospitals to the detriment of the 
entire system. This would change the entire flavor of surgical 
education a and, of course, would have a negative impact on the 
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2 als. Infact, there is little question that the volume of surgery 
2 dn all university hospitals could not begin to provide a reason- 





ly that the institution wants to expand its influ- l 


d into primary care satellite or outreach sites, . 


quality of patient care offered by community teaching hospi- ` 


die experience for the number of surgeons required; clearly, i 
the wealth of clinical material available to surgical trainees in 
major community hospitals from both a technical and non=: 
technieal standpoint cannot be duplicated within universities 
alone." It is certainly high time for each group to recognize the 
other's worth and for the disease to be eradicated by mutual: 
concern, respect, and free and intelligent interchange of 
ideas. T x 
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Graduate Surgical Education From a “Town’ Perspective 





n the 1250s when surgical residents graduated from 
A their programs, the pace of graduate surgical education 
— wasata fevered pitch. These were the postwar years, when 
enormous strides in education and research were made 
. almost daily Researeh was well funded from almost all 
- agencies, especially from the federal government. In those 
years, it seemed that all residents were turned out with 
excellent eredentials to enter academia; however, soon 
there were not enough academic vacancies for the number 
of applicants. 








See also p 285. 














wivate practice (town) and soon helped to develop 
ic environment within the confines of private 
nstitutions. The enthusiasm from the medical 
ment spilled into the private practice arena. 
at reservoirs of clinical material and, in many 





' eh laboratories that. were instrumental in 


many of us continued with a never-ending appetite for 
involvemert, not only in clinical practice, but also in 
researeh and education. Parenthetically, since each of us 
has to lay the responsibility for our background training 
















| owe this credit for my pursuit of practice, 
nd research to the early encouragement and 
g support of Ben Eiseman, MD, who was 


| March 1991 


D Consequently many of these residents (myself included) 


some rivals institutions developed well-run i 


5 ut this background of initial impetus that - 


aed future aspirations at the feet of one or more of our - 


chairman in both general and thoracic/cardio- 


By the beginning of the 1980s, the results of constraints 
on physician and health care reimbursement by external — 
sources, including the federal government, state and local ^. : 
goverments, third-party payers, and other organizations, 
became evident. Along with this came a marked decrease — — 
in federal funding for research. Consequently, residents — 
finishing their training began to seek positions in private — 
practice, partly because of the need to pay back loans, — 
educate children, and plan for retirement. The fundirg of 
research began to change distinctly from federal sources 
to national and local foundations and industry. | 

Concomitantly, during the last 2 to 3 decades, many 
nonaffiliated surgical residency programs failed to achieve : 
continued accreditation because of inadequate trainin 
programs, a substandard academic environment, little or 
no research, and escalating costs to their parent institu- 
tions. In spite of this, a few of these programs have survived 
and flourished. Those programs that have survived, as a 
rule, have had good support from their parent institutions 
and access to research facilities. They have-continued with 
well-rounded training programs, developed excellent aca- 
demic curricula, and have a good track record of their 
graduates’ noteworthy performances on beard examina- 
tions. | 
With this ever-changing scenario as a backdrop, I contin- 
ued to try to satisfy my thirst for involvement by partici- 
pating in all local activities involving both scientifie pro- 
grams and organized medicine. Because of the rapidly 
changing arena of medical socioeconomics, this has bee 
an invaluable vantage point for me. From the Presidene 
of the County Medical Society, it was an easy step i 
become President of the State Medical Society. Thereafte 
involvement at various levels of the American Medical 
Association gave me an overview and perspective of organ- 
ized medicine and how I might help maintain quality in 
medical education and access to medical care, and at. the 
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u ge of Chest Physicians to the 
Society of Thoracic Surgeons. 7 


_ Being involved only with societies of organized medicine - 
. and professional specialties would be an incomplete expe- 


 rience for the well-rounded clinician/academician. Fortu- 
nately, again in a parallel fashion, becoming a director of 
_ the American Board of Thoracic Surgery and a member of 
. the Residency Review Committees of both surgery and 
thoracic surgery has helped me immensely in developing a 
global perspective of graduate medical edueation, the 
clinical practice of medicine, and the involvement in re- 
search, as well as helped me maintain a grasp of the 
. enormous socioeconomic changes that have developed con- 
currently, 


LEVELS OF INVOLVEMENT 


. Individuals, whether they come from an academic (gown) 
. Or private practice (town) environment, may become in- 
.. volved in medical organizations and education to any degree 

that they see fit and for which they are qualified. Contrary 


-to popular belief, tewn involvement and gown involvement 


.. are not mutually exclusive terms. There is, and always will 
. Me, ample opportunity for involvement in both areas by 


. anyone with proper motivation. Just.as some town surgeons 


. have maintained a purely clinical practice aside from any 
-academie involvement, so also have some university insti- 

tutions seen their faculty members totally removed from 
_ the community. This is particularly deleterious if the 
individual happens.to be chairman cf a department or is in 
a policy-making position. Conversely, some academic fac- 
ulty members have become so involved in private practice 
(sometimes for economic reasons) that this has not always 
been to the benefit of a residency training program. 


RESPONSIBILITIES 


Just as the academie surgeon has a responsibility to be 
involved in the community and to involve community 


.  . Surgeons in the training of residents, so does the town 


surgeon have the responsibility to support education for 


i academic excellence, to be a productive contributor to 





288 — Arch Surg— Vol 126, March 1991 





‘some form of his or her practice, and to support graduate 
— training for successors. Pus 


OBLIGATIONS 
Both the representatives of the academic area and 


private practice have mutual obligations to eooperate and 
Support one another. Only in so doing can individuals fulfill 


their responsibilities and try to achieve the perceived 
objectives for existence. 


REWARDS 


The rewards of a cooperative effort between an academic 
institution and a community-based physician population 
are enormous. Not only will patient care and graduate 
surgical education be enhanced, but totally different and 
necessary perspectives will be brought to bear on all of the 
areas of health eare provision. The dividing line between 
town and gown, which previously was so sharp and heavily 
defined, is no longer clearly demarcated. Some academic 
institutions have enlarged their private practice potential 
to such an extent as to emulate their community counter- 
parts. Conversely, some of our major private institutions 
have developed extremely well-organized productive grad- 
uate training programs and certainly have all of the aura 
of towers of academic excellence. Perhaps this is the way 
it should be. If so, then it is attributable in no small 
measure to the desires, motivations, and aims of individuals 
who dislike the distinction of being classified on either side 
of the town-gown line. 


ADDENDUM 


Since writing this brief commentary, I have reflected on 
the frequent use and objectionable connotation of the terms 
town and gown. Why this terminology was ever allowed to 
persist is not easily explained, and its persistence in our 
language is destruetive. I prefer to look on all of us as 
physicians/surgeons, either medical-school based or com- 
munity based. This connotation would lessen the compart- 
mentalization that is implicit in town and gown. If we look 
at ourselves as simply being based in one area or the other, 
then we avoid the artificial boundary that tends to separate 
us. 

W. G&RALD Rainer, MD, MS 
Denver, Colo 
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Arteries for Trauma 
William R. Fry, MD; Richard E. Fry, MD; William J. Fry, MD 


: * Traumetic injuries to the abdominal arteries require opera- 
tive exposures that allow for flexible repair. Dividing the abdomi- 
- nal arterial tree into four zones, based on exposure, provides 
d sxpediens and precise repair of all major abdominal arteries. 
| Wes Surg . 1991; 126:289-291) 








i e perative exposure of the abdominal arteries for trauma 
b must be expedient and provide a wide operative field. 
Since the best therapeutie intervention may not be known 
until the area of injury is exposed, the ability to preserve 
rn flexibility with respect to reconstruetive options is essential. 
‘To clarify what is often perceived as complex anatomy and 
difficult. operative exposure, we have found it helpful to divide 
-the abdominal arterial tree into four anatomic zones. This 
a classification allows for rapid and precise exposure of all 
majorintr -abdominal arteries. 
ZONE 1 
udes the suprarenal sorta, the celiac axis, the 
teric artery, and the left renal artery (Fig 1).' 


re of these vessels can be achieved by dividing 
reflection over the descending colon, the splen- 
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ent-e ibling team article is the continuation of a series published in the ARCHIVES 
from curren : itsurgical families in which our discipline has been successtully replicated. 





. Operative Exposure of the Abdominal 


ic flexure, and the peritoneum that attaches the spleen tc the —_ 
diaphragm. The peritoneum is further divided as it reflects — — 
over the fundus of the stomach. This allows careful mobiliza- |. 
tion of the spleen, stomach, and left colon tothe midline By — 
dividing the splenorenal attachments, the left kidney isleftin 
its anatomic location as the spleen, pancreas, andstomacbare — 
reflected to the right. This exposes the posterior surface of 
the colon, the pancreas, and the stomach. By dividing the — 
loose areolar tissue of this posterior fusion fascia, these or- |. 
gans may be reflected toward and beyond the-midline. VIS 

Generally, the kidney should be left within Gerota’ fascia. —— 
The supraceliac aorta, celiac axis, and superior mesenteric 
artery can now easily be exposed. The supraceliac aorta from 
the level of the superior mesenteric artery upward is covered - 
with the left crus of the diaphragm. This can be divided to 
provide exposure of the aorta from the vertebral level of T8 to 
the level of the left renal artery. The spleen is now on the. 
surface in the midline, and great care should be taken to avoid. 
injury to this organ by excessive traction or compression. 

To provide control of the thoracic aorta at a higher level, the. 
laparotomy incision is extended into the left chest. The dia- 
phragm is incised along its attachments to theribs in a circum- - 
ferential manner. This allows entrance into the left chest with. 
preservation of the diaphragmatic blood supply and innerva- 
tion. If access to the left posterolateral aorta is required, the 
kidney, along with its enveiope of Gerota'* fascia, may be. 
reflected medially with the rest of the viscera. Mobilizatien of. 
the left kidney posterior to Gerota's fascia allows preserva 
tion of collateral arterial circulation from the lumbar and. 
ureteral arteries as well as venous drainage. This then af- 
fords visualization of the aorta from the vertebral level cf T 
to the infrarenal aorta just below the origin o? the left rena 
artery. : 




















ZONE 2 


Zone 2 includes the right renal artery, the right side of rhe. 
suprarenal aorta, the proximal right side of the superio 
mesenterie artery, and the common hepatic artery (Fig 2) 
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Fig 1.—Exposure of zone 1 abdominal arteries, including the suprare- 
nal and supraceliac aorta, the celiac axis, the superior mesenteric 
artery, and the left renal artery. To adequately expose this zone, the 
retroperitoneal gastric fundus must be mobilized. Top left, Arrow 
indicates incision of the peritoneal reflection; the viscera is rotated to 
the right. The figure enclosed in the box shows vessel exposure 
following division of the aortic hiatus. Bottom, By rotation of the left 
kidney, the posterolateral surface of the aorta is exposed. 
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Fig 2.— Exposure of zone 2 abdominal arteries, including the right 
renal artery, the hepatic artery, the superior mesenteric artery, and the 
right side of the suprarenal aorta. Arrow indicates that the viscera is 
rotated to the left. 


Fig 3.— Exposure of zone 3 abdominal arteries, including the infra- 
renal aorta, the inferior mesenteric artery, and the proximal common 


iliac arteries. Arrow indicates that the viscera is rotated to the right 1 


upper quadrant. 





Fig 4.— Exposure of zone 4 abdominal arteries. The arteries exposed 
include the distal common iliac arteries, the internal iliac arteries, and 
the external iliac arteries. 


Exposure of the right renal artery can be accomplished by 
incision of the peritoneal reflections of the right colon and 
hepatic flexure. This is reflected medially, exposing the duo- 
denum. The peritoneal reflection over the second and third 
portions of the duodenum is incised and a Kocher maneuver is 
performed to reflect the duodenum and the head of the pan- 
creas to the midline. These maneuvers expose the inferior 
vena cava, the right renal vein, and the origin of the left renal 
vein. 

The origin of the right renal artery can now be exposed with 
mobilizatien of the inferior vena cava. The origin of the superi- 
or mesenteric artery may also be exposed with this tech- 
nique. The common hepatic artery lies in the supraduodenal 
space and is exposed by reflecting the duodenum downward 
and incising the peritoneum in the lesser omentum. The com- 
mon hepatic artery lies just cephalad to the distal lesser 
curvature of the stomach, and the right gastric artery is its 
first branch. The gastroduodenal artery is the second branch. 
This artery courses behind the first portion of the duodenum. 
The hepatic artery then courses cephalad toward the liver on 
the medial side of the porta hepatus. 
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ZONE 3 


Zone 3 includes the infrarenal aorta, the inferior meserter- 
ic artery, and the proximal common iliac arteries (Fig 3). 
Access to this portion of the abdominal arteries can be ga.ned 
by rotating the small bowel to the right upper quadrant. This 
exposes the third and fourth portions ofthe duodenum overly- 
ing the aorta. The peritoneal reflection covering the inferior 
aspect of the duodenum is divided close to the duodenum 
where a relatively avascular plane exists. This is carried 
cephalad along the fourth portion of the duodenum with divi- 
sion of the ligament of Treitz. This approach avoids injury to 
the inferior mesenteric vessels and left colonie mesentery. 
The duodenum and pancreas can then be mobilized cephalad 
to the level of, and often above, the left renal vein. The left 
renal vein can be divided, if necessary, to gain prox mal 
exposure. The left renal vein should be divided as close to the 
vena cava as possible to avoid interrupting the collateral 
venous drainage. With this maneuver, the suprarenal aorta 
may be controlled. The infrarenal aorta can now be visual- 
ized along its entire length as well as the proximal common 
iliac arteries. 


ZONE 4 


Zone 4 includes the distal common iliac arteries and the 
internal and external iliac arteries (Fig 4). Access to these 
arteries may require no visceral mobilization. Typically, the 
‘leocecal valve lies over the right iliac bifureation. Thus, it 
may be necessary to mobilize the cecum cephalad to gain 
adequate exposure to the right iliac system. The bifurcatien of 
the left iliac artery is usually covered by the mesentery o? the 
sigmoid colon. Rather than divide this mesentery, greater 
exposure can be gained by reflecting the sigmoid colon and 
distal descending colon medially. This will facilitate exposure 
of the left internal iliac artery as well as the left external iliac 
artery to the level of the inguinal ligament. 
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for Trauma Patients 


‘© A survey of the Washington State Chapter of the American 
-- College of Surgeons was undertaken to document the opinions 
. -Of surgeons on trauma care issues. Thirty-nine percent of the 
.. fotaisample of surgeons who responded would prefer nottotreat 
,, any trauma patients. These surgeons were more likely to be 
_.. Older, to practice in an urban setting, to feel that trauma call has a 
_ negative Impact on elective practice, and to believe more strong- 
: ly that reimbursement from trauma patients is not equal to that of 
nontrauma patients. They also agreed more strongly with the 
Statements that these patients require a creater time commit- 
ment anc pose an increased medicolegal risk, The most signifi- 
cant influence on preference not to treat trauma patients was 
exerted by the perception of a negative impact on practice, older 
age, and perception of increased medicolegal risk. Reimburse- 
ment issues and location of practice were less influential factors. 
This information can be used to target concerns and barriers to 
, active, willing participation in à trauma care system and to tailor 
strategies tc deal with themeffectively. 
(Arch Surg. 1991:126:292-297) 



















e A number of studies have documented the efficacy of a 
/. & à regionalized trauma system and have demonstrated that 
preventable trauma deaths can be reduced signifieantly after 
. institution of such systems.'^ Regionalization requires that 
. many interdependent components be functional and effecti ve. 
-A major component. of the system is a sufficient pool of sur- 
geors who are dedicated to the care of the injured patient. 

. Thereare many interacting socioeconomic and legal factors 
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injured patient include disruption of an elective surgical prac- 
tice, higher acuity level of the trauma patient, low-reimburse- 
ment rates, liability risk, and increased cost of malpractice 
premiums. Regardless of whether problems in these areas 
truly exist, the surgeon’s perception of the above issues wil] 
greatly influence his or her willingness to participate in a 
regionalized trauma system. 

This study documents the opinions of surgeons on such 
issues. It surveys surgeons involved and not involved in trau- 
ma care across an entire state and attempts to identify factors 
associated with a reluctance to treat trauma patients. 

These data can be used to target concerns and barriers to 
active, willing participation ina trauma care system and tailor 
strategies to deal with them effectively. Misconceptions, mis- 
understandings, and solutions to actual or perceived prob- 
lems can be addressed by educational programs based on facts 
and current literature. Appropriate organized medical influ- 
ence and legislative involvement should also be solicited. 
These approaches can serve to enhance the commitment ofthe 
surgeon to the severely injured patient and aid implementa- 
tion cf a successful regionalized trauma care system. 


MATERIALS AND METHODS 
All surgeons on the mailing list of the Washington State Chapter of 


the American College of Surgeons were surveyed with regard to 


trauma care-related issues. The mailing list encompassed members 
who represented general surgery and 12 other surgical specialties. 


-Board certification or eligibility is required for membership in the 
College or its Candidate group. Affiliate members, predominantly 


surgical residents, were included. Individuals associated with the 
study and those who were not currently practicing in the state were 
excluded from the mailings. An initial mailing and one follow-up 
mailing were conducted 1 month apart. Questionnaires were 


anonymous. 


The survey tool consisted of a questionnaire that contained 54 - 

tained to age, specialty, location of practice, 
ber of procedures performed, and 

ier trauma-related topics. Those 






to treat adult, pediatric, or no trauma patients; if they would continue 
to take trauma call if it were not obligatory; and whether trauma call 
coverage had a positive, negative, or no impact on their practice. 
Finally, participants were asked to express their degree of agree- 
ment or disagreement with statements on time commitment and 
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Table 1.— Preference to Treat Trauma Patients 


Children 
Only 










Adults 


Specialty* Only 





*GS indicates general surgeons; NS,neurosurgeons; and Ortho, orthopedic 


surgeons. 
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Fig 1.—Urban/rural variation in preference of surgeons to treat trauma 
patients. 


reimbursement rates in trauma care relative to elective care and the 
medicolegal risk of trauma patients. Responses to these items could 
range from strongly agree to strongly disagree. 

Questionnaires from respondents who stated that they were re- 
tired or which contained no answers were excluded from analysis. x" 
and P values were calculated, where appropriate. P<.05 was consid- 
ered statistically significant. Multivariate, stepwise linear regression 
analysis was also performed. The dependent variable was preference 
to treat trauma patients. Predictor variables analyzed were age, 
location of praetice (urban or rural), dissimilar reimbursement, medi- 
colegal risk, impact on practice, and time commitment. 


RESULTS 


According to 1986 estimates by the American Medical As- 
sociation, Chicago, Ill, there were 2128 self-designated, 
board-eligible, or certified surgical specialists who were re- 
siding in the state of Washington. Seven hundred fifty-four 
questionnaires were mailed. Four hundred ninety were re- 
turned giving a response rate of 65%. Sixty-seven question- 
naires were returned with no information or from respon- 
dents whe had retired. These were excluded, leaving 423 
questionnaires for analysis. 

Fifty-nine percent of respondents were general surgeons, 
5% were orthopedic surgeons, 4% were neurosurgeons, and 
32% listed themselves among other surgical specialties, most 
commonly including ophthalmology, urology, otolaryngolo- 
gy, and plastic surgery. This distribution parallels that in the 
state and the total American College of Surgeons member 
sample. 

Respondents most frequently reported being between the 
ages of 41 and 50 years, as given in the following age 
distribution: 
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Table 2.— Impact of Trauma Care on Private Practice 


Impact on Practice, % 


Negative 











Specialty* Positive 


Ortho 41 27 32 
Other 29 33 38 
*GS indicates general surgeons; NS, neurosurgeons; anc Ortho, orthapedic 
surgeons. 
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Fig 2.—Age distribution of surgeons by preference to treat trauma 
patients. 


<30 30-40 


Age Range, y % of Respondents 
<30 2 
30-40 28 
41-50 85 
51-60 24 
61-70 9 


Eight percent of respondents practiced in hospitals that were 
classified as rural by the Washington State Health Coorcinat- 
ing Council and 9296 of respondents reported that they 
practiced in urban hospitals. 

Thirty-nine percent of all respondents expressed a prefer- 
ence not to treat any trauma patients (Table 1). Forty-three 
percent of general surgeons and neurosurgeons preferred not 
to treat trauma patients compared with only 14% of orthope- 
dic surgeons. This preference not to treat trauma patients 
seemed to show some urban-rural variation (Fig 1) Forty 
percent of surgeons who were practicing in an urban setting 
preferred not to treat any trauma patients, while only 2796 of 
rural surgeons expressed such a reluctance (P=.19). Those 
surgeons who expressed a preference not to treat any trauma 
patients also tended to be older, with their distribution peak- 
ing at a higher age (Fig 2). 

Trauma call coverage was felt to have a negative impact on 
practice by 4496 of surgeons who responded (Table 2). This 
figure was 50% among general surgeons, 56% among neuro- 
surgeons, and 2796 among orthopedic surgeons. Thirty per- 
cent of the entire sample of surgeons who responded would 
not take trauma call if such coverage were not mandatery at 
their hospital. In urban areas, this figure was 3176 compared 
with 796 in rural areas; however, this difference was not 
statistically significant (P = .9). 
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Table 3.— Effect of the Perceived Practice Impact of Trauma 
Care on Preference to Treat Trauma Patients 






Willingness to Treat, % 









Yes No 
Pcsitive 90 
Negative 38 62 


None 69 31 
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Fig 3. — Effect of perceived time commitment. Distribution of respons- 
es regarding the statement: "Trauma cases require a greater time 
commitment than do elective cases." 


Table 4. —Reported Compensation for Trauma Care 


Reported Compensation, % 


LL aaaaalŘħŘħŘħĀōĖ 
Specialty* <25 >50 


*GS indicates general surgeons: NS, neurosurgeons; and Ortho, orthopedic 
surgeons. 


The impact of trauma call coverage on practice seemed to be 
the major faetor that influenced a willingness to treat trauma 
patients (Table 3). Ninety percent of those respondents who 
felt that it had a positive impact on practice preferred to treat 
trauma patients, while only 38% of those who felt that it had a 
negative impact expressed such a preference (P<.001). Of 
those surgeons who felt that it had no impact, 69% preferred 
to treat trauma patients. 

Time commitment required for care of trauma patients 
compared with other patients who undergo surgery seemed 
to influence 2 preference not to treat as well (Fig 3). While the 
majority of all respondents (91%) agreed that trauma care 
requires a greater time commitment, those with a preference 
not to treat tended to agree more strongly (P<.02). The 
amount of inzensive care unit treatment required by trauma 
patierts may be a faetor in the perception of an increased time 
commitment and thereby influence the preference to treat. Of 
those who expressed a preference to treat trauma patients, 
47% reported 24-hour coverage of their intensive care unit by 
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Fig 4.—Effect of compensation. Distribution of responses to the ques- 
tion: “The approximate percentage of trauma patients for whom you 
received compensation was?” 





Table 5.—Reported Compensation Rate and 
Preference to Treat 







Reported Rate of 
Cempensation 
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Fig 5.—Effect of reduced reimbursement. Distribution of responses to 
the statement: "In your community, the rate of reimbursement is similar 
for trauma patients and elective patients." 


in-house physicians as opposed to 39% among those who 
preferred not to treat (P<.001), 

Reported compensation by trauma patients was uniformly 
low (Table 4). Sixty-eight percent of all respondents reported 
that less than 2596 of the trauma patients they treated within 
the past year compensated them. Only 17% reported a com- 
pensation rate greater than 50%. The effect of compensation 
rate or the preference to treat trauma patients was examined 
(Fig 4). Preference to treat or not treat did not show an 
assoeiation with reported compensation (Table 5). 
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Table 6.—Response to the Statement: Trauma Care 
Increases Malpractice Risk 
% 
co  _ ee eRe 


Disagree 





*GS indicates general surgeons; NS, neurosurgeons, and Ortho, orthopedic 
surgeons. 
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Fig 6.— Effect of perceived medicolegal risk. Distribution of responses 
to the statement: “The trauma patient poses an increased medicolegal 
risk.” 


Perception of dissimilar reimbursement between elective 
patients and trauma patients who do pay seemed to be more of 
an influence on the preference not to treat than the absolute 
compensation (Fig 5). While the majority of respondents 
(71%) disagreed that reimbursement was similar, those who 
preferred not to treat trauma patients were more likely to 
disagree strongly (P<.03). Those who agreed that reim- 
bursement was similar were more likely to have a preference 
for treating trauma patients (P<.001). 

Eighty-three percent of all respondents thought that car- 
ing for the trauma patients posed an increased medicolegal 
risk (Table 6). Again, those respondents who preferred not to 
treat tended to have stronger convictions on this issue 
(P<.001), while those with neutral opinions were much more 
likely to treat trauma patients (P<.001) (Fig 6). 

Finally, stepwise linear regression analysis of the data 
revealed that the most significant influence on preference not 
to treat trauma patients was exerted by the perception of a 
negative impact on practice, older age, and perception of 
increased medicolegal risk —in that order. Time commitment, 
dissimilar reimbursement patterns, and location of practice 
were not significant factors in explaining the difference be- 
tween a preference to treat or not to treat trauma patients. 


COMMENT 


Trauma has long been a neglected disease, both by the 
public and the medical community.*^ Physicians have tradi- 
tionally held a negative attitude toward the entity of trauma 
as a disease, as well as toward the trauma patient. Reasons 

for this are numerous and, in some cases, may be justified. 
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Only recently has traumatology and the concept of system- 
atized care come into vogue in this country. This is a result of 
increased awareness of the magnitude of the problem and the 
socioeconomic impact of preventable death and disability." 

The findings from this study affirm that despite a trend in 
sentiment among the public and medical community that 
trauma care needs improvement, a significant negative atti- 
tude toward trauma patients and a preference not to treat 
them continue to exist among a sizable proportion of sur- 
geons. This ultimately will stand as a barrier to attempts at 
providing optimal care to the trauma patient. 

The results of this survey suggest that this unfavorable 
posture among surgeons is associated with age of the surgeon 
and the perception that these patients have a negative impact 
on practice. Location of practice in an urban setting also has a 
tendency to influence preference not to treat. Trauma pa- 
tients are felt to require a greater time commitment, pose an 
increased medicolegal risk, and provide less reimbursement. 
The difference between a preference to treat or not treat may 
be one of degree of conviction rather than absolute percep- 
tion. This is suggested by the fact that a great number of 
surgeons, despite negative perceptions of reimbursement 
and medicolegal risk, continue to express a preference to 
treat trauma patients. 

Strategies to deal with such convictions, concerns, and 
barriers to active, willing participation in trauma care require 
accurate data on which to base educational programs. Previd- 
ing facts that will correct any fallacious assumptions may 
serve to lessen the strength of negative convictions and there- 
by decrease the reluctance to treat trauma patients. Legisla- 
tive or other sociologic approaches may be necessary te ad- 
dress true problems and inequities encountered by those who 
care for the injured patient. 

Unfortunately, little literature exists to corroborate or 
refute the perceptions held by surgeons in this study. The 
reluctance to treat trauma patients and, generally, a more 
positive attitude toward them held by rural surgeons may be a 
function of a different surgeon population, patient population, 
or both, but this has not been studied. 

Whether the association between increasing age and a 
preference not to treat is related either to younger surgeons 
being more energetic or rather the need to increase their 
fledgling practices is not known. Personal experience would 
certainly seem to suggest that it gets harder to get out of bed 
at 3 AM as one grows older! Older surgeons may also not feel 
confident in dealing with the advanced critical care technol- 
ogy that is required by many of these patients and, therefore, 
are less likely to prefer treating them. An influence of time 
commitment and technology is suggested by differences in a 
preference to treat associated with 24-hour intensive care 
unit physician staffing, but no hard data have been generated 
in this area. 

Trauma care may impact on practice via time factors, finan- 
cial means, office management, or scheduling. It may also 
have an effect on office environment, physican image, and in 
other less tangible ways. Studies documenting these factors 
and their actual impact have not been done. 

An association of older age and negative impact on private 
practice with a reluctance to treat trauma patients highlights 
a potential barrier that is not insurmountable. This finding 
suggests that recruitment of young surgeons with an interest 
in trauma and critical care to be hospital staff surgeons, 
subsidized by the hospital or the system, may be warranted. 
These staff trauma specialists should have limited, if any, 
private practice responsibility. This strategy may be particu- 
larly advantageous in urban areas where the volume of trau- 
mais high and competition for private patients is keen. Such a 
program has been shown to be cost effective even in rural 
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Table 7.— Payer Mix of Hospitalized Patients 







Commercial 









Medicare 183 — — 27.7 
Madicaid 14.5 15.1 
Contractor 14.3 15.4 
Self-pay 17.6 6.8 
Labor and industry 6.5 1.7 
HMO* 4.3 8.9 
| Charity 0.2 0.7 






Other 
*HMO indicates health maintenance organization. 





_ areas.” The additicn of surgical intensivists or house physi- 
cians to the staff in hospitals without such support or surgical 
residents, may also increase the willingness of private sur- 
geons to care for trauma patients. 
regression analysis demonstrates that the financial 

issues of trauma care may not be as important as one may have 
suspected. Absolute compensation appears to have little ef- 
fect on a preference not to treat trauma patients. This finding 
would seem to indicate a dedication to caring for the injured 
patient on the part of surgeons. However, strong feelings 
with regard to similarity of reimbursement between trauma 
and nontrauma patients do seem to be associated, to a signifi- 
cant degree, with a reluctance to treat trauma patients. 

While the inadequacy of hospital reimbursement for trau- 
ma care, in general and specifically under a diagnosis related 
group system, has been well documented," actual physieian 
reimbursement for trauma care has not. Hospital reimburse- 
ment figures are often used as a proxy for physician compen- 
sation, which may or may not be accurate and appropriate. 
. Examination of surgeon reimbursement from J uly 1988 to 
June 1989 at two urban Washington hospitals revealed that 
staff surgeons at the regional trauma hospital collected 49.4% 
of gross billings. Staff surgeons at a university hospital within 
the same city, using the same billing practices and personnel 
but treating essentially no trauma patients, collected 65.9% of 
gross billings (Association of University Physicians, unpub- 
lished data). Seven private practice surgeons in a suburban 
community had an average reimbursement of 77.8% of bill- 
.. ings (range, 65% to 87%) for 160 trauma cases. These same 
.. Surgeons reported an 85% to 90% nontrauma, general collec- 
tion rate. A closer review of the trauma patient charts re- 
«vealed that some procedures were not even billed for by the 
“surgeon. 

Analysis cf hospital discharge data fromthe state revealed 
ew major differences in payer mix between patients who 

re designated as trauma patients by ICD-9 codes (Interna- 
jona? Classification of Diseases, 9th revision, Clinical Mod- 
fication) and admitted on an emergent basis and those pa- 
tients who constituted the entire population hospitalized in 
1988" (Table 7). There are fewer Medicare patients in the 
trauma patient population, which reflects their younger age. 
Over twice as many trauma patients fall into the self-pay 
category as compared with nontrauma patients. With this one 
exception, one ean reasonably assume a similar rate of reim- 
bursement between trauma patients and the general popula- 
tion cf hospitalized patients. This exception in the self-pay 
eategory is not trivial because collection may, in fact, be more 
difficult and reflect potential bad debt expense. According to 
Washington state data, although this self-pay group com- 
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prises 1896 of trauma patients, they account for only 2% of the 
actual dollars reimbursed to hospitals." 

Dissimilar reimbursement between trauma and nontrauma 
patients does seem to exist. This difference, however, is not 
overwhelming. Type and location of praetice, payer mix, and 
billing practices influence physician reimbursement, not nec- 
essarily the disease itself. 

Medicolegal risk and malpractice litigation were an over- 
whelming concern of all survey respondents but more so 
among those who preferred not to treat the trauma patient. 
There are limited data in the area of litigation in trauma care. 
That which is available tends to discount the opinions held by 
surgeons who were surveyed in this study. A preliminary 
study done in Pennsylvania compared claims against surgical 
specialists in trauma- and nontrauma-related cases. There 
were half as many trauma-related claims during the 12-year 
study period. The denominator in each category, however, 
was unknown. The average settlement for trauma cases was 
$25 000 less. There was essentially no difference in the per- 
centage of claims closed without payment in the two groups 
(C. Wolferth, MD, oral communication, May 1990). 

In an oral communication (March 1990), R. Helig, RN, JD, 
reported on his experience in Illinois where he found that 
trauma patients file suit at a rate one half that of patients who 
undergo general surgery. In a 5-year study at Cook County 
(Illinois) Hospital with a large indigent and trauma patient 
population, only two suits were generated from 17 000 cases 
(R. Helig, RN, JD, oral communication, March 1990). This, of 
course, may reflect a lack of ability to obtain legal counsel for 
reasons related to either lack of knowledge or finances. The 
“haio effect” often referred to in relation to trauma centers" 
may be, in part, a legal rather than a financial phenomenon. 
Patients and families may perceive undesirable results as 
unavoidable when occurring at a trauma center as opposed to 
another less prestigious or experienced institution, and 
therefore, they would be potentially less likely to initiate 
litigation. Data on malpractice suit rates for trauma cases in 
trauma centers or community hospitals are not available from 
insurance or litigation groups and therefore cannot be 
compared. 

Sample bias, response rate, differences in the responder 
and the nonresponder groups, and self-reporting can all po- 
tentially compromise the validity of conclusions drawn from 
survey results. The excellent response rate, similar distribu- 
tion of specialties among the responder group, the total 
American College of Surgeons’ sample, and the state, as well 


as questionnaire design in this study, minimize these limita- 


tions. The data provided by this survey identify certain fac- 
tors responsible for a reluctance on the part of surgeons to 
treat trauma patients and the relative degree of influence 


each seems to exert on such preferences. 


lr summary, the results of this study suggest negative 


attitudes and resistance to care of trauma patients among 


surgeons based on a number of factors, most notably, impact 
on practice and age. Further examination of how trauma care 
specifically impaets private practice seems warranted. Strat- 
egies to emphasize positive aspects identified and to minimize 
negative factors should be sought. Some medicolegal and 
financial concerns may have no basis in fact. Collection and 
dissemination of accurate information to allay or support 
these concerns are imperative. Currently, any efforts to im- 
prove reimbursement and limit malpractice litigation would 
be welcomed and make trauma care more appealing to some 
surgeons. Finally, reeruitment of young surgeons who are 
trained and interested in the care of the labor-intensive pa- 
tient to serve as appropriately salaried staff traumatologists 
may be advantageous, partieularly in urban areas, and com- 
munity hospitals. 
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invited Editorial Comment 


It is to Protagoras that the statement, “There are two sides 
to evary question,” is attributed. The authors have certainly 
reemphasized this admonition in this article. 

The authors have attempted to ascertain the commitment of 
general surgeons and specialty surgeons to trauma care in the 
state of Washington. They have further analyzed the impact of 
socioeconomic and legal faetors as they pertain to this commit- 
ment. No matter how one views the results, they are indeed 
disappointing. Stated as positively as it possibly can be, only 
142 cf the 249 general surgeons who responded to the survey 

-stated that they would willingly care for the trauma patient. 
The number of specialty surgeons, particularly neurosurgeons 
and orthopedic surgeons, who responded was too small to 
make any similar conclusions. Lam sure that because of the low 
response rate this study may well be criticized. However, 
based on my experience during the past 20 years in reviewing 
more than 100 trauma centers in the United States, these data 
are not only aecurate but reflective of the country as a whole. 

_ When I go into a community to review on a consultative 
basis or to provide verifieation for trauma center designation, 

the surgeons often state that there is no problem with commit- 
mentin their community. Many would even prefer to maintain 

X. the status quo rather than regionalize trauma care because 

there is a perception that there is "no problem" at their hospi- 
tal. Although this study did not address outcome or quality 
nce measures, itis a damning indictment on the commit- 

American surgeons. 

f the most interesting aspects of this study is the 

of socioeconomic and legal factors that might adverse- 
‘the commitment of surgeons who care for trauma 
` These included disruption of an elective surgery 
pr labor-intensive level of the trauma patient, lower 
reimbursement rates, liability risk, and increased cost of mal- 
prac 'e premiums. Many: of these concerns seem to be myths. 
The authors show that although absolute compensation ap- 
ared to have little effect on a preference not to treat trauma 
patients, there were very strong feelings regarding dissimilar 
reimbursements betweer trauma and nontrauma patients. 
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Medicolegal risk and malpractice litigation were also major... 
concerns. As the authors point out, however, these concerns | 
are not substantiated by studies in the literature. The authors o jo 
conclude that medicolegal and financial concerns have no basis eee ee potes: 
in fact. "m IX NC 
In trying to address the issues of trauma causing: disruption v T. 
of an elective surgery practice and being a labor-intensive | 
level, they conclude, “Finally, recruitment of young surgeons .. 
who are trained and interested in the care of the labor-inten-. 
sive patient to serve as uita d salaried staff traumato- — 
logists may be advantageous. . . ." I take issue with this rec- 
ommendation. One of the major eoncerns to American 
medicine in the next decade will be how to solve physician . 
reimbursement. I believe strongly that physician reimburse- - 
ment should be separate from hospital reimbursement. 1 am 
not opposed to managed care or eapitation medieine, provided 
that the physicians and hospitals contract separately. It does 
not serve the profession of medicine well to become part of the 
business of the hospital. 

Unfortunately, the findings from this study corroborate 
many of the viewpoints I expressed in the 1989 Scudder Ora- 
tion (American College of Surgeons Bulletin. March 1990). 
Surgeons are not living up to the expectations of the American 
public. Many readers will counter by saying that the public’s 
expectations are unrealistic. Maybe so, but I do not believe it. . 
General surgeons and specialty surgeons should ask them- 
selves the following questions: If I or a family member were 
injured at 11 PM at night and I was unconscious and hypoten- 
sive, what kind of care would I want provided i in the prehospi- 
tal and hospital setting? Is it available in my community? If — 
not, why not? If there is no commitment in my community, am __ 
I part of the problem or part of the solution? The authors have : 
given us hard data to conclude that commitment is indeed 
lacking. It is up to the surgical community to respond to the 
above questions. 





DONALD TRENKEY, MD 
Portland, Ore 
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Simplified He 
of Prolonged Vs 





* Ten consecutive patients scheduled to undergo liver resec- 
_ tion were studied prospectively with the use of a standard proto- 
. col, which included routine vascular infiow occlusion to reduce 
.. blood loss and blood transfusion requirements. Fibrin sealant 
was sprayed on the raw liver surface, and abdominal drainage 
-. was not performed. No deaths Occurrec, and the postoperative 
. course was remarkably smooth. The normothermic liver isch- 
. emic times of 30 to 122 minutes (mean, 73 minutes) were well 
_ tolerated. The amount of blood transfusec was reduced to a 
. mean of 2 U (range, 0 to 4 U). The occurrence of infected intra- 
», abdominal bile collections in two patients with preexisting biliary 
_ tract infection suggested that abdominal drainage should be 
.. performed in such patients. Vascular inflow occlusion is recom- 
. mended for ali liver resections. 

— (Arch Surg. 1991:126:298-301) 


- [V] aor liver resection has become a routine, safe proce- 

AYA dure, although some groups still repart substantial mor- 
bidity and mortality. Our prospective study was stimulated 
. by the recognition that the liver can withstand normothermic 
- Ischemia for prolonged periods and because vascular inflow 
< occlusion should reduce intraoperative blood loss. Blood 
transfusion may be harmful in patients with carcinoma,' and 

patients with secondary colorectal carcinoma reportedly have 
improved survival if the volume of transfused blood is re- 
stricted.’ It is surprising that many centers, including our 
own, have previously reserved inflow ecc.usion for patients 
who develop major hemorrhage or for the management of 











iated that implementec 


rementa. 









i ND METHODS 
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ulated in December 1987, and the 
ses are reported herein, wth a follow-up period 
reoperative evaluation included full clinical, 







eal School, Observatory 7925 







a liver reseetion protocol was 
| | c routine inflow occlusion for all — 
iver resections to reduee or eliminate blood transfusion — 


_the raw surface in all cases.” When: | ; | 
each procedure was performed individually, usually commencing 
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scular Inflow Occlusion 


: John Terblanche, ChM, FCS(EA), FRCS(Eng);Jake E. J. Krige, FCS(SA), FRCS(Ed); P. C. Bornman, MMed(Surg), FRCS(Ed) 


hematologic, biochemical, and radiographic assessment to confirm 
the diagnosis and to facilitate surgical planning. Preoperative biopsy 
to prave the diagnosis was not routinely performed." Perioperative 
antioieties were administered, and a urinary catheter and multiple 
intravenous lines were inserted. Intraoperative crystalloid and col- 
loid flaids were administered as required to ensure adequate urine 
flow: The anesthesiologist was specifically asked to limit blood trans- 
fusions. Blood loss was measured from the contents of the suction 
bottie and estimated from the laparotomy swabs. 
Surgical exposure was through a bilateral subcostal incision with a 
vertical midline extension upward to the xiphisternum. The chest 
was net opened. As all patients had undergone previous operations, 
care was taken to minimize blood loss when intra-abdominal adhe- 
sions were separated. The abdomen was explored as necessary. The 
liver was fully mobilized to assess resectability. The gastrohepatic 
ligament was ineised to the left of the porta hepatis, which was then 
encircied with Silastie tape without dissection of the individual struc- 
tures. Inflow occlusion was achieved by cross-clamping the porta 
hepatis structures with an aortic vascular clamp, and cross-clamp 
times were carefully recorded. When the left hepatic artery arose 
from the left gastric artery, it was occluded with a separate bulldog 
clamp. Inflow occlusion was utilized from the beginning of the liver 
resection, with a planned release at 30 to 60 minutes and Subsequent 
further clamping as required. The technique of total hepatic vascular 


occlusion, which has been employed in some of our patients with liver 


trauma, was available but was not used. | 
The Figure illustrates the individual liver resections. Tumors were 


. ,Feseeted with a margin of at least 1 em of surrounding liver tissue. 
More than one liver lesion was resected in individual cases if required. 
. With the exception of the two formal extended right-sided lobecto- 
mies, preliminary ligation of inflow vessels was not performed. The 
, Were the related hepatic veins. The sur 


face of the area to be resected 


_ ‘was marked with an incision of the capsule and superficial liver tissue 
|, With the use of diathermy, Liver tissue was divided with the arterial 
„clamp crush or finger fracture techniq 
., with the use of a binocular loupe. Blood vessels and bile ducts were 
< Suture-ligated by the senior assistant with either 3-0 or 5-0 vascular 
 SUutures as they were encountered. "The two-surgeon team approach 


ique under x 4.5 magnification 








greatly facilitated liver resection. After completion of the resection, 


- inflow oeclusion was released, and any remaining visible blood or bile 
. leaks were suture-ligated. Finally, th 
 usuaily reapplied for a short peri 


the inflow occlusion clamp was 
foi rt period, and preprepared fibrin sealant 
(tissue-glue, Tisseal, Tisseal Immuno AG, Osterreichisches Institut 
für Eaemoderivate Ges, M.B.H., Vienna, Austria) was sprayed onto 
| | When more than one lesion was resected, 
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Schematic representations of the individual liver resections. Black 
areas indicate liver tumors; hatched areas, resected liver. Numbers 
refer to patients numbers as listed in Tables 1 and 2. 


with the more major resection. Hemostasis was monitored. No ab- 
dominal drains were inserted as part of the protocol, and the abdomen 
was closed with continuous nylon sutures. All patients were nursed in 
the intensive care unit for the first 24 hours. Once well enough, the 
patients were discharged home and were followed up by a member of 
the team or by the patient’s referring surgeon. Table 1 shows the age 
and sex distribution and the range of pathologic conditions. Six of the 
10 patients had metastases to the liver from a primary colorectal 
carcinoma. 


RESULTS 


Patient data and follow-up data are presented in Table 1. 
There were no operative deaths. The immediate postopera- 
tive course was remarkably smooth despite total liver isch- 
emic times of 38 to 122 minutes (mean, 73 minutes) (Table 2). 
All patients had markedly elevated liver enzyme levels (as- 
partate amirotransferase and alanine aminotransferase lev- 
els) immediately postoperatively, which rapidly declined to- 
ward normal during the next few days. The postoperative 
hospital stay was short in the six patients who experienced no 
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complieations, ranging from 5 to 10 days, with one stay cf 16 
days duration (Table 1) Patients usually returned to the 
general ward on the first or second postoperative day, were 
out of bed on the second day, and began a ward diet by the 
third day. Only one patient had a hemoglobin level below the 
normal range at the time of discharge from the hospital. 

Table 2 summarizes the intraoperative data. The total liver 
ischemia time, the longest ischemic interval, and the number 
of times the porta hepatis was clamped are shown. With the 
exception of patient 1, all had the porta hepatis clamp released 
for up to 5 minutes on more than one occasion. 

The estimated blood loss and blood and fluid replacement 
are also shown in Table 2. Blood replacement was 0 to 4 U 
(mean, 2 U); blood replacement was not required in three 
patients (patients 5, 6, and 8). These three patients had the 
least intraoperative blood loss. All patients had undergone 
previous abdominal surgery with adhesions that led to blood 
loss during the initial dissection. On the other hand, blood loss 
during the period of liver resection under hepatic inflow 
occlusion was usually minimal. The differenee between the 
total operative time (mean, 330 minutes; range, 190 to 528 
minutes) and the liver ischemic time (mean, 73 minutes; 
range, 38 to 122 minutes) indicates the difficulty in isolating 
the liver before resection in some patients because of 
adhesions. 

Morbidity was disappointingly high, with complications 
occurring in four of the 10 patients (Table 1). A bile collection 
with low-grade intra-abdominal sepsis occurred in three pa- 
tients, two of whom had preexisting infected biliary tracts. 
Both had their biliary tracts explored with presumed perito- 
neal contamination (patients 7 and 10). The bile collection in 
the third patient (patient 3) must have arisen from the raw 
liver surface. The fourth patient with a complication (patient 
8) developed intestinal obstruction due to a loop of bowel 
adhering to his previous colostomy and required repeated 
laparotomy on the fifth postoperative day; he was the only 
patient who developed mild wound sepsis. 

Follow-up data are presented in Table 1, although the 
emphasis of the study was on the perioperative period. One 
patient died with further liver metastases at 20 months. Eight 
of the nine other patients remain well, while one has devel- 
oped further symptomatic liver metastases. The patient with 
the testicular tumor remains well but has developed recur- 
rent extrahepatic metastases. 


COMMENT 


In 1908, Pringle” postulated clinically and then demon- 
strated experimentally that prolonged liver inflow occlusion 
and normothermic ischemia was feasible. Inflow occlusion, 
achieved by clamping the porta hepatis and thereby occluding 
both the portal venous and the hepatic arterial inflow to the 
liver, has been associated with Pringle’s name since that time. 
As unfortunately sometimes happens, his findings were sub- 
sequently misquoted, and based on findings of dog studies” it 
was erroneously concluded that the human liver could not 
withstand warm ischemia of more than 15 minutes’ duration. 
Consequently, progress has been delayed until recently. The 
pioneering work of Huguet et al’ and Delva et al’ in France has 
emphasized that the mammalian liver can withstand narmo- 
thermic ischemia. French workers have even shown that 
extensive liver resections can be performed safely with the 
use of total vascular isolation, clamping not only the porta 
hepatis but also the vena cava above and below the liver." 
Although we have recognized that the liver can withstand 
normothermic ischemia since our 1974 experimental publica- 
tion, we have not incorporated this knowledge into our 
practice until now. In 1986, we also described a patient with 
warm ischemia of the liver of 90 minutes duration without 


Simplified Hepatic Resection — Terblanche etal 299 









“Table 1 —Patien ar nd. Faovup Data” 






| Sex/Age, y Liver Disease | iur | Complications Hospital Follow-up to December 1989 
(0 qF/64 2 colon | 2 = 00 Wel at24mo - 
2/F /64 2° colon ~ 8 ‘Well a at 24 mo P 
3/F /49 2° colon 177 Died at 20 mo with liver metastases 
" Well at 22 mo with liver metastases 
. Well at 10 mo with recurrent extrahepatic 
metastases 

















5/M/28 2? Testis, teratoma 




















6/F /37 Tuberculoma 1 : .—. Well at 9 mo 
7/MI28 Sclerosing cholangitis 0 + 28 Well at 7 mo 
8/M/62 2° colon | 2 + 18 Symptomatic at 5 mo with liver metastases 
9/F /52 > colon 4 - 16 Well at 4 mo 





Caroli's disease, gallstones 





7 Well at 4 mo. 
- *Minus sign indicates absent; plus Sign, present; and 2°, secondary metastasis. | 







Table 2.— intraoperative Data 





ischemic 














Time, min No. of Tetai Estimated 
Patient eote Times Operating Blood Loss, Intraoperative 
No. Procedure Total Longest Clamped Time, h/min mL Blood Fluid Replacement, mL 

1 Formal extended right-sided 48 48 1 5/5 600 3 U packed cells Crystalioid, 6500 
lobectomy 

2 Subsegmenta! resections (x 3) t22 45 4 6/5 1450 3 U packed cells — Crystalloid, 4200; tresh- 

frozen plasma, 1500 

3 75% partial right-sided lobectomy 71 33 3 5/50 1700 4 U whole blood Crystalloid, 6000 

4 Extenced right-sided lobectomy 70 35 3 5/55 1000 1 U whole blood — Crystalloid, 7000 

5 Subsegmental left-sided resection 76 40 5 3/25 500 0 U blood Crystalloid 4600; colloid, 

300 

6 Subsegmental right-sided 38 33 3 3/10 300 0 U blood Crystalloid, 5300 
resectio 

7 Formai extended right-sided 50 34 3 8/48 1700 2 U packed cells, Crystalloid, 6800; 
lobeciamy, hepaticojejunostomy 2 U whole colloid, 3000 


blood 


Subsegmentai right-sided Crystalloid, 4000 
resection. and left-sided lateral 
segmentectomy 








9 Extended right-sided lobectomy a7 44 3 6/35 1000 2 U packed cells — Crystalloid, 3550; 
and left-sided subsegmental colloid, 500 
resection . | 

10 Subsegmertal left-sided 70 32 4 7/20 2000 3 U packed celis Crystalloid, 6000; 
resection. left-sided lateral colloid, 1500 







lobectomy, hepaticojejunostomy. 


adverse effects.’ This stimulated a study in the pig model in or human immunodefitiency virus infection. Blood transfu- 
y our 2 ERER s whieh co ni Y Pr ped} the natch resistance to nor- sion has also been shown to play an immunomodulatory role in 
humans and has been used therapeutically to potentiate sur- 
vival of renal allografts.” Conversely, blood transfusion may 
. adversely affect the immune status of patients with tumors,’ 
— pan ticularly patients with metastatic tumors. Secondary liver 
a carcinoma. due to colorectal metastases has been studied, and 
. . eurrent opinion supports the view that no transfusion or 
 .. minimal transfusion produces better overall survival as well 
 — as disease-free survival than do multiple-unit blood transfu- 
| Ls sions. In the report by Stephenson et al, a cutoff of 11 U of 
e - -bloed was recommended. They used as many as 11 U of blood 
ie for liver resection and. presumably ly did not employ inflow 
 .. 'oeclusion. Our study confirms that : major liver resection can 
— -be performed with a minimal blood transfusion requirement. 
iti tri im. _ In most instances in which blood transfusion was required, it 
Mee: the hazards associated . was because of blood loss as a result of the. separation of 
adhesions. during the initial dissection in patients who had 
undergone previous major operative procedures. As a result 
of past experience of major blood loss during hepatic resec- 



















of our 
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nesthesiologists overtransfused some pazients, 
arly in the series. In our opinion, the amount of 
ind colloid administered also reflects their anxiety 
tial blood loss during major liver resections. Nev- 
he mean amount of blood or packed cells adminis- 
is series was 2 U (range, 0 to 4 U), which is 
y less than reported from elsewhere withcut the 
w occlusion or than used in our institution in the 
ing to standard techniques. — . 

n the literature suggests that resection of up to 
ctal liver metastases is worthwhile.” Onr fre- 
‘nonanatomie subsegmental resections" allowed 


ation of more liver tissue. We do not subscribe to 

























| ting in the preservat 
subsegmental resection 


was essential to preserve liver tissue, because the 
obe and part of the medial segment of the left lobe 
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circumstances warranted its use in this unusual case. : 
Meticulous ligation of blood vessels and bile ducts unde 
magnification and the use of a fibrin sealant (tissue glue)’ led 
us to abandon our previous policy of abdominal drainage, 
which is also supported by other investigators. * However, 
major morbidity might have been avoided in two of our pa- 
tients who had preexisting biliary sepsis had the abdomen 
been drained. The single patient with a noninte 
was easily treated with percutaneous ¢ nage 
use a elosed-sump drainage system for 
ingbiliarytraetinfection. — = 
The routine use of inflow occlusion & 
specialized center has converte 
dure into a simple, routine opera 
dure simpler but the postopera 
major complications has been except 
be compared with that for.a standard 
cystectomy. The fact that liver surger. 
safely with virtually no mortality needs 
disseminated, as it is not widely a ate . 
some patients requiring liver resection are not referred to 
specialized centers. NS OS AD 
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Wither, Whether, or Whither 


Surgical Oncology 


Benjamin F. Rush, Jr, MD 


A ccording to Webster, the verb wither indicates that 

something has become dry and sapless or has lost vitali- 
ty, force, or freshness. Is surgical oncology withering? One 
can find evidence that this might be so. The American Board 
of Surgery has recently denied a Certificate of Additional 
Competency in Surgical Oncology. After a period of growth, 
the membership of our society has plateaued in the last 2 to 3 
years, with the number of members entering barely balancing 
the number superannuated because of age. The care of the 
cancer patient seems in many instances to have become more 
and more fragmented. I encountered a patient the other day 
at my own hospital who was under chemotherapeutic care by 
our Section of Medical Oncology for a lesion of the head and 
neck. The patient had a recurrent carcinoma that was ob- 
structing his hypopharynx, and the Ear, Nose, and Throat 
Service was asked to do a direct laryngoscopy for evaluation 
and biopsy. The General Surgical Service was requested to do 
a gastrostomy, and no one on the Surgical Oncology Service 
was asked to give an evaluation as to whether the patient's 
recurrent disease was operable or not. Not too many years 
ago, all ofthese functions, including the chemotherapy, would 
have been administered by the same individual. 

There is a decreasing need for radical procedures in many 
areas of solid tumor therapy, such as the breast. At the same 
time, many skills of importance to the surgical oncologist, 
such as the various flexible endoscopies, are flowing into other 
nonsurgical specialties. 

Again, according to Webster, whether is a@conjunction used 
as a function word with a correlative or or anindirect question 
involving alternatives. Well, what is the alternative to the 
surgical oncologist? One could interpret the recent decision on 
the part of the American Beard of Surgery as meaning that 
the alternative is the general surgeon, and it is certainly true 
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that the general surgeon has over the years been the major 
therapist for solid tumors and still commands the techniques 
with the highest cure rates in almost all such cases. 

Perhaps the alternative is the medical oncologist. Much as 
We surgeons may suppress the thought, the fact is that pa- 
tients will always select a nonsurgical or a minimal surgical 
solution for their problems if they are convinced that it offers a 
similar result. While such alternatives are not available for 
most solid tumors today, the ultimate and happiest outcome 
for all of us will be when solid tumors can be cured by appropri- 
ate medication. 

It may be that the ultimate oncologist has not been achieved 
as yet and will be an expert in immunotherapy, endoscopy, and 
some other unnamed and undiscovered therapy for the cancer 
patient. 

With these bleak thoughts in mind, we come to the final 
word, the adverb whither, defined by Webster as meaning to 
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what place” To what situation, position, degree, or end, or, to 
put it more colloquially, where do we go from here? 

You may be surprised that, although I have fought vigor- 
ously in the past for a Certificate of Added Competency in 
Surgical Oncology to be appended to the Surgical Board, I 
now believe that this would be counterproductive to the field of 
general surgery as a whole. There are some such certificates 
that are divisive and that divide up fields that general surgery 
already controls. An outstanding example of this is the Certif- 
icate in Vascular Surgery, which drives a wedge between 
vascular surgery and all the rest of general surgery, where it 
once belonged. A Certificate of Added Competency in Surgi- 
cal Oncology would probably accomplish the same thing. It 
would not be fitting, I believe, to insist that all of the tumors of 
general surgery be treated by the surgical oncologist. This 
would, in faet, deliver the coup de grace to the Surgical Board. 

I hasten to point out that there are areas in which a certifi- 
cate is enormously effective in retaining general surgery ar- 
eas that are being or have been separated from our field. I 
would describe such certificates as defensive in nature, and 
the first and most obvious for the surgical oncologist would be 
in the area of head and neck surgery. A second, less thought- 
of, certificate would be one of added competency in thoracic 
surgery as a “general thoracic surgeon.” I recognize that our 
colleagues on the thoracic board would not look on such a 
certificate calmly or with equanimity, but the fact is that for 
the average cardiothoracic surgeon, the field of thoracic sur- 
gery seems to have lost its allure, and the patient with cancer 
of the lung is often underserved. Most individuals who have 
cardiothoracic boards perform cardiac surgery, and those who 
do not are often considered as having “flunked the course.” 
There is a growing demand countrywide, as I see it reflected 
in letters to me, for residents who have had experience in and 
are willing to do thoracic surgery. I suspect that this is an area 
that should be considered as one that can be drawn into the 
field of general surgical oncology. The politics of such an 
attempt are certainly too complex to discuss here, and it may 
be too complex to achieve, but it would be an exciting endeavor 
and probably would result in better service to the patients 
with carcinoma of the lung. My plea would be that a certificate 
in head and neck surgery and/or one in noncardiac surgery 
would have the same defensive posture for the general sur- 
geon that has already been adopted by the certificates for 
critical care and hand surgery, ie, to reserve to general sur- 
gery an opportunity to work in those areas that are rapidly 
being drawn away by other specialties. 

Recognition for the surgical oncologist can still be achieved 
through programs inspected and approved by our society. 
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This is a task that we should accept gladly, one that adds a 
special responsibility for us. The fellows we train should be 
familiar with the now-unusual aspects of surgical care of the 
cancer patient, hepatectomy and treatment of recurrent le- 
sions. They should have personal knowledge of some aspects 
of chemotherapy so that it does not become a total mystery 
reserved only for their medical colleagues. Arterial infusion 
chemotherapy comes easily to mind, but this also applies to 
some aspects of adjuvant chemotherapy. 


On another front, what should we do about our plateauing 


membership? Inspection of our criteria for membership sug- 
gests that this phenomenon is largely self-inflieted. We have 
managed to construct a series of criteria for membership that 
excludes individuals across the country who consider them- 
selves surgical oncologists and who in fact have substantial 
recognition for their cancer work in their states or regions. We 
must remember that we are the only society that represents 
surgical oncology in this country, and we should make it 
easier, not harder, for the genuine surgical oncologist to be a 
member. I detect some movement in our society and among 
our officers in this direction, and I think that should this oecur, 
our brief plateau in membership will disappear and a healthy 
increase will follow. If this society intends to work success?ully 
on behalf of the surgical oncologist, it must represent most of 
them. 

Finally, a word about clinical trials. Surgical oncologists, 
with a few rare exceptions, have almost totally withdrawn 
from this arena other than as an appendage to projects of 
others. We need to stimulate our bright young members to 
enter this field, not only as part of a program but as principal 
investigators. The solid tumors that come to the general 
surgical oncologist are the most common tumors. A shift of 
only a few percent in survival in carcinoma of the breast or 
colon represents a remarkable salvage of human lives. The 
National Service Adjuvant Breast Program has demonstrated 
the feasibility of such studies, and we must encourage our 
members to remain involved not only in following the proto- 
cols of others but in devising new ones as well. 

So what are my hopes and visions for the future into which 
we are venturing? I would hope that we will find ourselves a 
growing and vigorous society composed of general surgical 
oncologists who have added competency in either carcinoma of 
the head and neck or chest and who have the skill and interest 
and motivation to devise new combinations of therapy from 
the infinite possibilities being presented to us by medern 
medicine. This may seem like a Pollyannaish vision to some, 
but it is worth striving for; otherwise we have nothing te lose 
but our specialty. l 
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Inflammatory Breast Cancer 


: Michael P. Moore, MD, PhD; Janet K. Ihde, MD; Joseph P. Crowe, Jr, MD; Thomas P. Hakes, MD; David W. Kinne, MD 


. . * Historically, the prognosis of inflammatory breast cancer 
has been poor. We conducted a retrospective review to evaluate 
the recent Memorial Sloan-Kettering Cancer Center experience, 
= to evaluate the role of combination chemotherapy, and to com- 
. pare the effect of surgery and radiation on Iccal/regionai failure. 
Fifty-six patients with local/regional inflammatory breast cancer 
diagnosed between 1975 and 1984 were identified. All were treat- 
ed with combination chemotherapy. Overall 5-year survival was 
_ 45%, with a 5-year disease-free survival rate of 37%. Twenty-one 
_ patients were treated with induction chemotherapy followed by 
mastectomy and adjuvant chemotherapy. Survival and disease- 
free survival rates were similar to those achieved in patients 
treated with mastectomy followed by chemotherapy. Residual 
cancer was found in ali 21 patients treated with induction chemo- 
therapy, with extensive disease present in 18, including six of 
‘seven complete responders. The local/regional failure rate was 
34%, 
(Arch Surg. 1991;126:304-306) 


[ nfammatory carcinoma of the breast is a rare form of 
breast cancer and carries a poor prognosis. It was first 

described as a distinct clinical entity in 1924 in a report from 

Memorial Sloan-Kettering Cancer Center, New York, NY.’ 

An update in 1974 described a mean survival of 16 months in 
. -. the 83 patients identified with inflammatery breast cancer. 
. This is in keeping with other reports from that period. His- 
.. torically, palliation was often the only therapy offered, and 
consisted of radiation therapy and oaphorectomy. Surgery 
was not advocated and was, in faet, considered to be 
detrimental. 

The advent of effective evtotoxic chemosherapy for breast 
cancer has led to several reports suggesting that a multimoda- 
lity approach eombining systemie chemotherapy and aggres- 
sive local therapy may prolong survival.*’ For this reason, the 
-treatment of inflammatory breast cancer has undergone dra- 
-Matie change in the last several decades. Mastectomy had 
- beenthought to be contraindicated in the treatment of inflam- 
matory breast cancer, but recent reports demonstrate pro- 
longed survival and improved local control in patients treated 
with aggressive chemotherapy and mastectomy.” Israel et 
al' reported a median survival of greater than 72 months in a 
| group of 25 patients treated with induction chemotherapy, 
mastectomy, and subsequent adjuvant ehemotherapy. 

... The purpose of the present report was to-review the recent 
femorial Sloan-K tering Cancer Center experience, to 
valuate the role of combination chemotherapy when used 
ith aggressive local control, and to eor pare the effect of 
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such control with that of surgery or radiation. In addition, the 
effect of induction chemotherapy was analyzed and clinical 
response was compared with histologic success. 


PATIENTS AND METHODS 


A retrospective review of 56 patients treated from 1975 through 
1984 for inflammatory carcinoma was accomplished via analysis of the 
tumorregistry of Memorial Sloan-Kettering Cancer Center. Clinical 
evidence of inflammatory breast cancer was present in all patients 
(defined as erythema of more than 50% of the breast, erysipeloid 
edge, and loeal warmth), and pathologie diagnosis of subdermal lym- 
phatic tumor emboli was present in 51 of 56. All patients had disease 
confined to the ipsilateral breast and axilla. Physical examination, 
chest roentgenogram, blood chemistry analyses, bone sean or bone 
series, and liver sean or ultrasound study showed no evidence of 
distent disease. Patients who had evidence of disease beyond the 
ipsilateral breast and axilla or with signs of ipsilateral skin ulceration 
were excluded. Patient survival was calculated according to the 
actuarial method of Kaplan-Meier.’ 


RESULTS 


Analysis of the tumor registry and the prospective data- 
base of the Breast Service of Memorial Sloan-Kettering Can- 
cer Center revealed an increase in the number of patients 
with inflammatory breast cancer treated at this institution 
(Fig 1). This included all patients with inflammatory breast 
cancer with both local/regional and distant disease. Fifty-five 
women and one man with local/regional disease were identi- 
fied during the 10 years of this study. Median age was 52 
years, with a range of 32 to 83 years. Twenty were premeno- 
pausai and 35 were postmenopausal. The 56 eases represent- 
ed 0.89% of the 6253 primary operable breast cancers treated 
here during this time period. Diagnosis was made on the basis 
of open biopsy in 51 patients, by eore-needle biopsy in two, 
and 5y axillary node biopsy in three. Fifty-one patients (91%) 
had microscopic evidence of subdermal lymphatic involve- 
ment; five patients did not submit skin samples for analysis. 

Treatment was divided into three major categories. Group 
A consisted of 21 patients who received induction chemo- 
therapy (mean, three cycles) followed by mastectomy and 
then adjuvant chemotherapy. Induction chemotherapy con- 
sisted of cyclophosphamide (cytoxan), doxorubicin hydro- 
chloride (adriamycin), and fluorouracil in 17 patients and 
cytoxan, methotrexate sodium, and fluorouracil in four pa- 
tients who were unable to tolerate adriamycin. Postoperative 
adjuvant therapy was converted to the methotrexate-con- 
taining regimen in all patients after maximal adriamycin (450 
mg/m") had been delivered. Group B consisted of 18 patients 
who underwent mastectomy followed by adjuvant chemo- 
therapy. Fourteen patients received cytoxan, adriamycin, 
and fluorouracil, three patients received eytoxan, methotrex- 
ate, ‘uorouracil, vincristine sulfate, and prednisone deltahy- 
drocortisone, and one received cytoxan, adriamycin, and fluo- 
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Fig 1.— Trend (solid line) and frequency (broken line) of inflammatory 
breast cancer presenting to Breast Service of Memorial Sloan-Ketter- 
ing Cancer Center, New York, NY, during the past 15 years. 
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Fig 3.—Disease-free survival of 56 patients with localized breast 
cancer. Median disease-free survival was 50 months. 
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Fig 5.— Survival comparison of premenopausal (line with squares; 
n=20) and postmenopausal (line with circles; n=35) patients 
(P = .82). 


rouracil. In addition, four patients received postehemo- 
therapy treatment with irradiation to the ipsilateral aspect of 
the chest, axilla, and supraclavicular fossa. Group C consisted 
of 17 patients who received induction chemotherapy, radia- 
tion therapy (4500 to 7000 cGy), and adjuvant chemotherapy. 
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Fig 2.—Overall survival of 56 patients with localized inflammatory 
breast cancer. Median survival was 56 months. 
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Fig 4.— Survival comparison of group A (induction chemotherapy, 
mastectomy, and adjuvant chemotherapy), group B (mastectomy and 
adjuvant chemotherapy), and group C (induction chemotherapy, radi- 
ation, and adjuvant chemotherapy). Line with asterisks represents 
group A (n=21); line with squares, group B (n=18); and line with 
circles, group C (n 17). 





Proportion Surviving 








o. 20 .--90. 49 56 09. Lo 
Time, mo 

Fig 6.—Survival comparison of estrogen receptor—positive (line with 

triangles; n= 21) and estrogen receptor-negative (line with cresses; 

n= 28) patients (P = .86). 


Fourteen patients received cytoxan, adriamycin, and fluo- 
rouracil; two received cytoxan, methotrexate, fluorouracil, 
vincristine, and prednisone; and one received cytoxan, adria- 
mycin, and fluorouracil. All estrogen receptor-positive pa- 
tients received tamoxifen citrate. 
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.. Five-year survival (Fig 2) for all 56 patients was 45%, with 
a median survival of 56 months. Five-year disease-free sur- 
vival was 37%, with a median disease-free survival of 50 
ionths (Fig 3). Survival (Fig 4) was similar between groups 
-and B (P= .58) but a statistically significant difference in 
survival was seen between the groups treated with mastecto- 
. my (A and B) and the group that received primary radiation 
therapy (C. Median survival was 56 months in group A 
 eompared with 17 months in group C (P =.0035) and was 
greater than 75 months in group B, also statistically signifi- 
cantly different from group C (P--.00129). No difference in 
survival was seen between the 20 premenopausal and the 35 
postmenopausal patients (Fig 5). There was also no difference 
in survival in estrogen receptor-positive patients (n — 21) vs 
estrogen receptor-negative patients (n — 28) (Fig 6). 


Local/Regional Failure 


Local/regional recurrence was documented in 19 (33.995) of 
the 56 patients, including six in group A, five in group B, and 
eight in group C. No statistical difference (P — .09) was noted 
between treatment groups and subsequent risk of local/re- 
gional failure. Local failure was related to an overall poor 
prognosis, with 15 ofthe 19 eventually dying and four surviv- 
ing. Survival after first recurrence was associated with a 
mean time to death of 5.5 months. 





Induction Chemotherapy 


Clinical response to induetion chemotherapy was seen in 18 
of 21 patients in group A and in 12 of 17 patients in group C. In 
group A, a mastectomy specimen was studied in each case to 
compare clinical response with histologic residual disease. 
Residual disease was noted in all 21 mastectomy specimens 
(100%) and was extensive, involving all four quadrants of the 
breast in six of seven complete clinical responders and nine of 
1l partial responders. There was no difference in survival 
rates between partia! and eomplete responders. 


COMMENT 


Although inflammatory breast cancer remains rare, it is 
being seen more frequently at Memorial Sloan-Kettering 
Cancer Center. Prognosis remains poor but is markedly im- 
proved since the advent of effective cytotoxic chemotherapy. 
In the previous report from Memorial Sloan-Kettering Can- 

_ cer Center, the median survival of 37 patients with local/re- 
‘gional inflammatory breast cancer was 20 months? compared 
with 56 months in the-current study. This result is comparable 
with other recent series reporting median survival rates o? 50 
months or more, ^^^ 

.. A statistically significant difference was seen between pa- 
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tients treated with mastectomy and those treated with prima- 

ry radiation. This may reflect patient selection and bias rather 
than a statement of the effieacy of therapy. For example, 
clinical response was noted in 18 of 21 treated with mastecto- 
my vs 12 of 17 treated with radiation. In addition, there were 
no complete responders in the radiation group, thus reflecting 
a significant selection bias. (It is possible that residual disease 
after induction chemotherapy may be beyond the scope of 
radiation, as has been noted in other reports. ^") 

Our study did not disclose evidence to support the efficaey 
of incuction chemotherapy in either survival or disease-free 
survival. In addition, there was no difference in local/regional 
failure in the group treated with induction chemotherapy 
(group À) compared with those receiving only adjuvant che- 
motherapy. This, however, is a retrospective study and it is 
therefore impossible to assess all benefits of induction chemo- 
therapy, such as the potential conversion of inoperable dis- 
ease to operable disease or potentially to decrease the amount 
of surgery required. It is clear that intensive chemotherapy 
and aggressive local therapy result in improved survival com- 
pared with systemic therapy alone. ^? 

Induction chemotherapy resulted in impressive clinical re- 
sponse — 18 (85.7%) of 21 patients in group A and 12 (70.6%) of 
17 in group C. Both the clinical response and the histologic 
residual disease were impressive, including extensive disease 
in six of seven complete responders. Similar results have been 
reported from other series, "in which residual carcinoma was 
reported in up to 10096 of the mastectomy specimens after 
induction chemotherapy. In addition, it has also been report- 
ed that residual carcinoma was ncted after treatment with 
chemotherapy and radiation." Residual disease after induc- 
tion chemotherapy may exceed the efficacy of primary radia- 
tion therapy. 

Local/regional failure after aggressive systemic and local 
therapies remains a significant problem. Local recurrence 
was noted in 19 (33.9%) of 56 patients and no significant 
difference from either induction chemotherapy or mastecto- 
my was discernible. There was a trend toward improved 
local/regional control in patients treated with chemotherapy 
and mastectomy (groups A and B) Once again, this may 
reflect selection bias. | 

The greatest advance to date in the treatment of inflamma- 
tory breast cancer has been the introduction of effective 
cytetoxie chemotherapy. The improved survival does, how- 
ever, mandate appropriate local control. At present it ap- 
pears that this local eontrol ean be achieved with mastectomy 
and perhaps subsequent adjuvant radiotherapy in an attempt 
to decrease unacceptable local recurrence rates. The focus of 
present therapy at Memorial Hospital is aggressive systemic 
therapy, mastectomy, and adjuvant chemotherapy, followed 
by radiation. 
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e Tumor-draining lymph node celis from mice bearing the 
methyicholanthrene-induced MCA 106 tumors can be sensitized 
in vitro to acquire antitumor reactivity. We examined the effect of 
interferon alfa on the function of cells that underwent in vitro 
sensitization in adoptive immunotherapy. Interferon alfa in- 
creased the antitumor reactivity of in vitro sensitized cells in the 
treatment of MCA 106 pulmonary metastases. This effect was 

-<x evident in irradiated mice, indicating that a host response to the 
„ interferon alfa was not required. Interferon alfa treatment in- 
” ereased class | major histocompatibility complex antigen ex- 
-. pression on tumor cells and increased their susceptibility to lysis 
.. by in vitro sensitized cells. These results suggest that interferon 
.. alfa enhancement of adoptive immunotherapy was mediated by 

. itseffecton tumor celis. Interferon alfa may be a useful adjunct to 





ve immunotherapy of human cancer. 


rg. 1991 ;126:307-313) 
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Tre adoptive transfer of sensitized T lymphocytes effec- 
tively mediates tumor regression in a variety of animal 
models. Most of these models have employed transplantable 
tumors, which are used to immunize syngeneic inbred animals 
in order to generate sensitized T cells. However, this proce- 
dure cannot be practically applied to human cancers because 
.... genetically identical individuals are not common. For the 
clinical applieation of adoptive immunotherapy in humans, 
" . sensitized T lymphocytes that can mediate antitumor effects 
|. must be obtained from cancer-bearing patients. We recently 
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generation of sensitized T lymphocytes with in 
reactivity from hosts bearing growing tu- 





Soc Che ethod involves the sensitization and expansion 

- of lymphoid cells by stimulation with irradiated tumor cells in 
the presence of interleukin (IL) 2." Fresh lymphoid celis 
from hosts bearing growing tumors do not mediate tumor 
regression in adoptive immunotherapy experiments, and are 
termed preeffector cells. After IVS culture, however, these 
cells differentiate into potent therapeutic T cells that can 
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E anced Antitumor Reactivity of " E 
itized T Cells by Interferon Alfa 


reliably effect regression of established tumors and prolong © 
survival when transferred into tumor-bearing animals. — 0 
The therapeutic effectiveness of adoptive immunotherapy — — 
is proportional to the numbers of effector celis transferred. — 
Therefore, any method that enhances the antitumor reactiv- — 
ity of the transferred cells would be very useful clinically. We 
have reported” that the exogenous administration of IL-2 
has enhanced the antitumor function of transferred, IVS 
cells, This supports other reports that IL-2 administration = 
augments the antitumor function of cultured T-effector eels —— 
in adoptive immunotherapy by increasing proliferationofthe —— 
transferred cells.“ Based on these observations, clinical ^ - 
trials of adoptive immunotherapy have used the concomitant - uc 
administration of IL-2."? These early trials, however, nave o 
demonstrated significant toxic side effects attributed to IL- = 
2.7? Thus, our laboratory has investigated otherimmunemo- ^ 
dulatory agents with the potential to enhance the therapeutic ^ 
efficacy of IVS cells in adoptive immunotherapy. E 
This report describes results from our evaluation of inter- ^ — 
feron alfa as a modulator of the generation and function of IVS- 
cells. Interferons were originally described as antiviral ^ 
agents," but have been shown to enhance the expression of | 
major histocompatability complex (MHC) and tumor-associ- 
ated antigens.” They have also been reported"" toaugment = 
natural killer cell activity, inhibit the generation of suppres- 
sor cells, have antiproliferative activity against tumors, syn- 
ergize with the antitumor effects of IL-2, and enhance the = 
antitumor function of tumor-infiltrating lymphocytes. Given 
this range of effects, interferon alfa was evaluated fer its 
possible synergistic effects in adoptive immunotherapy. Our 
data demonstrate that interferon alfa administration en- 
hanced IVS cell-mediated regression of MCA 106 tumors. . 
This effect may be manifested through the upregulation of 
class I MHC antigens on tumor cells. | | 



























| Mice NE 

Female C57BL/6J (B6) mice (Jackson Laboratory, Bar Hi 

Me) were maintained in a specific pathogen-free environment ant 

used at age 10 weeks or older for experimentation. quur 
Tumors 


The MCA 106 is a fibrosarcoma of B6 origin induced by intramuseu- 
lar injection of 0.1 mL of 0.1% 3-methylcholanthrene in sesame oil. It. US 


MATERIALS AND METHODS | 
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was maintained in vive in B6 mice by serial subcutaneous transplanta- 


. tions of cryopreserved specimens. Tumors fe t 
. seventh transplantation generations were used for experiments. Sin- 
gle-cell suspensions were prepared from solid tumors by digestion, 
with constant stirring in 40 mL of Hanks Balanced Salt Solution 
. (HBSS; Gibco, Grand Island, NY) containing 4 mg of deoxyribonucle- 
ase, 40 mg of collagenase, and 100 pg of hyaluronidase (Sigma Chemi- 
cal Co, St Louis, Mo) for 3 hours at room temperature. For initiating 

solid-tumor growth, B6 mice were inoculated in the footpad with 5 to 
. 10x 10 MCA 106 tumor cells in 6.05 mL of HBSS. 


Lymphoid Cell Suspensions 


Popliteal lymph nodes draining 13- to 15-day-old footpad tumors 
were removed aseptieally. Single-cell suspensions were prepared by 
 teasing lymph nodes into fragments with 20-gauge needles, then 
pressing mechanically with the blunt end of a 3-mL plastic syringe 
plunger into HBSS under sterile conditions. Tke cell suspension was 
filtered through a layer of No.-100 nylon mesh (Nytex; TETKO Ine, 
Elmsford, NY) and centrifuged, The cells were washed twice and 
suspended in complete media (CM). The CM was composed of RPMI 
1640 (Gibco) with 19% heat-inactivated fetal bovine serum, 1-wmol/L 
sodium pyruvate, 0.1-mmol/L nonessential amino acids, 2-mmol/L L- 
glutamine, 100 U/mL gentamicin sulfate, 0.5-ig/mL amphotericin B 
(Fungizone; Gibco), and 5 x 10 "-mol/L 2-mereeptoethanol (Sigma). 


Cytokines 


Purified human recombinant IL-2 (Cetus Corp, Emeryville, Calif) 
had a specific activity of 6 to 8 x 10* U/mg of protein. The endotoxic 
: -level in the purified preparation was less than 0.1 mg/10° U of IL-2, as 
. assessed by the standard Limulus assay. Recombinant hybrid human 
interferon alfa A/D (Hoffman-LaRoche Laboratories, Nutley, NJ) 
had a specific activity of 7.9 x 10° U, as measured in an antiviral assay 
. on mouse L-cells relative to a murine interferon reference standard. 
Endotoxin levels were less than 0.1 U/mg. 


IVS of Lymphoid Celis 


In vitro sensitization was carried out in 24-well, flat-bottomed 
tissue culture plates (number 25820; Corning, Corning, NY) as de- 
seribed previcusly. ” Briefly, 4 x 10° lymph node-cells were cocultured 
with 1 x 10° irradiated (40 Gy) MCA 106 tumor stimulator cells in the 
presence of IL-2 (10 U/mL) in 2 mL of CM. The cultures were 
incubated at 37°C in a moist atmosphere with 5% carbon dioxide. On 
day 6, each well was agitated and supplied with 1.0 mL of CM 
containing 20 U of IL-2. Cells were harvested on day 9 or 10, when 
they grew to high density, centrifuged, washec twice in HBSS, and 
- filtered through a layer of No.-100 nylon mesh. 





Adoptive Immunotherapy 


-... Normal B6 mice were injected intravenously with 8 x 10° viable 
<- MCA 106 tumor eelis suspended in 1.0 mL of HBSS to initiate 
. pulmonary metastases. Three to 9 days after tumor injection, lym- 
phoid cells were intravenously administered in 1.0 mL of HBSS 
through the tail vein. Mice receiving interferon alfa or IL-2 were 
injected intraperitoneally after the transfer of lymphoid cells. Ap- 
proximately 3 weeks after tumor inoculation, mice were ear-tagged, 
randomized, and killed for enumeration of pulmonary tumor nodules 
as deseribed." A 15% india ink solution was instilled in the trachea, 
and the lungs were bleached with Fekete! solution. Tumors ap- 
peared as discrete white nodules against a black background on the 
surface of the lang, and were readily visible. Metastatic foci too 
numerous to count were assigned an arbitrary value of 250 because 
this was the largest number of tumor nodules that could be reliably 





| . Whole Body Irradiation 

. Normal B6 mice were sublethally irradiated (5 Gy) using cesium. 
137 (Mark 1 Model 25 irradiator; J L Shepard, Glendale, Calif). One to 
urs later, mice were injected intravenously with 8x 10° viable 
i106 tumor cells in 1.0 mL of HBSS. Three days after tumor 





njection, IVS lymphoid cells were transfrred intravenously 
through the tail vein. — 7 

a Tumor Celi Cultures - 

` — Asingle-cell suspension of MCA 106 tumor celis obtained from solid 
n tumors was grown in 35-em" culture flasks. Twenty milliliters of CM 
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m the third to the 





with 10° tumor cells per milliliter were plated into a flask. After 1 or 
2 days, the nonadherent cells were removed by decanting the CM and 
washing the flask twice with HBSS. The CM was replaced, and cells 
allewed to grow for approximately two to three passages over 
2 weeks, Tumor cells were exposed to interferon alfa for 24 hours by 
repiaeing media with CM containing 0, 10, 100, or 1000 U/mL of 
interferon alfa when the cells were near confluence. Single-cell sus- 
pensions from tumor monolayers were harvested after brief incuba- 
tion with trypsin-ethylenediaminetetraacetic acid, two washes in 
HESS, and resuspension in CM. 


Monoclonal Antibodies (mAbs) 


Eyoridomas producing mouse IgM mAbs against class I and II 
MHC. antigens, which were originally produced by David Sachs, MD 
(Natienal Cancer Institute), were obtained from Hazelton Laborato- 
ries, Rockville, Md. The mAbs were harvested as ascites from suble- 
thallyirradiated (5 Gy) DBA/2 mice. For identification of class I MHC 
antigens on B6 mice (H-2"), B896-recognizing K* antigens and B345- 
recognizing D” antigens were used. Monoclonal antibody B396 was 
used :o identify class II antigen Ia". An isotype-specific irrelevant 
mA» that recognizes K" antigens, B392, was used as a control. A 
fluerescein isothiocyanate-labeled goat antimouse IgM (Organon- 
Teknika, West Chester, Pa) was used for indirect fluorescence analy- 
sis. | 





Fluorescence-Activated Cell Sorter Analysis 


Flow cytometric analysis of class I and II MHC antigens of MCA 
106 tumor cells was carried out by indirect fluorescence using a flow 
microfluorometer (FACScan; Becton Dickinson, Sunnyvale, Calif). 
Single-cell suspensions (5 to 10x 10° cells) were incubated for 45 
minutes at 4°C with 20 pL of appropriately diluted mAb in phenol red 
free HBSS containing 2% fetal bovine serum and 0.5% sodium ni- 
trate. Bound antibodies were detected by incubation with appropri- 
ately titered fluorescein isothiocyanate-labeled goat antibodies to 
mouse IgM. 


Chromium 51 Release Assay of Cytotoxicity 


Cultured tumor cells (MCA 106) were centrifuged, washed twice 
with HBSS, and labeled with chromium 51("Cr; New England Nucle- 
ar, Boston, Mass) for 1 hour as previously described. These labeled 
tumor target cells were washed three times in CM, and 1 x 10* cells 
per well were added to 96-well, round-bottomed microtiter plates 
with different numbers of IVS or lymphokine-activated killer 
(LAK}--effector cells. After 4 hours of incubation at 37°C, superna- 
tants were harvested (Titertek Collecting System; Skatron, Sterling, 
Va). Spontaneous release of "Cr was measured in CM without effec- 
tor cells, and total release was measured in 0.1 normal hydrochloric 
acid. The percentage of cytotoxicity was determined as follows: 


Observed “Cr Release — Spontaneous “Cr Release 


x 100 
Total “Cr Release —Spontaneous “Cr Release 


A lytic unit was defined as the number of effector cells needed to 
mediate 20% lysis of 10° target cells. The number of lytic units per 10° 
effeeter cells was then calculated for each tumor target. 


Statistical Analysis 
The significance of differences in mean numbers of pulmonary 
metastases between different groups of mice (n —5to 6) was analyzed 
by the Wileoxon’s Rank Sum Test.* 
RESULTS 


Effect of Exogenous Interferon Alfa Administration on the 
Antitumor Reactivity Mediated by IVS Celis 


Therapeutic effector cells from mice bearing growing MCA 
106 tumors were generated using IVS. Progressive tumors 
were established by the inoculation of 10° MCA 106 tumor 
cells into the footpads of syngeneic B6 mice. Fourteen days 
later, when the tumors measured approximately 7 mm, drain- 


ing popliteal lymph node cells were obtained for IVS cultur- 


ing. After 9 days in culture, IVS cells were harvested and 
adoptively transferred intravenously into mice with 9-day- 
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Table 1.—Interferon Alfa Administration and the Antitumor 
Efficacy of In Vitro Sensitized Cells in the Adoptive 
Immunotherapy of MCA 106 Pulmonary Metastases 










Treatment 


ayy T Mean (SE) No. of 
In Vitro Pulmonary Metastases 
Sensitized Interferon 
Cells Alfa Experiment 1* Experiment 2t 








*1 x 10’ in vitro sensitized cells were transferred into mice. 
T3 x 10° in vitro sensitized cells were transferred into mice. 
+P<.05 compared with the group that received no therapy. 









Table 2.—Interferon Alfa and the Antitumor Efficacy of 
In Vitro Sensitized Cells in an Irradiated Host 


Treatment Mean (SE) No. of 
Pulmonary 
In Vitro Sensitized Cells Interferon Alfa Metastases* 


*3 x 10* in vitro sensitized cells were transferred into mice. P<.05 compared 
with the group that received no therapy. 


old, established, pulmonary MCA 106 metastases. Separate 
groups of mice received interferon alfa by intraperitoneal 
administration and adoptively transferred IVS cells. Antitu- 
mor efficacy was determined by counting lung metastases 
22 days after tumor inoculation. Two experiments are sum- 
marized in Table 1. In experiment one, 10' IVS cells were 
transferred into mice. In experiment two, 3 x 10* IVS cells 
were transferred. Treatment with interferon alfa alone at a 
dose of 25000 U twice daily for 4 days had no significant 
antitumor effect. However, interferon alfa administered with 
subtherapeutic doses of IVS cells enhanced the antitumor 
efficacy of the IVS cells in both experiments. 


Effect of Exogenous Interferon Alfa Administration 
on the Antitumor Reactivity Mediated by 
IVS Cells in the Irradiated Host 


The enhanced antitumor efficacy of IVS effector cells by 
interferon alfa administration may be due to an effect of 
interferon alfa on endogenous, host-derived immune respons- 
es; to the transferred IVS cells; or to the tumor. To determine 
if the enhancement was mediated through host lymphocytes, 
mice received 5 Gy of whole-body irradiation before the estab- 
lishment of 3-day-old MCA 106 pulmonary metastases and 
subsequent adoptive immunotherapy with IVS cells and in- 
terferon alfa (same dose as in Table 1). This dose of irradiation 
substantially suppressed host lymphoid cell functions. In vi- 
tro sensitized cells were generated as previously described. 
The results of this experiment are described in Table 2. 
Interferon alfa enhanced the antitumor reactivity of the 
transferred, IVS cells. Therefore, a host response was not 
required to mediate the interferon alfa-enhanced antitumor 
activity of IVS cells. 


Upregulation of MHC Class I Antigen Expression 
on MCA 106 Tumor Cells by Interferon Alfa 


Interferon has been shown to upregulate MHC and tumor- 
associated antigens on tumor cells. This may result in en- 
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Mean Channel Fluorescence 
Treatment, U/mL Interferon Alfa 
———M——Ó— S 


0 10 100 1000 
Control Group Yin. WEM . UID 01 


— — — (0 U/mL of Interferon 
1000 U/mL of Interferon 


84 80 84 


Cells Stained With 
Anti-K^ Antibody 


Cells Stained With 
Anti-D^ Antibody 
/\ 

|! 


2 
[ 
O 
o 
o 
z 


Cells Stained With 
Anti-la^ Antibody 


100 
Fluorescence Intensity 





Flow cytometric analysis of the expression of major histocompatibility 
complex class | and class Il antigens on MCA 106 tumor cells exposed 
to various concentrations of interferon alfa in vitro. 


hanced interaction with immune T cells. Various concentra- 
tions (0, 10, 100, and 1000 U/mL) of interferon alfa were added 
to MCA 106 tumor cultures. The expression of MHC class I 
and II antigens was measured on MCA 106 tumor cells ex- 
posed to interferon alfa for 24 hours. The Figure illustrates 
the flow cytometry profiles of the tumor cells stained with 
anti-class I or anti-class II mAbs. Cells stained with anti-K" 
antibody demonstrated progressive increases in mean fluo- 
rescence channels with increasing concentrations of interfer- 
on alfa. Similarly, tumor cells stained with anti-D" antibody 
showed progressive increases in mean fluorescence intensity 
with interferon alfa treatment. There was no increase, how- 
ever, in the expression of the class II antigen (Ia") after 
interferon alfa exposure. These results demonstrate that in- 
terferon alfa increased expression of K” and D” class I antigens 
on MCA 106 tumors. 


Increased Susceptibility to Lysis of MCA 106 
Tumor Cells by IVS Cells as 
a Result of Incubation With Interferon Alfa 


Since increased class I expression on tumor cells suggested 
a possible mechanism for enhanced antitumor reactivity of 
IVS cells, we evaluated the in vitro lysis of interferon alfa- 
treated tumor cells by IVS effector cells. After exposure to 
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Alfa, 
U/mL 


LAK 0 
1000 


factorial analysis of variance). 


various concentrations (0, 10, 100, and 1000 U/mL) of interfer- 
on alfa, MCA 106 tumor cell lysis mediated by IVS and LAK 
cells was measured by the "Cr release assay. Effector IVS 
cells were prepared as in previous experiments. Lympho- 
kine-activated killer cells were prepared by incubating nor- 
mal splenocytes in high concentrations of IL-2 (1000 U/mL) 
for 2 days. The results are summarized in Table 3. A progres- 
sive increase in tumor cell lysis mediated by IVS cells was 
observed as a function of interferon alfa treatment. By con- 
trast, LAK cell-mediated lysis did not increase with the 
treatment of targeted tumor cells with interferon alfa. Lym- 
phokine-activated killer cells are nonspecific cytolytic cells 
that mediate cytolysis in a non-MHC restricted fashion. 

These data suggest that the enhancement of antitumor 
reactivity of IVS ceils by interferon aifa is due to an effect on 
the tumor eell. Interferon alfa treatment of MCA 106 tumor 
cells upregulated class I antigen expression and increased the 
ability of IVS effector cells to mediate tumor lysis. 


Effect of interferon Alfa on the Generation of Preeffector 
Celis During Tumor Growth 


Preeffector cells develop in lymph nodes draining progres- 
sive tumors. These cells do not mediste antitumor reactivity 
in adoptive immunotherapy of tumors until they differentiate 
.. into effector cells after IVS.” Since interferon can upregulate 
Class I antigen expression in MCA 106 tumors, we attempted 
- to determine whether interferon alfa administration to mice 
^. bearing progressive tumors would augment the elicitation of 
 preeffector cells in the draining lymph nodes. The footpads of 
mice were inoculated with 1x 10° MCA 106 tumor cells. The 
experimental group received interferon alfa at a dose of 50 000 
U twice daily, and the control group received no interferon 
alfa (Table 4). In the first experiment, animals were treated 
with interferon alfa for the first 10 days after tumor inoeula- 
tion. In the second experiment, animals were treated with 
interferon alfa from day 7 to day 14. On day 14, the draining 
lymph node cells were harvested for IVS culture. To evaluate 
antitumor effects in vivo, IVS cells were transferred in two 
doses to mice bearing 3-day-old established pulmonary me- 
tastases. All animals received 7500 U of IL-2 twice daily for 
4 days beginning at transfer. Judging from the numbers of 
pulmonary metastases after this dose regimen (Table 4), 
interferon alfa did not affect development of pre-effector cells 
in tumor-bearing hosts. 
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Lytic Units/ 
10° Effector 
Cells 










18 
20 31 
14 21 


*E:T indicates ratio of effector cells to tumor targetcells; IVS, in vitro sensitized and LA, lymphokine-activated killer 
TLvsability of tumors treated with this concentration of interferon alfa is significantly cifferent from that of tumors not treated with interferon alfa (P<.05 by 





Table 4. — Effect of Interferon Alfa Administration to MCA 106 
Tumor-Bearing Hosts on the Generation of Preeffector Cells 










Mean (SE) No. of 
No. of Pulmonary Metastases* 
interferon Alfa In Vitro Sensitized 


Administration Cells Transferred Experiment 1 Experiment 2 











~ None 250 250 
E 1-1.5 x 105 128 (25) f 119 (17)t 
MER. 4-6 x 10° 9 (5t 8 (5t 

+ 1-1.5 x 10° 173 (29)t 61 (22)f 

* 4-6 x 105 19 (13)f 28 (17) 





"in experiment 1, interferon alfa was administered on days O through 10, 
anc in experiment 2, on days 7 through 13. 
t?«.05 compared with the group that did not receive in vitro sensitized cells. 


Effect of Interferon Alfa on the Generation 
of Effector Cells During IVS 


Generation of therapeutic effector cells from tumor-drain- 
ing lymph nodes required IVS culture. The effect of interfer- 
on alfa added during IVS was examined. In all other respects, 
the IVS cells were prepared as previously described. The 
cells generated were assayed for antitumor reactivity by 
adoptive transfer to mice with 3-day-old established pulmo- 
nary metastases as previously described and as summarized 
in Table 5. Interferon alfa added during IVS culture did not 
enhance the antitumor reactivity of the IVS effector cells. 


COMMENT 


Administration of IL-2 augments the antitumor function of 
cultured effector cells in murine adoptive immunotherapy 
models by inducing the in vivo expansion of the transferred 
cells. Hence, IL-2 has been used routinely with sensitized 
cells in adoptive immunotherapy trials in humans. Because 
interferon alfa appears to have a different mechanism for 
enhancing the antitumor function of IVS cells compared with 
IL-2, we attempted to determine if interferon alfa would 
synergize with IL-2 in the augmentation of the antitumor 
efficacy of IVS cells. In vitro sensitized cells derived from 
tumor-bearing hosts were administered at varying doses in 
conjunction with subtherapeutic doses of IL-2 (eight doses of 
7500 U) and interferon alfa (eight doses of 25 000 U) in the 
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Ux “Table 5.—Effect of interferon Alfa Added to IVS Cultures on 
ae the Generation of Effector Cells* 


Mean (SE) No. 
of Pulmonary 
Metastases 


228 (16) 


No. of 
IVS Cells 
- Transferred 


215 (12) 
148 (254 
139 (30% 


213 (26) 
149 (36) 


i: "IS indicates in vitro sensitized. 
eee. 5 compared with the group that did not receive IVS cells. 


adoptive immunotherapy of MCA 106 pulmonary metastases 
(Table 6). Therapy with either cytokine alone had no antitu- 
mor effect. In vitro sensitized cells administered with IL-2 or 
interferon alfa produced an antitumor reactivity thet was 
dose dependent. The lowest dose of IVS cells administered 
with IL-2 or interferon alfa had no therapeutic effec:. The 
combination of interferon alfa and IL-2 administered with the 
lowest dose of IVS cells, however, resulted in significant 
z regression of pulmonary metastases. These data suggest that 
4 — the antitumor reactivity mediated by the combination of IVS 
E celis, IL-2, and interferon alfa is synergistic. 
05000, The observation that neoplastie cells express antigens ca- 
e pable of inducing tumor-specific transplantation resistance in 
syngeneic animals has laid the foundation for developing im- 
-—. munotherapeutic approaches to the treatment of cancer. One 
ofthe therapeutic approaches to cancer treatment is adoptive 
immunotherapy. Adoptive immunotherapy is defined as the 
transfer of lymphoid cells with antitumor reactivity to tumor- 
bearing hosts that mediate tumor regression directly or indi- 
rectly. Many principles necessary for successful adoptive 
immunotherapy have been established in studies using tumor 
models in animals. Recent clinical studies of adoptive : immu- 
notherapy of human cancer have had promising results.” 
Because the genetic identities of donor and host ceils are 
=- essential in the application of adoptive immunotherapy in 
humans, an in vitro method will be required to generate large 
. quantities of immune cells from the patients with eaneer. In 
animal studies, we developed the IVS method, which enabled 
us to generate sensitized effector T cells from animals bearing 
is immunogenic and nonimmunogenie tumors, "^^ We 
cores the use of IVS ells 1 in the treatment of 















c pa the T. of à immune , cells Genera To 
date, | the raei diede to dal faic numbers of cells 





peat “rab of immune aye ie in vivo could reduc the 
number effect. The that are pole reid needed to achieve: a ree 







A aC studies of pearl je a 
+2 in high doses. The use of this Send however, 





Table 6.— Interferon Alfa Administration and the Antitumor 
Efficacy of IVS Cells and IL-2 in the Adoptive Immunotherapy 
of MCA 126 Pulmonary Metastases* 


‘Mean (SE) Nc. 
of Se 


No. of 
IVS Cells 


None "250 | 
235 (18) l 


None 
201 (49) — 
101 (60) _ 


*IVS indicates in vitro sensitized, and IL, interleukin. 


tP<.05 for group A vs grcups D, F, G, |, J, K, L, and M; group K vs groups : D 


B, C, E, and H; and group L vs groups B, C, F, and I. 


improving the therapeutic efficacy of IVS eells in adoptive 
immunotherapy. 


In this study, using the weakly immunogenie MCA 106  . 
tumor, we found that interferon alfa administration enhanced —— 
the antitumor function of adoptively transferred, IVS ce lsin — 





the absence of IL-2. The doses of interferon alfa did not ave —— 


antitumor effects when given alone; therefore, the effect of. c 


interferon alfa on the antitumor function of IVS cells ap- . c 


peared to be synergistic rather than additive. The in vivo. — — 
administration of interferons has been reported to augment — 


natural killer cell activity, modulate B cell responses, and 
mediate tumor regression. All of these properties result from 


enhancement of the host immune response andcould beimhib- ^. 


ited by whole-body irradiation of the host. Todetermine if the . T 


enhanced antitumor function of transferred cells was also 


mediated through the host immune response, adoptive immu- ; a 


notherapy of MCA 106 pulmonary metastases was performed 7 


in irradiated mice. Mice received sublethal irradiation (E Gy) 2 
before injection of tumor cells. In these animals, interferon 
alfa administration enhanced the regression of pulmonary. 


metastases mediated by IVS cells. Thus, radiation-sensitive 
host immune cells apparently were not required to mediate 


the effect of interferon alfa in these experiments. Our findings - 
suggest that the enhancing effect of interferon alfa was direct- 


ed to either the tumor or the transferred, IV cells. 


We next examined the effect of interferon alfa on the ex- | 
pression of MHC antigens on MCA 106 tumor cells. For this 
purpose, cultured MCA 106 tumor cells were incubated with- 
varying concentrations of interferon alfa for 24 hours and. 
subsequently analyzed for MHC antigen expression. The ex-. 
and anti-D’) in-- 
creased in direct proportion to the concentration of interferon. 
alfa (Figure). Because tumor cell lysis by cytotoxic effector T . 
cells is class I MHC-restricted, we attempted to determine if. 
cytotoxicity mediated by IVS effector cells was enhanced by- 
the treatment of MCA 106 tumors with interferon alfa. The. 
"Cr release cytotoxicity assay was used to measure the lysis 
of targeted MCA 106 tumor cells treated with interferon alfa. - 


pression of MHC ‘class I antigens (anti-K" 


These experiments demonstrated that interferon alfa in- 
creased the susceptibility of MCA 106 tumors to lysis by IVS 
cells. In contrast, the lysis of MCA 106 tumors by LAK cells 


Interferon Affa— Vander Woude etal 311 E 




















was not enhanced by interferon alfa treatment of tumors. The 
nonspecific cytotoxicity mediated by LAK cells is non-MHC 
restricted. These observations suggest that the upregulation 
of MHC class I antigens on the MCA 106 tumor by interferon 
alfa treatment may be responsible for the enhanced therapeu- 
tic efficacy of IVS cells in adoptive immunotherapy. 

Additional evidence related to the mechanism of in vivo 
enhancement of adeptive immunotherapy by interferon alfa 
came from studies with another syngeneic tumor, MCA 203 
(D.L.V. and A.E.C., unpublished data, #990). In contrast to 
MCA 106, interferon alfa administration did not enhance the 
antitumor reactivity of IVS cells in the treatment of MCA 208 
pulmonary metastases. Further analyses demonstrated that 
interferon alfa did not increase MHC class I antigen expres- 
sion in MCA 203 tumors. In addition, the susceptibility of 
MCA 208 to lysis by IVS effector cells was not augmented by 
interferon alfa. These data support the theory that the in vivo 
mechanism of interferon alfa enhancement of adoptive immu- 
notherapy operates by modulating MHC elass I antigens. Our 
observations suggest that the in vitro analysis of interferon 
alfa modulation of MHC class I antigens may predict whether 
interferon alfa will be therapeutically beneficial in adoptive 
immunotherapy. 

Freshly harvested lymphocytes from hosts with growing 
tumors do not mediate tumor regression in adoptive immuno- 
therapy and are termed preeffector cells. After IVS culture, 
however, these cells differentiate into potent therapeutic 
T cells. In eontrast, lymphoid cells from normal hosts cannot 
differentiate into funetional effector cells during IVS. There- 
fore, IVS is the seeondary stimulation of preeffector cells that 
have been elicited by an immune response in the tumor- 
bearing host. We attempted to determine if interferon alfa 
would increase the Gevelopment of preeffector cells in animals 
during tumor growth. Mice with progressive MCA 106 tu- 
mors of the footpad were treated with interferon alfa for at 
least 7 days during either early or laze stages of tumor 
growth. The antitumor reactivity of the resultant IVS cells 
was again assessed in adoptive immunotherapy experiments. 
We found that the administration of interferon alfa to mice 
with progressive tumors did not enhance the development of 
preeffector cells. We also examined the influence of interfer- 
on alfa on the generation of effector cells-during IVS. Inter- 
feron alfa was added in various concentrations at the initiation 
of IVS cultures. In vitro sensitized cells derived from these 





cultures had similar antitumor reactivity to effector cells 
generated without the addition of interferon alfa. Indeed, 
there was a suggestion that interferon alfa may interfere with 
the maturation of preeffector cells during IVS. 

Although interferon alfa and IL-2 can augment the antitu- 
mer function of IVS cells, the mechanisms of this enhance- 
ment are different. We performed additional studies to deter- 
mine if interferon alfa could synergize with low doses of IL-2 
to enhance the antitumor function of IVS cells. Regimens of 
more than one lymphokine could reduce the toxicity resulting 
frem high doses of single agents while maximizing their thera- 
peutic efficacy. We found that neither IL-2 nor interferon alfa 
could enhance the antitumor effect of very low numbers of 
IV5 cells (Table 6). However, combined treatment with IL-2, 
interferon alfa, and IVS cells caused a significant reduction of 
the numbers of pulmonary metastases. This suggests that 
interferon alfa and IL-2 can synergistically enhance the ther- 
apeutic efficacy of IVS cells in adoptive immunotherapy. It is 
consistent with our results that the antitumor effect mediated 
by tumor-infiltrating lymphocytes was also found to be syner- 
gistieally enhanced by concomitant treatment with IL-2 and 
interferon alfa.” Both tumor-infiltrating lymphocytes and 
IVS effector T cells have been shown to be therapeutically 
efficacious in the adoptive immunotherapy of advanced tu- 
mers in similar animal models.?* Successful therapy of ad- 
vanced tumors using tumor-infiltrating lymphocytes, howev- 
er, has required pretreatment of the host with 
cyclophosphamide or sublethal irradiation, presumably to 
eliminate tumor-induced immunosuppression. In contrast, 
therapy of similar tumors using IVS cells has not required 
cyclaphosphamide or irradiation. We also have demonstrated 
that antitumor-reactive IVS cells can be generated against a 
defined nonimmunogenic tumor, which has not been possible 
in previous studies of tumor-infiltrating lymphocytes.” 
These observations suggest that IVS cells and tumor-infil- 
trating lymphocyte cells are immunologically distinct lym- 
phoid cell populations. Whether the synergistic effect of in- 
terferon alfa with tumor-infiltrating lymphocyte or IVS-cell 
therapy is due to similar mechanisms is unknown. 
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Serum Levels Before and After Resection and Before Recurrence 


David Z. J. Chu, MD; Curtis A. Erickson, MD; M. Patricia Russell, MA; Carolyn Thompson, MS; Nicholas P. Lang, MD; 


. RalphJ. Broadwater, MD; Kent C. Westbrook, MD - 


7, * The use of carcinoembryonic antigen was evaluated in 425 
patients with a mean follow-up of 48 months. The preoperative 
" and postoperative carcinoembryonic antigen levels were predic- 
tive of recurrence and survival independent of the tumor stage. In 
a multivariate regression analysis of age, location, tumor stage, 
and preoperative and postoperative carcinoembryonic antigen 
levels, the latter three factors were significant prognostic vari- 
ables with respect to the adjusted survival. Recurrent disease 
was found in 42% of patients, excluding patients with stage IV 
disease. The carcinoembryonic antigen level at recurrence was 
greater than 5 ng/ml. in 79% of the patients and in 89% of the intra- 
abdominal recurrences. Carcinoembryonic antigen level at re- 
currence was not predictive of postrecurrence survival except in 
the subgroup of loceregionai disease. The life span in patients 
with liver and lung metastases was not influenced by carcinoem- 
p bryonic antigen level at recurrence. Preoperative and postopera- 
|»... tive carcinoembryonic antigen levels can indicate a poorer prog- 
oe nostic group of patiants with colorecta! cancer who may benefit 
from adjuvant treatment. The carcinoembryonic antigen at recur- 
rence can be used effectively to diagnose intra-abdominal recur- 
rences and project survival after development of local/regional 

disease. 

(Arch Surg. 1991:126:314-316) 


ince the deseription of carcinoembryonic antigen (CEA) 

by Gold and Freedman’ in 1965, CEA has been well 
recognized and used as a tumor marker.’ It is expressed in 
various malignant and benign diseases and consequently is 
not sufficiently speeifie or cost-effective for the diagnosis of a 
particular tumor. 
— The use of CEA in treating coloreetal carcinoma (CRC) is 
< not uniformly accepted and needs reevaluation, in view of 
recent positive adjuvant therapy trial reports. In addition, 
-the role of CEA in the treatment of recurrent disease needs 
clarification. Herrera et al’ showed in 1976 that the preoper- 
_ ative CEA levels increased with tumor stage and in 1978, 
Wanebo et al* showed that in Dukes’ stage B and C disease, 
elevated preoperative CEA levels predicted a higher inci- 
ence of recurrence. The prognostic value of preoperative 
EA, independent of tumor staging, is disputed in studies by 
Moertel et al’ and cthers.** Steele et al* found that preoper- 
ative CEA has prognostic significance only in Dukes’ stage C 
disease with more than four involved nodes and not in rectal 
ümors. 
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Postoperative surveillance for early recurrent disease in 
patients with CRC should include serial CEA measure- 
ments, "" The early diagnosis of recurrent tumor initiated by 
elevated CEA levels increases the resectability rate, espe- 
cially that of liver metastases,” and second-look laparotomy is 
recommended." The first postoperative CEA level mea- 
sured 1 month after surgery (postoperative CEA) indicates 
likelihood of recurrence, probably as a reflection of occult 
unresected disease. Carcinoembryonic antigen levels at the 
time of the diagnosis of recurrence (RCEA) have been report- 
ed to be of prognostie value for the subset of liver 
metastases, ^'^ 

We examined the usefulness of CEA measurement in a 
group of patients with CRC and specifically studied preoper- 
ative and postoperative CEA and RCEA, seeking to clarify 
their role in this group of patients. 


PATIENTS AND METHODS 


We studied 425 patients with primary CRC tumors resected at the 
MeClellan Veterans Affairs Hospital, Little Rock, Ark, between 
1953 and 1986. Patients who were treated elsewhere and referred for 
postoperative follow-up or for treatment of recurrence were exclud- 
ed. Eesults of preoperative CEA measurements (within a month 
prior to CRC resection), postoperative CEA measurements (be- 
tween 1 and 3 months after surgery) and RCEA measurements 
(within 1 month of diagnosis of the recurrence) were obtained from 
the clinical laboratory and patients records. Roche (Nutley, NJ) 
racioimmunoassay was used from 1975 to 1982, and thereafter, the 
Abbott enzyme-linked immunosorbent assay was used. These two 
assays have been found to be comparable." Data on patient demo- 
graphics and tumor characteristics were abstracted from the medical 
records and the tumor registry. 

Since 1975, the protocol at the McClellan Veterans Affairs Hospital 
has included measuring CEA in patients with CRC at diagnosis, at 
their first outpatient postoperative visit, every 3 months for 3 years, 
every 6 months for the next 2 years. Of the 425 patients in this 
study, preoperative CEA was measured in 94%, postoperative CEA 
in 7356, and RCEA in 93%. The mean follow-up period was 48 months. 

Survival patterns were plotted by using the Kaplan-Meier method 
and significant differences were analyzed by the log-rank and Wil- 
coxom rank methods. Cox proportional hazard model was applied to 
the variables of age, location, stage, and preoperative and postopera- 
tive CEA with respect to the dependent variable of survival. 


RESULTS 


The mean age of the 425 patients was 65 years. All except 
eight veterans were male. Distribution of the patients accord- 
ing to the American Joint Committee on Cancer TNM classifi- 
cation” by stage of the primary CRC was as follows: 17% had 
stage I disease, 30% had stage II, 26% had stage III, and 27% 
had stage IV. The primary tumors in the large bowel were 
located in the cecum (12% of cases), ascending colon (7%), 
transverse colon (9%), descending colon (5%), sigmoid colon 
(28%), and rectum (88%). The 5-year nonadjusted survival 
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Survival plots of patients according to tumor stage and preoperative carcinoembryonic antigen levels in three groups: less 
than 5 ng/mL (solid line), 5 to 10 ng/mL (dotted line), and greater than 10 ng/mL (dashed line). Survival plots for patients with 
stage | disease are not shown. Left, Patients with stage || tumors, P = .03 by log-rank test. Center, Stage III tumors, P = .04. 


Right, Stage IV tumors, P=.17. 


rate was 75% for stage I, 49% for stage II, and 34% for stage 
III, there were no 5-year survivors with stage IV disease. 

The patients were divided into three groups accorcing to 
their CEA levels: less than 5 ng/mL, between 5 and 10 ng/mL, 
and greater than 10 ng/mL. Nearly all patients with stage I 
disease had normal preoperative CEA values, 63 patients had 
CEA levels less than 5 ng/mL, nine patients had levels be- 
tween 5 and 10 ng/mL, and one patient had a preoperative 
CEA level greater than 10 ng/mL. The distribution of pa- 
tients with stage II disease was as follows: 89 had preoper- 
ative CEA kvels less than 5 ng/mL, 16 had preoperative CEA 
levels between 5 and 10 ng/mL, and 21 had preoperative CEA 
levels greater than 10 ng/mL. Similarly for stage III, 61 had 
preoperative CEA levels less than 5 ng/mL, 20 had preoper- 
ative CEA -evels between 5 and 10 ng/mL, and 20 had preop- 
erative CEA levels greater than 10 ng/mL. Of patients with 
stage IV di&ease, 39 had preoperative CEA levels less than 
5 ng/mL, 0 had preoperative CEA levels between 5 and 
10 ng/mL, and 59 had preoperative CEA levels over 
10 ng/mL. The survival rates were plotted by the Kaplan- 
Meier method for each of the three levels of preoperative 
CEA within each of the four CRC stages. The preoperative 
CEA levels affected the survival rates of patients with stages 
II and III disease significantly (P = .003 and P = .04 for stages 
II and III, respectively, by log-rank analysis) as shown in the 
Figure, left and center. There were no survival differences 
for the three preoperative CEA levels in patients with stage 
IV disease, shown in the Figure, right. To confirm that the 
preoperative CEA level was a prognostic variable indepen- 
dent of stage and other variables such as age or tumor loca- 
tion, a Cox multivariate regression analysis was used. Stage 
(P —.001), preoperative CEA level (P = .008), and postopera- 
tive CEA level (P = .001) were found to be significant factors, 
while age (Hr adjusted survival) and location including rectal 
sites (P>.05) were not significant with respect to survival. 

In stages I through III, the postoperative CEA was great- 
er than 5 ng/mL in 43 patients, but greater than 10 ng/mL in 
only 15 patients. Twenty-eight patients underwent a relapse 
(66% of patients with postoperative CEA levels between 5 
and 10 ng/mL and 63% with postoperative CEA levels greater 
than 10 ng/mL), while only 18% of patients with postoperative 
CEA levels less than 5 ng/mL had a relapse. 

Recurrent disease was found in 132 patients, 42% overall, 
excluding patients with initial stage IV disease. The sites of 
initial recurrence are shown in the Table, separated into the 
three groupings of RCEA levels. Many of these patients were 
found to heve multiple sites of disease prior to death. The 
postrecurrence survival rates were plotted for all recurrences 
and for the single sites of liver, lung, and local/regional metas- 
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Distribution of Recurrences by Sites and Recurrence 
Carcinoembryonic Antigen Levels* 


Carcinoembryonic Antigen Level, 
926 
M —— — 


No. of Patients —5 ng/mL 5-10 ng/mL >10 ng/mL 






Sites 








All 132 21 (18) 21 (13) 58 (10) 
Local/regional 45 18 (26) 27 (14) 55 (7) 

Liver 45 9 (18) 4 (13) 87 (11) 
Lung 23 30 (11) 22 (8) 48 (7) 

Otherst 18 44 44 12 





*Numbers in parentheses represent median survival in months for each 
group except for tumors in lymph nodes, bones, and brain. 
tLymph nodes, bone, or brain. 


tases. Survival differences between the three groups of 
RCEA, less than 5 ng/mL, between 5 and 10 ng/mL, and 
greater than 10 ng/mL, were analyzed by the log-rank method 
and significance was found only in local and regional recur- 
rence sites (P = .04). 

As a diagnostic aid for recurrent disease, RCEA was ele- 
vated to levels greater than 5 ng/mL in 89% of patients with 
metastases in the abdominal cavity. Eighteen percent of pa- 
tients with local and regional recurrences had RCEA levels 
less than 5 ng/mL, and many of these tumors were found by 
physical examination and endoscopy. 

Of 47 reoperations for recurrent tumors, 15 were CEA- 
directed laparotomies. The resection rate for reoperations 
initiated by RCEA was 5496. One patient with a CEA level of 
18 ng/mL underwent a second-look laparotomy that did not 
uncover any occult recurrent tumor. This patient had a re- 
lapse in the lung 14 months later. Some of these patients have 
been previously described." The protocol for proceeding with 
a CEA-directed laparotomy was initiated by an elevated 
RCEA level. A patient's RCEA level was considered elevat- 
ed at 2 SDs of interassay error above the patients own 
baseline level." After a second elevated RCEA level was 
measured at least 2 weeks after the initial RCEA elevation, 
work-up for recurrent disease was performed, including chest 
roentgenography, abdominal (and pelvis, if primary CRC was 
located below the pelvic rim) computed tomography, and 
colonoscopy. Bone and brain scans were included for symp- 
tomatic patients. If the recurrence was found on the basis of 
these tests, then surgical treatment proceeded according to 
the nature of the recurrent disease. If no evidence of recur- 
rence was detected, a second-look laparotomy was carried 
out. 
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COMMENT 


Although 25 years have elapsed sinee the isolation of CEA, 
questions remain unanswered in the use of this tumor marker 
in patients with CRC, The results found in this series of 425 
patients treated at a single institution are consistent with 
several published works. Elevated preoperative CEA is asso- 
ciated with poorer prognosis independent of the disease 
stage." Two investigators have also made the same conclu- 
sion using the Cox proportional-hazard analysis. ^? 

Preoperative CEA can indicate a subgroup of patients that 
may benefit from adjuvant treatment, such as a program of 
fluorouracil and levamisole.” In that study by Laurie et al, 
patients with Dukes’ stage B disease did not benefit from the 
adjuvant protocol. The question remains whether patients 
with Dukes stage B or stage II disease with elevated preop- 
erative CEA could have a better chance for survival when 
receiving this adjuvant treatment. Another prognostic vari- 
able shown to be independent of stage is DNA histogram 
obtained by flow cytometry.” Two studies showed that aneu- 
ploid tumors expressed elevated levels of preoperative 
CEA.?^* 

In the follow-up of patients with CRC, the elevation of CEA 
a level above a patient's own baseline level" signals recurrent 
disease preceding the onset of symptoms by 4 to 6 months.” In 
addition, the use of CEA for postoperative surveillanee is 
more cost-effective than imaging or liver enzyme tests." The 
need for early diagnosis of recurrent disease prior to manifes- 


tation of symptoms is usually met with skepticism. However, 
with recent work indicating higher resection rates with CEA- 
directed diagnosis," improved survival with resections of 
liver metastases," and improved tumor response rates with 
regional infusion therapies,” there is a renewed interest in 
RCEA. The present series shows that the RCEA level is 
elevated in 89% of abdominal relapses. Since this recurrence 
site has the best treatment option, this justifies the use of 
periodic serum CEA tests in the postoperative treatment of 
pat:ents with CRC. Local recurrences can be associated with 
normal levels of RCEA. The majority of these favorable 
recurrences can be diagnosed by physical examination and 
lower endoscopy. Several laboratory and clinical studies^* 
have suggested that an elevated CEA level indicates the 
tumor characteristics of more aggressive tumor growth. If 
founc to be a significant prognostic factor, RCEA could then 
be used to plan the treatment of the recurrent disease. The 
CEA level was found not to influence postrecurrence survival 
except in the local/regional recurrence of tumor. It is conceiv- 
able that, in a study with more patients or with longer postre- 
currence survival, the RCEA may turn out to have greater 
prognostic significance overall or in patients with liver metas- 
tases. The question of whether the elevated serum CEA, 
before or after surgery, indicates an increased tumor load or a 
tumor with more aggressive cell clones eannot be answered 
by this study. 

We thank the tumor registrars Ruby Mitchell and Mary McDermott for their 
invaluable assistance. 
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Nonsedating compared with placebo* — 
important for ambulatory procedures 


Nonopiate, nonaddictive, nonscheduled 
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Efficacy comparable to that of 
meperidine 100 mg IM and 
morphine 12 mg IM 


— 


Avoids narcotic side effects 
that can delay ambulation’ 





Flexible use, with or 
without narcotics 


Advantages for patients at 
narcotic and/or respiratory risk 


Convenient g6h regimen 


Can be supplemented with prn narcotic ** t 
for severe or “breakthrough” pain 


TORADOL ™ and narcotics may be administered concomitantly 
but not in the same syringe. 


References: 1. Brandon Bravo UC, et al. The effects on ventilation of ketorolac in comparison with morphine. Eur J Clin Pharmacol 
1988,35:491-494. 2. Camu F, et al. Hemodynamic effects of ketorolac tromethamine in comparison to morphine in anesthetised 
patients. In: 9th Werid Congress of Anaesthesiologists, Abstracts Volume |: Scientific Papers A000! to 40506; May 22-28, 1988; 
USA. Abstract AC167. 3. Data on file, Syntex Laboratories, Inc. (ICM studies: 994, 1060. 1254, 1302). [TORADOL 30 mg IM 
(N=509), morphine 10 76/12 mg IM (N=151); TORADO! 30 mg IM (N=103), meperidine 100 mg IM(N=102). Nausea: TORADOL 
8%, morphine 21%/TORADOL 3%. meperidine 20%; Vomiting: TORADOL 5%, morphine 9%/TORADOL 1%, meperidine 12%; 
Somnolence: TORADOL ! 4%, morphine 34%/TORADOL 6%, meperidine 1495; CNS Effects: TORADOL 23%, morphine 44%/TORADOL 
21%, meperidine 30%.] 4. Dara or file, Syntex Laboratories, Inc. (ICM study: 1324). 


' As with other nonsteroidal drugs, the most frequently reported side effects are 
gastrointestinal, with some GI symptoms reported by 3% to 9% of patients in clinical trials. 
See "Warnings," “Precautions” and “Adverse Reactions" sections of product information. 


TORADOL” * (ketorolac tromethamine) is a product of Syntex Laboratories, Inc. 


Roche Laboratories 


A a division of Hoffmann-La Roche Inc. 


ings P.l. 1289 
340 Kingsland Street 
Nutley, New Jersey 07110-1199 Please see summary of product information on following page. 17-90-8000-004-0 1 1 


á 


TORADOL® M (ketorolac tromethamine) 

Brief Summary 

TORADOL is a nonstemidal anti-inflammatory drug (NSAID). TORADOL 15 mg/mL solution contains 10% (w/v) alcahol, USP, 
and 6.68 mg sodium chloride in sterile water. The 30 mg/mL solution contains 10% (w/v) alcohol, USP, and4.35 mg sodium 


chloride in sterile water The pH is adjusted with sodium hycrexide or hydrochloric acid. Indications and Usage: ndicated 
for the short-term management of pain. Not recommended ‘or use as an obstetrical preoperative medicationor for o5stetrical 


analgesia because it has not been adequately studied and because of the known effects of NSAIDs on uterine contraction and : 


fetal circulation. Not recommended for routne use with cther NSAIDs because of the potential for addiive sida effects. 
TORADOL protein-binding is affected by aspirin but not by acetaminophen, ibuprofen, naproxen or piroxicam. Studies with 
other NSAIDs have notheen done. Has been used concomitantly with morphine and meperidine without adverse interactions. 
Contraindications: Do not use in patients with hypersensitivity to ketorolac or with the complete or partial syndrome of 
nasal polyps, angioedema, and bronchospastic reactivity 10 aspirin or other NSAIDs. Warnings: Although TORADOL 
Injection is recommended for short-term use only, long-term administration of oral ketorolac has shown that this drug shares 
the risks of other NSAIMs when taken chronically. Serious GI tcxicity, such as bleeding, ulceration, and perforation, can occur at 
any time, with or without warning symptoms, in patients treated chronically with NSAIDs. Remain alert fer ulceration and 
bleeding in such patients, even in the absence of previous Gl tract symptoms. In clinical trials, symptomatic upper SI ulcers, 
gross bleeding or perforation appear to occur in approximately 1% of patients treated for 3-6 months, and in about 2-4% of 
patients treated for 1 year. Inform patients about the signs and/or symptoms of serious GI toxicity and what steps to teke if they 
occur. Studies have nc: identified any subset of patients no: at risk of developing peptic ulceration and bleeding. Except for a 
prior history of serious Gi events, and other risk factors known to be associated with peptic ulcer disease, such as alcoholism, 
smoking, etc., no risk factors (e.g., age, sex) have been assaciated with increased risk. Elderly or debilitated patients seem to 
tolerate ulceration or bleeding less well than others and mast spontaneous reports of fatal Gl events are ir this pcpulation. 
High doses of an NSAIB probably carry a greeter risk of thes2 reactions In considering the use of relatively large doses (within 
the recommended dosage range), sufficient benefit should be anticipated to offset the potential increased msk of Gl toxicity. 
Precautions: Impaired Renal or Hepatic Function: As with ether NSAIDs, use with caution in patients withimpaired renal or 
hepatic function, or a story of kidney or liver disease. Renal Effects: As with other NSAIDs, long-term administration to 
animals resulted in reme! papillary necrosis and other abnormal renal pathology. In humans, hematuria and proteinuria have 
occurred in long-term tals with oral ketorolac with a frequency and degree similar to aspirin, A second form of renal toxicity 
has been seen in patients with conditions leading to a reduction in blood volume and/or renal blood flow. In nese patients, an 
NSAID may precipitate overt renal failure. Patients at greatest risk are those with impaired renal function, heart failure, liver 
dysfunction, taking diuretics, and the elderly. Discontinuation of the NSAID is typically followed by recovery. Use with caution 
in patients with impaired renal function as reduced creatinine clearance results in reduced clearance of the crug. Fo low such 
patients closely. Fluid Retention and Edema: These have been reported with NSAIDs; use TORADOL with caution in patients 
with cardiac decompensation, hypertension, or similar concitions. Hepatic Effects: With NSAIDs, borderline elevations of liver 
tests may occur in up t 15% of patients. These may progress, remain unchanged, or disappear with continuec therapy 
Elevations of ALT (SGPT) or AST (SGOT) occurred in clinical trials with oral ketorolac in less than 1% of parents. Evaluate a 
patient with symptoms and/or signs suggesting liver dysfunction, or in whom an abnormal liver test has occurred, for evidence 
of a more severe hepaticreaction. Hematologic Effects: TORADOL inhibits platelet aggregation and may prolong bleeding time 
but does not affect plaratet count, prothrombin time (PT) or partial thromboplastin ume (PTT). Carefully observe patients with 
coagulation disorders or who are receiving drug therapy thet interferes with hemostasis. Inhibition of platelet function by 
TORADOL disappears-within 24-48 hours after the drug s discontinued. In clinical studies, the incidence of clinically 
significant postoperative bleeding was 0.4% compared to 0.2% in the groups receiving opiates. Drug Interactrons: TORADOL is 
highly bound to plasma protein (mean 99.2%), independent of concentration. /n vitro binding of warfarin to plasma proteins is 
slightly reduced by TORADOL (99.5% control vs 99.3% with TORADOL 5-10 g/ml). TORADOL does not altar digoxin protein 
binding. At therapeutic concentrations of salicylate (300 j:g/mL], in vitro binding of TORADOL was reduced from 99.2% to 
97.5%, a potential 2-fdi increase in unbound TORADOL piasma levels; hence, use TORADOL with cautior (or at a reduced 
dosage) in patients berg treated with high dose salicylate regimens. Therapeutic concentrations of digoxin, warfarin, 
ibuprofen, naproxen, acetaminophen, phenytoin, tolbutamide and piroxicam did not alter TORADOL protein binding. In a study 
of 12 healthy volunteessgiven TORADOL 10 mg orally for 6 days prior to co-administration of a single dose o` warfarin 25 mg. 
no significant changes m pharmacokinetics or pharmacodynamics of warfarin were detected. In another study of @ healthy 
volunteers, co-administration of heparin 5000 U s.c. and TORADOL did not show any pharmacodynamic effects of the 





TORADOL® M (ketorolac tromethamine) 

combination on template bleeding time or kaolin cepha'in clotting time. There is nc evidence that TORADOL induces or inhibits 
the hepatic enzymes capable of metabolizing itself or other drugs. Some NSAIDs inhibr: renal lithium clearance, leading to 
increased plasma concentration. This has not been studied with TORADOL Some NSAIDs reduce te clearance of 
methotrexate, enhancing its toxicity. This has not been studied with TORADOL. TORADOL has been administe ed concurrently 
with morphine in clinical trials without adverse interactions. Carcinogenesis, Mutagenesis, and Impairment of Fertility: 
Studies in mice and rats at oral doses equal to or 2.5 times the parenteral MRHO (Maximum Recommended Human Dose), 
respectively, showed no evidence of tumongenicity. Ketorolac was not mutagenic in tests with S. typhimurium, S. cerevisiae, 
or E. coli and did not cause chromosome oreakage in the /? vivo mouse micronucleus assay. Impairment o fertility did not 
occur in ma e or female rats at oral doses 4.5 and B timas the parenteral MRHD, respectively. Pregnancy: Pregnancy Category 
B: Reproduction studies in rabbits and rats with daily oral doses | B and 5 times the parenteral MRHD, respectively, did not 
reveal evidence of harm to the fetus. Ketorolac caused delayed parturition and dystocia im rats at oral dosesshigher than the 
parenteral MRHD, like other NSAIDs. There are no adequate and well- controlled studies inpregnant women. E)JRADOL should 
be used during pregnancy only if clearly needed and no known safer alternatives are available. Labor and Delivery: TORADOL is 
not recommended for use during labor and delivery. Lactation and Nursing: Alter à single oral dose of TORADOL 10 mg to 
humans, the maximum milk concentration was 7.3 ng/mL and the maximum milk-to-plasma ratio was 0.037. After one day of 
dosing (gid), the corresponding values were 7.9 ng/mL and 0.025. Use caution when TOAADOL is administered to a nursing 
woman. Pediatric Use: TORADOL is not recommended for use in children. Use rn the £iderly: Because ketwrolac is cleared 
more slowly by the elderly, who are also more sensitive 1o renal effects of NSAIDs, use extra caution and reduced dosages when 
treating the elderly. Adverse Reactions: Adverse reaction rates from short-term use 3f NSAIDs are genesally 1/2 to 1/10 
the rates associated with chronic usage. This is also true for TORADOL. In stucies o! patients treated for wp to 1 year, the 
incidence o* serious and nonserious ADRs. including Gl tract ulceration and bleeding (yearly rate 1.210 5.4%), associated with 
oral ketorolac 10 mg, 1 to 4 times per day prn, was comparable to treatment with aspirin 650 mg prn. Be alert for the usual 
complications of NSAID treatment. The adverse reactions listed below were reperted 10 be probably relatec to TORADOL in 
trials in which patients received up to 20 doses of TORADOL 30 mg IM in 5 days. /ncidence greater than 1%: Body as a whole: 
edema. Gl: nausea* dyspepsia” GI pain* diarrhea. Nervous system: drowsiness.” dizziness, headache, sweating. Injection 
site pain was reported by 2% of patients in multidose studies (vs 5% for morphine). *Incidence of reported reaction 3%-9%. 
Reactions occurring in less than 3% are unmarked. /ncidence 1% or less: Body as a whole: asthenia, myalgia Cardiovascular: 
vasodilation, pallor. Dermatologic: pruritus, urticaria. Gl: constipation, flatulence, Gl tullness, liver functio» abnormalities, 
melena, peptic ulcer, rectal bleeding, stomatitis, vomiting. Hemic and lymphatic: purpura Nervous system: dry mouth, 
nervousness, paresthesia, abnormal thinking, depression, euphoria, excessive thirst, inability 10 concenmate, insomnia, 
stimulation, vertigo. Respiratory: dyspnea, asthma. Special senses: abnormal taste abnormal vision. Urogenital: increased 
urinary frequency, oliguria. Drug Abuse and Physical Dependence: TORADOL «s not a narcotic agoni 1 or antagonist. 
Subjects did not show any symptoms or signs of withdrawal upon abrupt discontinuation af IV or IM dosing. Patients recewing 
TORADOL arally for = 6 months have nat developed tolerance and there is nc pharmacologic basis to & pect addiction, 
TORADOL did not exhibit activity in classical animal studies which are reasonable predictors of opiate anaagesic action. In 
vitro, TORADOL does not bind to opiate receptors. Thus, TORADOL does not have centra: opiate-like activity Overdosage: 
Lack of experience with acute overdosage precludes characterization of sequelae and assessment of antiaptal efficacy. At 
single oral doses > 100 mg/kg in rats, mice and monkeys, symptoms such as decreased activity, diarrhee pallor, labored 
breathing, rales, and vomiting were observed. Dosage and Administration: TORADOL may be used on a segular schedule 
or prn, although current recommendations for pain management are to use analgesics 07 a regular schedule rather than prn 
based on the return of pain. For the short-term management of pain the recommended initial dose is 30 œ 60 mg IM as a 
loading dose, followed by half of that (1 or 30 mg) every 6 hours as long as needed to control pain. The recommended 
maximum total daily dose is 150 mg for the first day and 120 mg/day thereafter. The lower end of the dosage range is 
recommended for patients under 50 kg (WO pounds], for patients over 65 years of age, and for patients wilh reduced renal 
function. CAUTION: Federal law prohibits dispensing without prescription 
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Technic jue of Photodynamic Therapy 
for Disseminated Intraperitoneal 


Malignant Neoplasms 


Phase I Study 


William F. Sindelar, MD, PhD; Thomas F. DeLaney, MD; Zelig Tochner, MD; Garter F, Thomas; 


|. € Patients with disseminated intraperitoneal malignant neo- 
. plasms were given intra-abdominal photodynamic therapy. Pa- 
-Hents received dihematoporphyrin ethers intravenously 48 to 72 
.. hours before laparotomy at doses of 1.5 to 3.0 mg/kg. At opera- 
- tion, as much tumor as possible was resected. Red light (630 nm) 
was delivered to al peritoneal surfaces from an argon-pumped 
dye laser at doses ranging from 0.2 to 3.0 J/cm’ in an escalating 
fashion. Viscera and peritoneal surfaces were anatomically iso- 
lated and exposed to light for intervals calculated to deliver the 
... prescribed energy. Light was delivered to mesentery and bowel 
by a flat-cut optical fiber, while other areas, including diaphragm, 
viscera, omental bursa, gutters, and pelvis, were delivered light 
; through a diffusing wand. Twenty-three patients (13 with ovarian 
. cancer, eight with sarcoma, and two with pseudomyxoma peri- 
_  toneli) underwent photodynamic therapy. Five of eight patients 
| cleared positive peritoneal cytologies after treatment. Six pa- 
.. tients remained clinically free of disease for up to 18 months, and 
. five patients had treatment-reiated compiications. intraperitone- 
al phototherapy is technically feasible and deserving of clinical 
evaluation. 
.^ (Arch Surg. 1991;126:318-324) 
























AA. goal of cancer treatment is the selective destruetion of 

- malignant cels with the preservation of normal tissues 
and functions. Photodynamic therapy destroys malignant tu- 
mors through the uptake of photosensitizing compounds, 
which are then activated by light exposure of a particular 
tensity and wavelength.” Activated photosensitizer inter- 
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Laura J. Dachoswki, RN; Paul D. Smith, PhD; Walter S. Friauf, MEE; John W. Cole, MSEE;Eli Glatstein, MD 


acts with molecular oxygen to produce singlet oxygen that 
results in cellular destruction. Phototherapy employs photo- 
sensitizers that are retained preferentially in malignant com- 
pared with many normal tissues.‘ Tissues retaining the photo- 
sensitizers are destroyed when the compounds are activated 
by light of sufficient dosage (energy density). Selective tumor 
destruction and normal tissue sparing can be accomplished by 
preferential uptake of the photosensitizer by neoplastie tis- 
sues and by light delivery specifically to tumor-involved 
regions, 

Photodynamic therapy has been demonstrated to be effec- 


tive in eradicating transplanted tumors in experimental ani- 


mails." Phototherapy utilizing hematoporphyrin derivative, a 
mixture of porphyrins derived from bovine hemoglobin, has 
been utilized clinically for the palliation of obstructing lesions 
of the esophagus’ and the tracheobronchial tree," for the 
treazment of bladder tumors,’ and for the local control of 
various neoplasms that occur on the skin’s surface.*? 
Disseminated malignant disease within the peritoneal eavi- 


ty is a difficult clinical problem that ean cause chronic pain, 
Whichican lead to intestinal or genitourinary obstruction, and 
. Which: 


in progress to visceral perforations. While radiothera- 
py and chemotherapy may have therapeutic benefit in some 





patients, the rate of treatment-related toxic effects can be 
high, and peritoneal carcinomatosis usually is resistant to 
. most therapeutic efforts. 













Tochner and colleagues" demon- 
porphyrin derivative 
ssed percutane- 























ral part of phototherapy in the abdominal cavity to 
tumor volume to a size that enabled complete penetra- 
»oplasm by light to activate the photosensitizing 
urrent investigation represents a feasibility and 
y to develop methods to deliver photodynamic 
&tients with disseminated peritoneal malignant 

brough surgery, photosensitization, and intra- 
operative li ight delivery. 


PATIENTS AND METHODS 
Patient Population 





Patients were considered for study participation if they presented 
with intraperitoneal malignant neoplasms that had recurred or per- 
sisted following conventional surgical therapy, radiotherapy, or che- 

: motherapy. = tients were required to undergo pretreatment evalua- 
tions dur ing Which no disease was detected outside the abdominal 










Table 1.-— Patient Population 


Lu. No. Debulked and 
Type of Malignant Treated With 
— Na. Evaluated TRO 


residet tract Sia 


































eavity, no hepatic parenchyma. metastases were documented, no 
medicai contraindieations to laparotomy and abdominal tumor de- . 
bulking were identified, and no contraindications to photosensitizer — 
therapy (such as severe hepatic dysfunction or porphyria) were de- — 
tected. All patients underwent complete hematologie and roentgeno- 
graphic evaluation before consideration for treatment. Ali patients - 
were required to sign informed consent documents in aceordanee with | 
guidelines for clinical research at the National Institutes of Health, 
Bethesda, Md. 3 

Thirty-two patients with sida éd 


ovarian cancer, some had Ee ug 
other types of tumors. Patients (12 men and 203 
from 23 to 74 years. Twenty-three patien 
bulking, with the removal of as much tumor as | 
behind no neoplastic nodules greater than 5 mm 
was delivered to all peritoneal surfaces in escalati 
Patients underwent clinical assessment after treat 
intervals of at least every 3 months and were examined specifically ——— 
for indieations of treatment-related toxic. effects or “disease SS BN 
progression. 


Photosensitizer 


All patients received intravenous dihematoporphyrin ethers Pho- cas 
tofrin H, Quadra Logic Technologies, Vancouver, Canada). Theini- . = — 
tial drug dose was 1.5 mg/kg administered 72 hours preceding sched- = — 
uled laparotomy. The drug dose was subsequently ‘escalated to ee 
2.0 mg/kg and then to 2.5 mg/kg; one patient received 3.0 mg/kg. The -— | 
time of drug administration was reduced from 72 to 48 hours before —— 
laparotomy (Table 2). All patients receiving photosensitizer were oe 
instructed to avoid sun exposure for a minimum of 6 weeks to prevent A 
skin photosensitivity reactions. ER 








Table 2. — Patients Treated With Intraperitoneal Phototherapy* 


Sensitizer 
Adjunct Dose, 
Treatment mg/kg — Surgery h J/cm’ 


Target 
‘Histologic 


B Finding 


Total Cytologic Findings 
interval to Dose, Energy, <*> 





Status 
at Last 
Follow-up 


Dead at 8 mo 
Alive at 24. mo: 
Alive at 23 mo 


Time to 
Major Relapse, 
Treatment Follow-up Complications mo 


Positive Negative 
Positive Negative 


Positive Negative Bleeding 



















4/49/F - Ovarian None 1.5 72 0.5 8484 Negative "E None 8 Alive at 18 mo 
5/49/F Pseudomyxoma None 15 72 05 9204 Positive ND None NED Alive at 18 mo 
peritoneii 
6/43/M . Sarcoma None 1.5 72 0.6 12936 Negative vs None 5 Alive aema oj 
.. 7TI62/M Sarcoma None 1.5 72 0.8 16671 Negative ... None 1!  Deadatidmo |. 
8/59/M- Sarcoma None 1.5 72 10 23721 Positive ND None 2  Alveati5mo | 
HOD ME | 9/64/F x Ovarian None 1.5 72 1.2 19047 Positive Positive None 2 Alive at 14 me 
I. 10/65/F Darian None 15 72 14 23895 Negative ^ ... None NED Alive at 14 me 
TATE Or None 15 72 1.6 31237 Positive ND None 5 Alive at 14 mo 
7 i 7 None 15 72 1.8 29704 Negative ... None 2 Alveati2mc 
13/4 O None 45 72 2.0 33588 Positive Negative None 8 = Alive at 12. me 
= 14/69/F Ovarian ^ Noe 20 48 20 32788 Positive Positive None 2 Deadatémo 
.. 15/65/M Sarcoma Noe | 20 | 48 20 36118 Positive ND Pancreatitis 7 Dead at 7 mo. 
8 | Positive ND None 4  Aliveat9 mo 









At ` Pgeudomyxoma Positive Alive at 9 mo 


peritoneii 











Alive at 9 mo 
Alive at 8 mo - 
Alive at 8 mo 
Alive at 8 mo 
Alive at 8 mo 
Alive at 7 mo- 


Negative 
Negative 









. Perforation 
 .Urinoma NED 
"Perforation 









| € e ORT S 28 57943 


VF. Ovarian O Noe ^ 25 e 





Negative 
Positive 
Positive 





















‘done because of technical a protien with the sritoneal dialysis catheter; NED, no evidence of disease relapse at the time of the last follow- 


initsopentbe: radiation therapy 
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__All patients underwent surgical exploration through a midline 

abdominal incision to determine the extent of disease and to deter- 
nine whether debulking of tumor was technically possible. All sur- 
gery was performed under operating room lights, which were filtered 
to block light wavelengths less than 550 nm to minimize nonspecific 
photoactivation. On entry into the abdominal cavity, peritoneal 
washings were performed in all patients followed immediately by 
examination. Patients for whom malignant cells were found on intra- 
operative cytologic examination underwent peritoneal dialysis cathe- 
ter placement at the conclusion of the procedure to enable serial 
sampling of peritoneal cytology to assess the efficacy of therapy in 
clearing the peritoneal cavity of malignant celis. 

At exploration, all intra-abdominal adhesions were lysed. Tumor 
nodules larger than 5 mm in overall diameter were removed whenev- 
_ er feasible, to leave residual disease that would permit light penetra- 
tion to the center of the lesion. The extentof surgery was determined 
by disease severity, and procedures ranged from lysis of adhesions 
only in patients with minimal disease to major intestinal and visceral 
resections to remcve bulk disease (Table 3). Total resection of all 
grossly visible disease was considered optimal and was attempted 
whenever achievable with an acceptable risk of surgical morbidity. 
All patients underwent laparotomy; one patient underwent a thora- 
coabdominal exploration. Twenty-three patients underwent success- 
ful tumor debulking and phototherapy. In nine patients, disease was 
considered at operation to be too extensive to resect, and exploration 
was performed without phototherapy. Patients who did not undergo 
resection or receive phototherapy were excluded from further study. 





Adjunctive Therapy 


Among the 23 patients who received photodynamic therapy, 21 
received no radiotherapy, chemotherapy, or other adjunctive modal- 
ity of therapy until relapse. Two patients with recurrent intra-ab- 

-dominal sarcomas received adjunctive intraoperative electron beam 
radiation therapy a: the time of surgical exploration. One patient had 
a locally recurrent sarcoma in the left iliac area that was treated 
intraoperatively with 15 Gy with the use of 11-MeV electrons. In 
another patient, a sarcoma was excised frem the left retroperitoneal 
gutter followed by 20 Gy with the use of 9-MeV electrons. Patients 
who received adjunetive radiation therapy had the intraoperative 
irradiation delivered following surgical resection and preceding 
phototherapy. 


Light Source 


-' e Red light (wavelength, 630 nm) was delivered to all peritoneal 
.. Surfaces in the 23 patients in whom tumor was adequately debulked 
. surgically at the time of laparotomy. The light source was an argon- 
pumped dye laser, which transmitted the light to the operating suite 
. through a transmission optical fiber (1.1 mm in diameter, 54 m in 
length) of fused silica (Quartz Products, Plainfield, NJ). The trans- 
mission fiber was coupled to sterile optical fibers in the operating 
Suite for light delivery. 
.; The penetration ef 630-nm red light in tissue was considered to be 
5 mm. Light penetration in tissue is a complex function of surface 
geometry, surface reflectance, and intrinsie tissue properties, includ- 
ig the volume of blood flow and the presence of melanin pigment and 
her chromophores. Measurements in various animal and human 
ssues indicate tha: after an initial reduction in light power (irradi- 
~ance) by surface reflectance, power falls eff exponentially with the 
distance traversed through tissue, with the penetration length (1/e 
Value) at approximately 2 mm.'^ In the clinical setting of photody- 




























red light, pathologic neerosis of tumor can be seen to depths of 
mm.” Accordingly, for study purposes, 5 mm was considered a 
reasonable maximal distance that 630-nm red light could be expected 
to penetrate in illuminated neoplastic tissue. | 
. Initially, a single laser and optical fiber were utilized for light 
Selivery (Model PRT 100, Coherent, Palo Alto, Calif). With light- 
dose escalation, a second laser (Model Innova 200, Coherent) and a 
second coupled optical fiber were added, sothat two lasers were used 
in tandem. | 

Laser power output was measured through the transmission fiber 
-bya power meter (Mocel 210, Coherent). Total power delivered into 
the optical fibers ranged from 1.5 to 7.5 W. "e 
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namic treatment of skin lesions treated by external illumination with | 


Table 3.— Extent of Surgery 





















Procedure | 

Exploration, no resection because of extensive 
- disease; no phototherapy 9 
Exploration, lysis adhesions, minimal tumor resection 4 
Tumor resection, no intestinal or visceral resection 

necessary 5 
Tumor resection, intestinal resection and 

anastomosis 2 
Tumor resection, major tissue or visceral resection, 

no intestinal resection 7 






Tumor resection, major tissue or visceral resection, 
intestinal resection and anastomosis 































Light Dose 


A target light dose was determined for each patient that reflected 
the light energy density delivered to peritoneal surfaces. The initial 
light dose (energy density) was 0.2 J/em". Light doses were serially 
escalated as patients were accrued to the study in increments rang- 
ing ‘rom 0.1 to 0.4 J/em" Maximum delivered dose was 
3.0 J/em". Total energy delivered ranged from 2997 to 56 460 J. | 

The target light dose was caleulated based on the peritoneal surface 
area, which was considered to be equivalent to the body surface area 
anc which was determined from height-weight nomograms. By set- 
ting the laser power output, the time required to deliver a particular 
energy density to the entire peritoneal surface could be calculated. 
The time of light exposure to various intra-abdominal organs was 
determined by the peritoneal surface area covering each tissue or 
orgar. Peritoneal surface areas of intra-abdominal regions were ini- 
tial'y calculated from information obtained from anatomic textual 
material and on measurements of peritoneal surfaces on computed 
tomographic scans, gastrointestinal tract series, and roentgeno- 
graphic studies. Table 4 shows the calculated peritoneal surfaces of 
various anatomic regions. Light delivery measurements were ob- 
tained during treatment of the first 10 patients, and discrepancies 
between calculated and measured light doses led to revision of surface 
area estimates (Table 4). Revised surface area estimates were uti- 
lized for treatment after the initial 10 patients were treated. Perito- 
neal surface areas were measured directly from anatomic dissection 
of a fresh cadaver and were correlated with the initial and revised 
calculated surface area estimates (Table 4). 

The light dose was delivered to various organs on the basis of time 
duration required to give the calculated target dose. The actual light 
delivery was measured by sterile photodiodes (Model VTB 4051, 
Vactec, St Louis, Mo), which were placed in the peritoneal cavity at 
the time of treatment. The photodiodes were connected to a miero- 
computer (Model 4, Compaq, Houston, Tex), which provided on-line 
reading of light intensity and accumulated dose to each photodiode. 


Diffusing Medium 


Per:toneal surfaces were covered with a dilute lipid emulsion that 
served to scatter the delivered laser light to reduce shadowing and to 
improve homogeneity of dose delivery. Intralipid (Kabivitrum, Ala- 
meca, Calif) was used as the dispersant in concentrations of 0.05% in 
the initial five patients and 0.02% in subsequent patients. Lipid 
emulsions were diluted with normal saline solution in the initial 10 
patierts, However, because of electrolyte shifts (particularly hypo- 
calcemia and hypomagnesemia) in patients after extensive intraperi- 
toneal irrigation, the lipid in subsequent patients was di- 
luted with 1.596 dextrose peritoneal dialysis solution (Dialyte, Ken- 
dall McGaw Laboratories, Irvine, Calif). 


Light Delivery 
Laser light was delivered to flat peritoneal surfaces (mesentery 


and intestine) through a sterile flat-cut 0.6-mm optical fiber that 


emitted a circular beam of light. The size of the beam was determined 
by the distance from the fiber, as the light beam diverged from the 


_ fiber source. The flat-cut fiber was held at a fixed distance, by an 


adjustable clamp, from the peritoneal surface that was treated. One 
fiber was used with a single laser, While two fibers were employed 
when two lasers were utilized in tandem. Irradianee was uniform 
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4. Calculated and Measured Surface Areas of Various 
= intra-abdominal Organs and Tissues 













Calculated Area 
(% of Total) 
' Measured Area 
Initial Revised in Cadaver 
Estimate* . Estimatet (% of Total) 
- 400 911 










‘initial estimate of peritoneal surface area as determined from anatomic 
texts and from projection of surface area of intra-abdominal viscera from 
measurements taken on computed tomographic scans and on barium contrast 
gastrointestinai roentgenograms; initial estimates of peritoneal surface were 
used in patients 1 through 10. 

tRevised estimate of peritoneal surface area as determined from actual 

photodiode measurements of light dose delivered to intra-abdominal viscera in 

first 10 patients treated; revised estimates of peritoneal surface were used in 
patients 11 through 23. 

Entire peritoneal surface actual measurement as percentage of calculated 

surface basec on height-weight nomogram in cadaver, assuming peritoneal 

^57. surface equivalent to body surface. Percentages for anatomic areas in cadaver 

"wt reflect actual fraction of the measured peritoneal surface area. 









is of the diffusing wand. 


the axis m | 
Light was delivered through the diffusing wands to various ana- 


tomical areas within the abdomen after the peritoneum was filled 
with dilute(0.02% to 0.05%) lipid emulsion to disperse the ‘ight and 
curtail shadowing. The diffusing wand was moved over the areas to 
be treated to provide uniform illumination. A single diffusing wand 
. was used when light was provided by a single laser, while two wands 
were employed simultaneously when two lasers were utilized in 









je falls off rapidly with increasing distance from a fixed 
n lipid medium. The rapidity of the fall-off reflects the 
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interplay of inverse square reduction with the distance from the light z 














source, the seattering of light by the lipid emulsion, and the absorp- 






random movements of the diffusing wand in 

the probability of a homogeneously unif 
becomes extremely high. The aetual light dose c 
sites can be monitored for uniformity by photodioc 
illuminated surfaces. 20m 












Techniques of Peritoneal Surface Ilium 





uci 


After patients had undergone tumor debulking, t 
explored with attention directed to complete hemostasis. Co 
saline lavage of the abdominal cavity was performed to eliminate 
residual blood that could attenuate light at the time of phototherapy. - 
Light delivery was preseribed by calculating the exposure time to. 
deliver the target energy density. Sterile photodiodes were placed in. 
the abdomen to monitor the actual delivered light dose. Usually, - 
three photodiodes were placed: right upper abdominal quadrant, left 
upper quadrant, and pelvis. A fourth diode was placed on a mobile m 
wand and was moved into the region of illumination during the 
treatment of differing anatomic areas. 

Illumination of the intestinal mesentery was performed by fanning 
out the mesentery to expose its surface. Packs were placed beneath 
the mesentery to facilitate the exposure and fanning process. Light 
was then delivered directly from a flat-cut optical fiber positioned 
above the mesentery to iluminate the entire mesenteric surface. The 
dorsal and ventral mesenteric surfaces were separately illuminated. 

The small intestine wes treated by manual running of the bowel in 
front of a flat-cut fiber that was positioned to illuminate a portion of 
the intestinal surface. The bowel was systemically drawn through the 
area of illumination to treat all surfaces over the entire length ofthe 
small intestine. The large intestine was treated by running the colon = 
through the area of illumination provided by a flat-cut fiber, ensuring : 
that all colonie surfaces were uniformly exposed. 

Visceral and parietal peritoneal surfaces were treated by filling the 
abdomen with dilute lipid emulsion and by systematically isolating 
and treating varying anatomie regions with light delivered through 
optica: fibers enclosed by modified cuffed endotracheal tubes fash- 
ioned as light diffusing wands. The wands were moved over the 
anatomic area to be treated to ensure complete and uniform illumina- 
tion. Typically, treatment began by illuminating the right side of the 
diaphragm and superior surface of the liver. Next, the left side of the 
diaphragm and splenic area were illuminated. The anterior surface of. 
the stomach and the inferior surface of the liver were then isolated ` 
and illuminated. The omental bursa was entered,.and treatment was — 
applied to the posterior surface of the stomach, ihe duodenum, and - 
the pancreas. The left peritoneal gutter and anterciateral abdominal : 
wall parietal peritoneum were then isolated and treated. The right — 
gutter and abdominal wall peritoneum were then iJuminated. Final- - 
ly, the pelvis was isolated and illuminated. | 

With careful attention to the isolation of viscera and anatomic . 
areas, and with attention to systematic illumination of the isolated 
peritcneal surfaces, homogeneous treatment was delivered to all 
intra-abdominal peritoreal surfaces. RN 

All anatomie areas treated were monitored during light delivery 
with sterile photodiodes. A mobile photodiode was placed at a fixed — 
point in each anatomic area at the time of treatment as a representa- ' 
tive measurement of the light surface dose. The time of light delivery 
was determined by the calculations of peritoneal surface area, andthe ~ 
planned dose could be compared with the actual delivered dose, which . 
was measured by the photodiodes. The actual delivered light dose : 
correlated closely with che planned dose. E 

The total accumulated planned and delivered light doses for a 
treated patient with ovarian carcinoma are shown in Table 5. The - 
patient was prescribed to receive light at a dose of 2.8 J/em’ to all - 
peritoneal surfaces, except for a site of gross tumor in the left - 
abdominal gutter that was prescribed to receive a boost to a total dose 
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Table 5.—Light Dose Delivered to Peritoneal Cavity in 
60-Year-Oid Woman: With Carcinoma of the Ovary 





Actual Dose 
as Determined by as Determined by 
Peritoneal Surface Photodiode 

Measurement, 


i: Area Estimates, 

__ Anatomic Region Treated - Jen J/cm? 
[. Dorsal surface mesentery | 
. Ventral surface mesentery 
Small intestine 2.80 3.52 


Ascending colon 












Transverse colon 2.B0 3.06 
Descending colon 2.80 3.02 
Rectum 2.80 3.00 


R side of diaphragm 
L side of diaphragm 
Superior surface of liver 
















Inferior surface of liver 
.. Anterior surface of stomach 2.80 3.45 
Posterior surface of stomach 2.80 3.06 
Duodenum 2.80 3.06 
Spleen 2.80 3.06 






R retroperitoneal gutter 
L retroperitoneal gutter 
R abdominal wall 2.80 3.27 
i abdominal wall 5.60 5.30 
Pelvis | 












of 5.6 J/em". Acutal light doses to all areas except the region of 
planned boost, as reeorded by photodiode measurement, ranged from 
2.68 to 3.52 J/em', ararge of — 495 to +30% dose inhomogeneity, The 
measured dose in the bsost area was 5.30 J/cm”, a — 6% underdose. 
The dose distribution measurements for all patients indicated reason- 
able light dose homogeneity. 


RESULTS 
Tumor Debulking and Phototherapy 


Thirty-two patients were considered candidates for explo- 
ration with an attempt at debulking of tumor and photother- 
apy. Twenty-three patients (72%) were able to undergo ade- 
quate surgical debulking and received photodynamic 
_ therapy. Debulking was not possible in nine patients because 
- of the extent of disease. Among the 23 patients who under- 
<- went resection, four had minimal tumor requiring lysis of 
adhesions but no tissue resection, while major resections 
(neluding intestinal and other organ or tissue resections) 
were performed in 19 patients (Table 3). All four patients with 
carcinomatosis arising in the gastrointestinal tract and a sin- 
gle patient with adrenal gland cancer had disease that was too 
extensive to allow debulking, while 13 of 16 patients with 
ovarian cancer, eight ef nine patients with sarcomatosis, and 
two of two patients with pseudomyxoma peritoneii were tech- 
nically able to undergo disease resection. No gross residual 
. disease remaining after surgery was considered optimal, but 
. debulking was considered aeceptable if no residual gross tu- 
mor nodule exceeded 5 mm. Photodynamic therapy was suc- 

cessfully delivered to all peritoneal surfaces in all 23 patients 
in whom debulking was technically possible. 
> Es- Toxicity 
omplications developed in five patients following therapy 

6). One patient developed postoperative hemorrhage 

ours following laparotomy and resection of pelvic tumor; 
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Table 6.— Complications 


























reactions 





Abnormal liver 19 
function 





the patient had chronic thrombocytopenia (platelet count, 
<T » 10/L) from prior radiotherapy and chemotherapy and 
exh.bited oozing from the pelvie peritoneum. The patient 
required laparotomy and evacuation of a pelvic hematoma. 
One patient developed necrotizing pancreatitis, a pericardial 
effusion, and partial-thickness skin burns in the vicinity ofthe 
abdəminal incision following resection of a recurrent sarcoma 
that extensively involved the stomach, spleen. colon, and 
diaphragm. The patient required surgical débridement of the 
panereas; the pericardial effusion resolved, and the superfi- 
cial cutaneous burns healed with local wound care. Two pa- 
tienzs had intra-abdominal abscesses following the develop- 
ment of intestinal fistulas at the sites of bowel resection. One 
patient developed an intestinal fistula after resection of intra- 
abdeminal sarcomatosis with segmental bowel resections; the 
fistula resolved after surgical drainage. Another patient had 
an intestinal fistula following removal of ovarian cancer with 
intestinal segmental resections; the fistula closed following 
abscess drainage. One patient developed a urinoma from a 
localized ureteral leak following resection of sarcoma and 
simultaneous intraoperative electron beam irradiation, which 
was applied to the retroperitoneal gutter. The patient under- 
wen: nephrectomy. All patients with complications recovered 
after surgical treatment. There were no treatment-related 
deatas. 

Abnormal liver function was present in 19 of the 23 patients 
treated (Table 6). The serum chemieal abnormalities were 
mild and were considered clinically insignificant. Transami- 
nase level elevations were present in 19 patients, alkaline 
phosphatase level elevations were present in eight patients, 
and iyperbilirubinemia was present in five patients. Liver 
functicn abnormalities spontaneously resolved in all patients. 
Live? functions reverted to normal in most patients within 1 
week and returned to normal in all patients within 4 weeks of 
surgery, 

Hypoalbuminemia was present postoperatively in all pa- 
tients. Patients developed varying degrees of postoperative 
fluid sequestration, transient edema, and ileus. Most patients 


exhibited fluid sequestration greater than would be expected 


in a rormal postoperative course following major exploration 
and tumor resection. The degree of intra-abdominal edema 
varie considerably among the patients undergoing photo- 


therepy, but fluid sequestration appeared to be most marked 


in pazients requiring extensive tumor resections and receiv- 
ing light doses greater than 1.0 J/em?. Typically, resolution of 
the ileus and intra-abdominal fluid accumulations required up 
to 10 days. No patient had permanent edema or permanent 
intestinal dysfunction. 

Two patients developed transient abdominal skin hyper- 
pigmentation believed to be due to cutaneous activation at the 
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et tithe uh sa rgery from operating room lights. One —1 
e develope a mild and self-limited cutaneous photosensitivity 
~~ reaction from sun exposure following hospital discharge. 


Clinical Results 















^... Thirteen patients with carcinoma of the ovary underwent 
tumor r debulking and phototherapy, with light doses varying 
from 0.2 to 3.0 J/em". Seven patients with ovarian carcinoma 
whose peritoneal washings were positive for malignant cells 
at the time of treatment underwent repeated peritoneal 
washings. ] performed at intervals beginning 6 weeks following 
treatment. In four patients, peritoneal cytologic washings 
became negative for malignant cells following treatment and 
remained negative for 1 to greater than 10 months, while 
three patients continued to have positive cytologic washings 
. . following phototherapy. Among the 13 patients with ovarian 
. . .eancer treated with phototherapy, 11 demonstrated progres- 
give disease (2 to 8 months following therapy), while two have 
-= o Femained free of evidence of recurrence (8 to 14 months) 
(Table 7). 

Eight patients underwent debulking of peritoneal sarcoma- 
tosis and received phototherapy in doses 0.6 to 2.8 J/em’. 
Serial peritoneal cytologic washings were not available. Six 
patients had recurrent disease (2 to 11 months), while two 
patients have shown no evidence of disease progression (8 to 9 
months) (Table 7). 

Two patients received phototherapy for pseudomyxoma 
peritoneii (0.5 to 2.0 J/em^) and have remained free of evi- 
dence of progressive disease for 9 to 18 months (Table 7). One 
patient had positive cytologic findings at the time of laparoto- 
my, whieh converted to negative following treatment. 


COMMENT 


- Photodynamic therapy has been demonstrated to be effec- 
— tive in controlling malignant neoplasms in experimental ani- 
. mals'*"^ and has been shown to be clinically useful in treating 
certain malignant neoplasms occurring in the skin*’ and on 
mucosal surfaces of the tracheobronchial tree," esophagus,’ 
and bladder.’ The current study investigates the feasibility of 
utilizing photodynamic therapy for disseminated malignant 
neoplasms occurring in the peritoneal cavity. 

This study demonstrated that photodynamic therapy can 
be applied to the entire peritoneal cavity. Phototherapy was 
administered in conjunction with surgical tumor debulking, 
which was necessary to reduce the size of neoplastic nodules 
to less than 5 mm, to allow light penetration thrcugh the 
entire velume of residual tumor. Twenty-three of 32 pa- 
tients who underwent exploration were able to undergo tu- 

< ... mordebulking sufficient to allow light delivery. Most patients 
= with ovarian cancer, sarcomatosis, and pseudomyxoma peri- 
ON E toneii underwent successful resection and phototherapy, sug- 
 . gesting that phototherapy should be considered as a thera- 
 .. peutie modality in selected patients with ovarian cancer, 
| abdominal sarcomas, and mucoid tumors confined to the abdo- 
men. Patients with carcinomatosis, particularly gastrointes- 
tinal cancers, typically may have disease too extensive to 
allow sufficient surgical debulking and thus to allow photo- 
therapy to be effectively delivered, among the four patients 
with carcinomatosis of gastrointestinal tract origin, none was 

able to undergo tumor debulking. 

The light dose to the peritoneal cavity was serially esca- 
lated from 0.2 to 3.0 J/em’, The dose of dihematoporphyrin 
ethers was escalated from 1.5 to 2.5 mg/kg (one patient re- 

. eeived 3.0 mg/kg), and the interval between photosensitizer 
„administration and laparotomy was decreased from 72 to 48 



























ate of toxic effects of intraperitoneal phototherapy, 
ring combined aggressive surgical debulking and light 
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Table 7.—Clinical Results E 


No. of Patients 












Histologic Receiving No. of No. Free of 
Finding Phototherapy Recurrences Recurrence 
Ovarian cancer 13 11 (at 2-8 mo) 2 (at 8-1 4 mo) 
Sarcoma 8. 6 (at2-11 mo) 2 (at8-9 mo) 
Pseudomyxoma | 2 0 





2 (at 9-18 mo) Ü 







delivery, is acceptable. All patients developed cutaneous iih 
tosensitivity, which was readily managed by limiting skin ^ 
exposure to sunlight for 6 weeks. Nearly all patients devel- = 
oped transient abnormalities of liver function that were eon- = 
sidered clinically insignificant. Major complications included — 
postoperative hemorrhage, necrotizing pancreatitis, ureteral 
leakage, and intestinal fistulas. E 
The relative contributions of aggressive surgical debulking 
and peritoneal light delivery to the major complications seen | 
in this study are uncertain, but the complications did appear. 
to be largely related to extensive surgical procedures. Light — 
doses of 2.0 J/cm? or higher were delivered to four of the five- 
patients with major complications. Because patients receiv- = 
ing intraperitoneal phototherapy developed extensive intra- . 
abdominal fluid sequestration and peritoneal edema, it i ^ . 
possible that the phototherapy did contribute to complica- . 
tions through tissue swelling with possible consequent trac- 
tion on suture lines or with local tissue expansion and resul- 
tant focal ischemia. Possible complications of phototherapy 
that affect intestinal anastomotic healing are currently under 
investigation experimentally in a large animal model. Over- 
all, dose-limiting toxic effects in intraperitoneal phototherapy = 
were not believed to have been reached in this study. m 
The delivery of phototherapy to all peritoneal surfaces at . 
doses in excess of 2.5 J/em’ consumes considerable time, |. 
because of the large surface area of the peritoneal cavity o 
Even with the use of two lasers, the operative time required 
to deliver phototherapy to all intra-abdominal regions aver- 
aged 4 hours (including the time to isolateanatomic regions, ... 
instill lipid emulsion, and deliver laser illumination). In- . 
creases in light dose necessarily require increases in light 
delivery time. Commitments of operating room time in sub- 
stantial excess of 4 hours for light delivery, in addition to the 
surgical time required for opening and closing as well as 
adhesiolysis and tumor resection, probably are not clinieally 
reasonable. The median duration of the procedures in the 23- 
patients treated in this study was 8.5 hours. Consequently, 
light doses in excess of 8.0 J/em^ to the entire peritoneal cavity — . 
may be impractical. However, light can be boosted to high 
doses (>10 J/em?) to limited areas of the peritoneum (such as 
the diaphragm or pelvis) that are at risk for residual disease. 
Studies to evaluate the boosting of energy delivered to se- 
lected areas to high doses are currently under way. ce 
Studies are also currently under way to test illuminatio 
with green light (wavelength, 514 nm), which is twofold to- 
threefold more effective than that with red light to activate 
the photosensitizer. Green light can be produced at 200% to 
300% of the power of red light available from current lasers 
However, green light is thought to have an effective tissue - 
penetration depth of approximately 2.5 mm, compared with- 
the 5-mm penetration of red light. Consequently, photother- 
apy with green light may be applicable only for the treatment 
of microscopic as opposed to gross residual disease. 
Treatment efficaey is not a proper subject of critical investi- : 
gation in a phase I dose-escalation study, as some patients. 
may not have evaluable disease and it is unclear when poten Eu 
tially effective treatment doses are reached during thei inves- =- 
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respondingly effective | in humans, then the light doses 
utilized in our study (>2.0J/em’) should be therapeutic. - 

. Eight patients. who had p positive cytelogic washings at the 
time of laparotomy and who had serial washings after treat- 
ment form a group in this study with objective criteria for the 
evaluation of disease response. In five patients, positive peri- 
toneal cytologie washings atthe time of treatment converted 
to negative cytologic findings at follow-up. It is uncertain 
whether Surgical debulking alone can clear peritoneal wash- 
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This study has demonstrated the basibility of the delivery 


. of photodynamic therapy tothe peritoneal cavity in doses that 
_ Show therapeutic effect in experimental models and in doses 
` that do not cause limiting toxic effects. There were some 

‘indications of therapeutic benefit. It is reasonable to continue 
. Studies of intraperitoneal phototherapy to determine maxi- 
mum tolerable doses and to deliver boost doses to limited 


anatomie areas at risk of residual disease. Phase II and III 


studies will be required to demonstrate whether intraperito- | 
neal phototherapy has therapeutie benefit in disseminated 


intra-abdominal neoplasms. 
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Estrogen Replacement and Coronary Artery Disease: Effect on Survival in 


Jay M. Sullivan, MD; Roger Vander Zwaag, PhD; Jeff P. Hughes, MA; Virginia Maddock; 
Frank W. Kroetz, MD; K. E. Ramanathan, MD; David M. Mirvis, MD 


The relationship among postmenopausal estrogen use, coronary stenosis, and survival was examined 
retrospectively in 2268 women undergoing coronary angiography. The patients were selected for study if 
their age was 55. years or older at the time of angiography or if they had previously undergone bilateral 
oophorectomy. Postmenopausal estrogen use in 1178 patients with coronary artery disease (77096 stenosis) 
and 644 patients with mild to moderate coronary artery disease (5% to 69% stenosis) was compared with 446° 
control subjects (0% stenosis: using life-table analysis. Over 10 years of follow-up, there was no significant 
difference i in survival E among s iid er free of e rona lesions on EEEN who a had. eather never 





Mia was "ee to estimate Lear ina as a fünetion of aleve iste. da meld l 
a significant, independent. effect on. ‘survival in women. We conclude that estrogen 
aple lacet; à MR after e prolongs survival when eoronary artery disease is present, but. it has less. 
inthe absence of coronary artery disease (Arch Intern Med. 1990;150:2557 -2562). . á s 
«Ree requests to Division of Cardiovascular Diseases, 951. Court Ave, University of Tennessee, Memphis, TN 38163 
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jER DRUGS. THIS PRODUCT SHOULD BE GIVEN 


WITH ION TO ANY PATIENT WHO 

SOME FORM GF ALLERGY. PARTICULARLY 

SUS ACUTE HYPERSENSITIVITY: REACTIONS. MAY 
IRINE AND OTHER EMERGENCY "MEASURES. 


patients: darte m astcton 
with broad-spectrum antibiotics alters: 

y permit overgrowth of Clostridia. Studies | i 

| by Clostridium difficile is one- rimary cause of 

nbi dn colitis: Cholestyramine and colestipol resins. have 

been sho ihe toxin in vitro. Mild cases of colitis may respond 

eto drug: disconliuanne along. Moderate. to. severe cases should be 
«managed with fluidi, electrolyte and protein supplementation as indicated. 

When the colitis isnot relieved by drug discontinuance or when it is Severe, 

oral vancomycin 1s e treatment of choice for antibioticassociated pseudo- 

membranous colitis produced by C. dificile. Other causes of colitis should 

also. be considers. 

PRECAUTIONS 

General: As wai all broad-spectrum antibiotics, 'Cefizox" should be 

prescribed with caution in individuals with a history: of gastrointestinal 

disease, particularly colitis. 

Although ‘Getizox has not been shown to produce an alteration in renal 

function, renal stale should be evaluated, especially in 

receiving maximi dose therapy. As with any OR prolonged use 
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-fursing woman... 
Infants and Children: Safety and efficacy in infants from. birth to six 
months of age have riot been established. In children six months of age 
and older, treatesent with ‘Cefizox’ has been associated witht Maitt 
elevated levels o sosinophils, SGOT, SGPT and CPK (creatine phospho- 
kinase) The CPX elevation may be related to L.M. administration, 
ADVERSE REACTIONS 
generally well tolerated; the mos? frequent adverse reactions 
Ye bul less than 596) are: Hypersensitivily-- Rash, pruritus, 
“fever. Hepatic Transient Loin in SGOT, SGPT and alkaline 
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individuals have developed a ) 
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epsinophilia, thrombocytosis. 
e positive Coombs test. Lucal-- injection site— 
* n: Baring, ciuis: phiebitis en LV. administration, pain, induration, 
. tenderness; paresthesia. 
Less Mequent adverse reactions (ess ihan 195) are: Hypersensi 
iiy -- Nurni es and anaphiylactoit-t reactions have been: reported 
palic- Elevation of bilirubin has been reperted rarely. Renal- 
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Purpose: 


When: 


Where: 


How Much: 


For further information, contact Jennifer Harris, 1101 Vermont Avenue, 


N.W., Washington, D.C. 20005. (202) 789-7474. 







A bipartisan campaign training program not for the politi 
novice. The Campaign Management School isan intense | 

week of preparation and practice in running a political j 
campaign. The School will prepare you for an active f 
management role in a local, state or national political 
campaign. 


Physicians and spouses who want to make a difference by . 
being actively involved in a candidate's run for political 
office. LIMIT: 32. 


This week-long program will prepare you to take on a 
significant role in a campaign. Topics covered include: 


© Roles/Responsibilities 

e Polling and Research 

e Budgeting and Fund-raising 

e Tools for Communicating and Paid/Earned Media 
e Voter Contact, Direct Mail, Canvassing 


e The Use of Volunteers 
e Management and Strategy 











8:00 am Sunday, July 14 through noon Friday, July 19.1991. - 


Crystal City Marriott, 1999 Jefferson Davis Highway, 
Crystal City (Arlington), Virginia 


AMA Members and Federation Staff: 

AMPAC provides registration fee, course materials, d: 
meals and airfare. Participants are responsible for their hotel - 
rooms and evening meals. | 


Non AMA Members are responsible for their own airfare, 
hotel, evening meals and $1,000 registration fee. — 
























..,* We analyzed independent treatment variables (age, sex, 
. Signs and symptoms, site, size, histopathologic findings, grade, 
and clinical presentation) and treatmen:-dependent variables 
(resectability, type of operation, surgical margins, surgical 
boundaries, microscopic margins, adjuvant radiotherapy, and 
adjuvant chemotherapy) in 80 patients with primary retroperito- 
. ;neal soft-tissue sarcomas admitted from 1982 through 1988. 
, Both univariate and multivariate analysis of survival and dis- 
. ease-free survival were performed. The major factor in survival 
outcome was the ability to completely resect the lesion. When the 
. 62 patients who underwent complete resection were examined, 
. the only independent prognostic factor for both survival and 
disease-free survival wes grade. We conclude that completeness 
of resection and grade of the lesion are primary determinants of 
survival. Once all tumor is macroscopically removed, no advan- 
tage could be demonstrated by more extensive surgical resec- 
tion or current adjuvant therapy. 

- (Arch Surg. 1991 ;126:328-334) 


T] he basis of the surgical treatment of soft-tissue sarcoma is 
A. well established: resection with a margin of tissue that is 
normal on gross exarsination. While this approach is often 
feasible in extremity lesions,' in the retroperitoneum the 





umors are often larzer and in close anatomic relation to vital 









r even impossi 
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rogn stic Factors in Primary 
Retroperitoneal Soft-Tissue Sarcomas 


ithough complete resection — 
Je without the removal of — 
ven with such resections the — .. 2) previcus biopsy or limited resection. Treatment-dependent vari- 
ables analyzed included resectability, type of operation, surgical 
margins, surgical boundaries, | copie ma | 
therapy, and adjuvant chemotherapy. 
. have a complete resection when all tumor visible on gross examina- 
-tion was removed, — > 000o ee | 

— For analysis of the type of oper: 
iatisties (Dr Rogatko), Memorial — rho dirai a n So 
major nerve or bone. Surgical 


evaluation of tumor size. To analyze 
tients were divided into two groups: 


tent, particularly in areas — 


therapy is unknown. Radio- | 
ded" but has failed to dem- - 


7 Ruy G. Bevilacqua, MD; Andre Rogatko, PhD; Steven I. Hajdu, MD; Murray F. Brennan, MD 


onstrate an improvement in results.*^"^ Chemotherapy has 
not been shown to be effective, either in retrospective" or 
prospective studies.* | 

In this study we analyzed a group of patients with primary 
retroperitoneal soft-tissue sarcomas. The main objective was 
to determine the influence on prognosis of variables related to 
treatment. Our main interest was to investigate survival as 
related to the extent of resection of surrounding organs and 
adjuvant therapy. 


PATIENTS AND METHODS 


In July 1982, we began a prospective database for all patients 
admittec to Memorial Sloan-Kettering Cancer Center, New York, 
NY, with soft-tissue sarcoma. From July 1, 1982, through December 
31, 1988, we admitted over 1000 such patients. In 190 patients the 
lesion was located in the retroperitoneum. Eighty patients had no 
previous operations or had undergone biopsy or limited excision of 
the tumor elsewhere within 3 months of admission, They were consid- 
ered to have presented with primary lesions and were included in this 
study. AB primary soft-tissue sarcomas situated in the space between 
the posterior peritoneum and the posterior abdominal muscles from 
the diaphragm to the pelvic floor were included.’ Visceral tumors 
were exciuded. ES | 

The prognostic importance of the following independent treatment 
variables was evaluated: age, gender, symptoms, site, size, histo- 
pathologie findings, grade, and clinical presentation. All pathologic 


Slides were reviewed by a single pathologist (S. I. H.) for the definition 
of histologic type and grade. In cases of complete resection, the 


largest dimension measured by the pathologist was used for the 
ze clinical presentation, the pa- 








(1) no previous operation and 


copie margins, adjuvant radio- 





we classified the patients into 
mily, (2) resection of tumor and 
umor plus major blood vessel or 
gieal i8 were considered "adequate" 
when there was a margin of normal tissue surrounding the dissection 
plane, "restrieted" when the tumor was dissected just outside the 
pseudocapsule, and "inadequate" when the tumor was transgressed. 
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Patients were considered to .— 

















the impact of surgical boundaries, the remaining ana- 
ture that had been the most intimately related to the 
nsidered. Therefore, the groups “major blood vessels,” 
one," and "viscera" were created. 

he prognostic importance: of all variables, we studied 
and continuous disease-free survival. Estimation of 
made by the pea method of Kaplan and 


ed : ure and likelihood ratio tests were d to ident the 
a | the oe prognostie v value. Interaction effects 


by a given. aegon. variable. The coefficient estimated “or each 
partition should not differ substantially unless there was an interac- 
i ` tion effect, Cumulative hazard plots were also generated to visually 
. check the assumption of the proportionality of the hazard rates. 
Pairwise associations between categorical variables were evalu- 
ated by contingency table analysis using x * analysis or an exaet test. 
The statistieal analysis was performed using standard computer 
software statistical packages." The critical significance level of 0.05 
was ehosen. 





RESULTS 


| .dhe study group included 45 men (56%) and 35 women 
(M96). The median age was 56 years (range, 19 to 85 years). 
< The most common complaints were pain or neurologic symp- 
OX toms 83 patients [41%]. Twenty patients (25%) had an ab- 
< dominal mass exclusively, and three patients (4%) had no 
- 0. dinical signs or symptoms. À large percentage of the tumors 
- - were classified as lateral (38 cases [4896]). Twenty-three tu- 
|. o mors werepelvie (29%), 12( 15%) were situated in the midline, 
-. . and sever (9%) were in the left lower quadrant. The median 
- ^ tumor size (maximum diameter) in the patients with com- 
- pletely resected tumors was 15 em (range, 3 to 39 em). Histo- 
pathologie findings are presented in Table 1. The majority of 
the tumors were liposarcomas (28 tumors [35%]) and leiomyo- 
sarcomas (26 tumors [3396]. Fifty-two tumors (65%) were 
classified as high-grade and 28 (85%) as low-grade. Forty 
patients (50%) had previous biopsies, and five (6%) had previ- 
ous limited resections. 
] Twenty hree patients died of soft-tissue sarcoma, and the 
mus projected 5 5-year survival rate (mean + SEM) for the entire 
group was 538% +9%. The remaining 57 patients were fol- 
lowed up ir m 10 days to i months a (median, 22.7 months). 















ith gender (hünorsw were more boton D alb 
nd site (midline tumors were the least resectable). 
marked difference in the survival of patients with 

















resected vs partially. resected or unresected tu- 
-year survival rate was 57% + 10% when all tumor 


gross examination was removed compared with 
in the remaining cases (P= .00007 by the Cox- 
3t). When this difference was analyzed by grade, it 
gnificant only for high-grade tumors (Fig 1), although 
p with low-grade and partially resected or unre- 
irs comprised only five patients, too small to sta- 
idate this conclusion. 
der, mue and symptoms, size, and histopatholog- 
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Table 1.—Histopathologic Findings of f Retroperit neal Sof 
Tissue Sarcomas and. Rese = : mel oe 
































Parii Resected. 


Type Resected or Unresect Is Tetal N 
Liposarcoma 24 Jan aiir 
-Leiomyosarcoma | 


Fibrosarcoma - 










Maiignan: 
hemangiopericytoma 
Maignan: fibrous A 
histiocytoma 2 o 

Maignant peripheral 
nerve tumor 




















Table 2.—Relationship Between Resectability and pr 
independent Treatment Variables 
No. (% of 


Resected 
Tumors 








32 (74) 
30 (81) 











Gender 
M 31 (89) 


F 31 (89) 


Signs and symptoms 
None cr mass 





637 












21 (91) 
24 (73) is 
17 (71) 


Pain or neurologic 
Other 
Site 














Lateral 33 (87) 
Midabdomen 4 (33) | 
MM TI 7n M —Á — £01 
Left lower quadrant 6 (86) 


Pelvic 


Histopathologic finding 
Liposarcoma 












19 (83) 






24 (85) 
18 (69) HS 
20 (77) 


Leiomyosarcoma 
Other 









23 (82) 
39 (75) 

















Presentation 
No previous operation u 34 (76) 


| aes NS 
Previous biopsy or limited resection 





*NS indicates not significant. 


ic findings were not of prognostic value in the univariate 
analysis cf survival in the group that underwent complete : 
resection (Table 3). When the site was classified as lzteral, — 
midabdomen, left lower quadrant, or pelvie, a significant 
difference in survival was identified by the Breslow tesz. The 
most likely explanation for this is the marked high earh 
mortality rate in the group with tumors in the left lower 
quadrant (Fig 2). Both grade and clinical presentation af- 
fected prognosis in the univariate analysis (Figs 3 aad 4). 
Patients with high-grade tumors and those who had previous 
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major blood vessel, or a majo re (23 ca cases 146). A major 

- - blood vessel was the remaining anatomic structure closest to 
the tumor in 32 patients (52%), muscles or bones were closest 

t The aren of patiente had ^ in21 patients (34%), and viscera were closest i i eight patients 
era (23 cases [37%] or of bone, a — (1395). P" 
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Fig ig 1. == Survival according to OTE and grade. P values are by Fig 2. — Survival according to site. P values are by BreslowS general- 
2E no Cox-Mantel test. ized Wilcoxon test. 


Table 3.—Univariate Analysis of Survival: Dependence on Demographic Variables in Patients With Complete Resection 








P+ 
eenean TP T aeree m 
No. of 5-Year Survival Bresiow's Generalized 
i Variable Patients Rate, %* Cox-Mantel Test Wilcoxon Test f 
Age, y 
€56 32 61415 
reenter NS NS 
>56 | 30 51 t 14 
Gender 
M 31 48 x14 
E 0 M—————M ————— MM NS NS 
F | | 31 64+16 
Signs and symptoms | 
None or mass | 21 6i +16 
d Pain or neurologic | 14 55 + 191 NS NS 
= Other - " | 17 56+ 16 
Ste m 
72411 
56 + 35§ 
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The surgizal margins were considered adequate in only six 
patients (10%), restricted in 39 patients (63%), and inade- 
a quate in 16 patients (26%). Eight of these 16 patients with 
inadequate margins had tumors close to bones (vertebrae, 
pubis, and ileum); in six of them the tumor was shaved off the 
osseous structures, and two had curettage of small portions of 
residual tumors. In six instances the close vicinity of vital 
vascular structures prevented the surgeon from obtaining 
clear margins. Two patients were also considered to have 
inadequate margins because the tumor was reported as frag- 
mented, although it was completely resected. 
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ad Fig 3.—Survval according to grade. P values are by the Cox-Mantel 
^. test. 





The pathologist considered the margins to be negative in 33 
cases (53%) and positive in 26 cases (42%). In three cases, 
microscopic margins were not reported. The correlation be- 
tween surgical and microscopic margins was statistically sig- 
nificant (P= .002). In five of six cases, margins considered 
adequate by the surgeon were reported as negative by the 
pathologist, while 13 of 16 margins considered inadequate by 
the surgeon were reported as positive by the pathologist. 
Margins considered restricted by the surgeon were reported 
as negative by the pathologis: in 24 cases and as positive in 12 
cases. 
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Fig 4.—Survival according to clinical presentation. P values are by the 
Cox-Mantel test. 


Tabie 4.— Univariate Analysis of Survival: Dependence on Treatment-Related Variables in Patients With Complete Resection 


No. of Patients 


Type of operation 
Tumor resection only 


Resectibn of tumor and adjacent viscera 


Resectibn of tumor and major blood vessel or 
majo: nerve or bone 


Surgical margins 
4 Adequate 
Restricted 


Inadequate 


Surgical boundaries 
Major biood vessels 


Muscler bone 
Viscera 


Miscrosccpic margins 
Negative 


Positive 

Adjuvant radiotherapy 
Not used 
Used 


Adjuvant chemotherapy 
Not used 


Used 


3 *Values are mean + SEM. 
TNS indicates not significant. 
+The last observation was made at 48 months. 
SThe last observation was made at 57 months. 
[The last observation was made at 55 months. 
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Pt 


MM 


Bresiow’s Generalized 
Wilcoxon Test 


5-Year Survival 


Rate, 95* Cox-Mantel Test 
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Adjuvant treatment was used in 26 (42%) of the patients 
with complete resection. Twenty patients received radiation 
therapy (15 received external-beam therapy, four received 
brachytherapy, and one received both). The median external- 
beam dose was 4770 eGy (range, 2000 to 6500 eGy). Thirteen 





Proportion Surviving 





30 40 50 
Time, mo 


—4-— Chemotherapy 
Used (n= 13) 


—&- Chemotherapy Not 
Used (n = 4) 





Fig 5.— Survival according to the use of adjuvant chemotherapy. 
P values are by the Cox-Mantel test. 
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patients were treated with chemotherapy regimen that in- 
cluded doxorubicin hydrochloride. 

According to a univariate analysis of the dependence of 
survival on treatment-related variables in patients with com- 
pletely resected tumors, none of these factors was significant: 
type of surgery, surgical margins, surgical boundaries, mi- 
croseopic margins, adjuvant radiotherapy, or adjuvant che- 
motherapy (Table 4). No significant differences were found 
related to the type of surgery, even though no patients who 
had resection of tumor plus a major blood vessel or a major 
nerve or bone survived for 5 years. The explanation is that the 
survival curves were almost identical up to 30 months; after 
that a few deaths accounted for the apparent differences in 
calculated survival rates. The same explanation applies to the 
nonsignificant differences in survival related to the use of 
adjuvant chemotherapy (Fig 5). 

Of the 39 patients with high-grade sarcomas that under- 
went complete resection, 15 (3896) had local recurrences, 
while distant metastases were identified in six patients (15%) 
in the follow-up (one patient had both loeal and distant recur- 
rences). The extent ef the resection did not influence local 
recurrence in high-grade tumors, since three patients (50%) 
who had resection of tumor only, six patients (55%) who had 
associated resection of viscera, and six patients (85%) who 
had resection of a major blood vessel or a major nerve or bone 


Table 5.— Univariate Analysis of Disease-Free Survival: Dependence on Demographic Variables 
in Patients With Complete Resection 


No. of Patients 


Signs and symptoms 
None or mass 


Pain or neurologic 
Other 

Site 
Lateral 


Midabdomen 
Left lower quadrant 
Pelvic 


Tumor size, cm 
=10 
10-20 
>20 
Histopathologic fincing 
Liposarcoma 
Leiomyosarcoma 
Other 


Presentation 
No previous operation 


Previous biopsy or limited resection 


*Values are mean+ SEM. 

TNS indicates not significant. 

The last observation was made at 56 months. 
SThe last observation was made at 51 months. 
|The last observation was made at 34 months. 
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5-Year Survival 
Rate, %* 


Pt 
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Breslow's Generalized 


Cox-Mantel Test Wilcoxon Test 
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Table 6. Univariate BORT of Disease-Free Survival: Dependence on Treatment-Related Variables 
' in Patients With Complete Resection 


No. of Patients 


Adjuvant radiotherapy 
Not used 

Adjuvant: Shemotherapy 
Not used 


ee * Values. are mean + SEM. 
NS indicates not significant. 
The last observation was made at 36 months. 
The last cbservation was made at 57 months. 
Then last observation was made at 50 months. 
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5-Year Survival 
Rate, %* 


Cox-Mantel Test 


53+ 14 


33 + 16f 


62+21§ 


34 + 26i 


56+ 10 
59+12 


63+8 
44+ 158 





COMMENT 


To our knowledge, the present series is the largest study t to 
date concerned exclusively with primary soft-tissue sarcomas - 
of the retroperitoneum. Unlike other reports, it covers abrief 
period. It did not differ from other series" * in terms cf sex a 
or age distribution or histologic tumor type; most tumors — 
were large, low- or high-grade liposarcomas or leiomyosar- 
comas. | 

This study is also comparable to some previous studieswith pu 
respect to the striking difference in survival between the 
patients with completely resected tumors and the patient: 
with partially resected or unresected tumors." However, . 
this difference was significant only within the subset of pa- 
tients with high-grade tumors. The patients with low-grade- 
tumors had a 50-month survival rate of 75% + 21.6%, even E 
when the surgical procedure w was limited to partial resection. 
or simple biopsy. | " 

This study is also sitnilar to others in that, in addition to. 
tumor resectability, grade was the main determinant for both 
survival and continuous disease-free survival.'^* The bisto- 
logie type had no prognostic value, and this differs from : 
observations in this institution with extremity sarcomas.” 
However, the histologic types that were predictors of loca 
recurrence in extremity sarcomas (angiosarcoma for the up 
per extremity, embryonal rhabdomyosarcoma and maligne 
peripheral nerve tumor for the lower extremity) are. no 
frequently observed in the retroperitoneum. We have prev 
ously shown that histologic subtype i is a determinant of sur 
vival in extremity liposareoma.? At present, the data o 
tumors in the retroperitoneum are insufficient for this 
analysis. : 

Patients who had previous biopsies or partial resect on of i 
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“iate analysis; a previous biopsy- or partial t 
. mot an independent predictor of outcome. This finding coin- 
-cides with a recent report by Dalton et al’ and challenges the 
< eoncept that an open biopsy inexorably produces intraperito- 
‘neal seeding and metastases. 

- Surgeons often disagree on the appropriate extent of vis- 
eral resection in removal of a retroperitoneal tumor. We 
tried to analyze this question with two different approaches. 
First, we compared survival in patients who had resection of 
the tumor alone with survival in those who had associated 
removal of viscers or of bone, a major blood vessel, or a major 
nerve. Second, we evaluated differences in survival related to 
reseetion boundaries, since viscera and muscles or bone can 
undergo more extensive resection than major blood vessels, 
allowing margins that are more free of disease, None of these 
comparisons brought significant findings in the univariate or 
multivariate analysis. Other authors have argued in favor of 
resection of adjacent organs to ensure complete excision.” 
Our findings indicate that invaded structures should be re- 
sected, but there are no solid grounds for resection of organs 
that are only contiguous or adherent to the tumor. 

Neither surgical nor microscopic margins were of prognos- 
tic importance for tumors in the retroper:toneum. The oppo- 
site has been observed in our institutien fer soft-tissue sarco- 
mas in the extremities.’ To explain this difference we could 
argue that, in the great majority of retroperitoneal tumors, in 
atleast one area the tumor will be in close eontact with a vital, 
unresectable structure; therefore, in this area the margin will 
be surgically restrieted or inadequate. In the current series, 
52 complete resections (84%) were classified as having re- 
strieted or inadequate margins. 

We were also unable to demonstrate the effectiveness of 
adjuvant chemotherapy or radiotherapy, a finding in agree- 
ment with that of other studies."' Several possible explana- 











ificantly worse prognosis only in the univar- tions: have un offered. Chemotherapy faces the obstacle of a 


nor resection was | 


potentially large remaining microscopic tumor burden and 

associated significant morbidity.” The use of radiation thera- 
py is restrieted by the limited tissue tolerance of surrounding 
structures, such as the small and large bowel and the kid- 
neys. Retrospective studies from our institution"? have 
alsc failed to demonstrate the advantage of adjuvant radio- 
therapy in extremity sarcomas, where such limitations are 
not present. However, in a prospective, randomized trial, 
radiation therapy has limited the rate of local recurrence in 
extremity lesions, ^^ 

Retroperitoneal soft-tissue sarcomas are a nonhomoge- 
neous group of rare tumors. It will always be difficult to 
assemble a large prospective series, in which the variables are 
contrelled enough to ailow the extraction of unequivocal con- 
clusions. On the other hand, there are limitations to the 
extrapolation of findings from extremity lesions. 

From our observations and from the literature, complete 
resection remains the only therapeutic determinant of surviv- 
al. Once all tumor is macroscopically removed, no gains are 
obtained by surgical aggressiveness or adjuvant treatments. 
Considering the significant differences in survival related to 
grade, new strategies are required to improve survival in 
high-grade soft-tissue sarcoma of the retroperitoneum. Sur- 
vival m extremity lesions is mainly dependent on the absence 
of metastases. In the retroperitoneum, local recurrence is the 
main problem. This suggests that improved methods of local 
contrel are necessary. 
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per tivity to acetaminophen or hydrocodone, 

| Abuse and Dependence: Lortab 7.5/500 tablets are subject 
to the Federal Controlled Substances Act (Schedule fil). Psychic dependence, 
physical dependence and tolerance may develop upon repeated administration 
of narcotics: therefore, Lortab 7.5/500 tablets shouldbe prescribed and adminis- 
tered with caution. However, psychic dependence is unlikely to develop when - 
Lortab 75/500 tablets are used tora short time for the treatment of pain. 
Respiratory Depression: At high doses or in sensitive patients, hydrocodone 
may produce dose-related respiratory depression by:acting directly on the brain 
Stem respiratory ce"xer. Hydroccdone also affects the center that controls | 
respiratory rhythm, and may produce irregular and periodic breathing. Head 









of narcotics and their capacity to-elevate cerebrospinal fluid pressure may be 
markedly exaggera:ec :n the presence of head injury. other intracranial lesions or 
a preexisting increase irvintracranial pressure. Furthermore, narcotics praduce 
adverse reactions whict:may obscure the clinical course of patients with head 
injuries. Acute Abdcminal Conditions: The administration of narcotics may 
obscure the diagnosis or clinical course of patients with acute abdominal condi- 
tions. PRECAUTIONS: Caution: Federal law prohibits dispensing without 
prescription. Specia! Risk Patients: As with any narcotic analgesic agen, 
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patients and these wit severe impairment of hepatic.or renal function, hypothy- 
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Should be kept in minc. Information for Patients: Lortab 7.5/500 tablets, like all 
narcotics, may impair the mental and/or physical abilities required for the perfor- 
mance of potentially hazardous tasks such as daivinga car or operating machin- 
ery; patients should be cautioned accordingly. Cough Reflex: Hydrocodone 
Suppresses the cough reflex; as with ail narcotics, caution should be exercised 
when Lodab 75/507 tasiets are used stoperatively and in patients with pul- 
monary disease. Drug Interactions: Patients receiving other narcotic anal- 
gesics, antipsychotics. antianxiety agents, or other CN depressants (including 
alcohol) concomitantly with Lortab 7.5/500 tablets may exhibit an additive CNS 
depression. When comoined therapy is contemplatec, the dose of one or both 
agents should be recuced. The use of MAO inhibitors or tricyclic antidepressants 
with hydrocodone preparations may increase the effect of either the antidepres- 
Sant or hydrocodone: The coacurrerit use of anticholiaergics with oe one 
may produce paralytic ieus. Usage in fs dii d Teratogenic Effects: 
Pregnancy Category Č. Hydrocodone has been shown to be teratogenic in 
hamsters when given ir doses 700 times the human dose. There are no ade- 
uate and weil-contraliec studies in pregnant women Lortab 7.5/500 tablets 
should be used during pregnancy only # the potential benefit justifies the poten- 
tial risk to the fetus: ; atogenic Effects: Babies:born to mothers who have 
been taking cpicids requiarly prior to delivery wil be physically dependent. The 
withdrawal signs include irritability and excessive Crying, tremors, hyperactive 
reflexes, increased respiratory rate, increased stools. Sneezing, yawning, vomit- 
ing. and fever. The intensity of the syndrome does no: always correlate with the 
duration of materna: opicid use or dose. There is no consensus on the best 
meihod of managing withdrawal. Chlorpromazine 0.710 1 mg/kg q6h, and 
paregoric 2 to 4 drops/«c qth, have been used te treat withdrawal symptoms in 
infants. The duraticn GHtherapy is 4 to 28 days, with the dosage decreased as 
tolerated. Labor and Delivery: As with all narcotics, administration of Lortab 
7.5/500 tablets to the mother shortly before iria may result in some degree of 
respiratory depression inthe newborn, especially if higher doses are used 
Nursing Mothers: itis rot known whether this arug is excreted in human milk, 
Because many drucs are excreted in human milk and because of the potential 
for serious adverse reactions in nursing infants from Lortab 7.5/500 tablets, a 
‘decision should be made whether to discontinue nursing or to discontinue the 
drug, taking into acccurtithe importance of the drug te the mother. Pediatric 
Use: Safety and effectiveness in.children have not bean established. ADVERSE 
REACTIONS: The most 
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(1) NK cell redistribution, 





: Mechanism of Surgical Stress Impairment 
. of Human Perioperative Natural 


Killer Cell Cytotoxicity 
: Raphael E. Pollock, MD, PhD; Eva Lotzové, PhD; Susan D. Stanford 


* Natural killer (NK) cells are an important defense against 
intravascular tumor dissemination. Tumor embolization can oc- 
cur at surgery, so we tested whether surgical stress decreased 
perioperative NK celi cytotoxicity, and examined the underlying 
mechanism of suppression. Patients with solid tumors under- 
went NK cell cytotoxicity assay just before and 24 hours after 
surgery in a 3-hour chromium 51 release assay. The NK cell 
cytotoxicity was significantly decreased postoperatively. We 
considered that surgical NK cell impairment might be due to 
(2) presence of suppressor cells, or 

(3) direct "toxic" effects on NK cells. Impaired NK cell cytotoxicity 
was not due to NK cell redistribution, because differential counts 
showed no significant changes in the percentage of large granu- 


|... lar lymphocyte NK morphology. To isolate possible d 


ceils, postoperative cells from patients were selectively depleted 


| .. Of NK celis using anti-Leu-11b monocional antibody plus com- 


plement; these celis were then mixed with autologous preoper- 
<- ative cells. Postoperative NK celi cytotoxicity was markedly im- 
: paired, but the postoperative NK depleted ceils did not suppress 
- preoperative NK celis. We conclude that NK cell functional im- 
_. pairment from surgical stress is due to direct "toxic" effects on 
.. NK cells rather than either NK cell redistribution or the generation 
.. Of NK-directed suppressor celis. 
~ (Arch Surg. 1991:126:338-342) 















(Qu urgical stress induction of solid-tumor metastasis has 
KJ been an area of unresolved inquiry since Tyzzer's initial. 
observation of this phenomenon in 1913. N umerous subse- 
quent animal studies demonstrated that surgical stress ean 
increase the success rate of tumor implantation, the rate of 
growth and the size o? primary tumor, and the rate, size, and 











incidence of subsequent metastases.*? Surgical stress-in- 
duced metastases may be related to impaired bloodstream 
clearance and inereased pulmonary localization of circulating 
tumor emboli, as has been noted as early as 1 hour after the 
application of surgical stress in the rat. Similarly, in humans 
and animals, reports during the past 30 years document the 
abrupt discharge of viable tumor emboli into the systemie 
circulation at the time of cancer resection.” Using reproduc- 
ible animal models, we studied the mechanisms underlying 
surgical stress induction of solid-tumor metastases. Our con- 
cern fecuses on the possibility that comparable processes may 
also oecur in humans and highlights the lack of information 
about possible surgical stress impairment of human host de- 
fenses that may prevent tumor dissemination. 

Researchers have recently identified large granular lym- 
phocytes capable of lysing both cultured and fresh autologous 
tumor. These lymphocytes, known as natural killer (NK) 
cells, ean destroy circulating non-self cells without prior im- 
munologie arming. Phenotypically, morphologically, and 
functienally they are distinct from T cells, B cells, and mono- 
cytes/macrophages. Unlike T cells, the NK cell kills indepen- 
dent of major histocompatibility complex restraints. The NK 
cells are thought to be important in host immunosurveillance 
by providing a rapid first line of defense during the intravas- 


cular klood-borne phase of tumor metastasis." 


Little information is available about NK cell cytotoxicity at 
the time of surgery. Our research seeks to determine the 


mechanism underlying the precipitous decline in NK cell 


cytotoxicity that we have observed in patients undergoing 
cancer resections. This goal is based on the premise that the 
perioperative period may be important as a focus for immuno- 
therapy because tumor burden is maximally decreased. As an 
additional incentive, inereased quantities of tumor emboli 


may be mechanically discharged with perioperative manipu- 


lation, precisely at the time that antitumor immunity (includ- 


ing NK cell cytotoxicity) is down-regulated by surgical stress. 
An accurate understanding of the mechanisms of derange- 
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ment will maximize the future likelihood of perioperative 

immunotherapy. Such therapy potentially takes advantage of 

Irgie reduction and hopefully also protects against the 

m circulating tumor emboli that may be controllable 
is effectors, including NK cells. 


// —. MATERIALS AND METHODS 
- . Preparation of Fresh Effector Cells 


















liter to 40-mL aliquots of peripheral blood were collect- 
ized syringes (typically 3 to 4 x 10" cells). Peripheral- 
clear cells (PBMCs) were isolated by density gradient 
1 with Ficoll/Hypaque. After centrifugation at 500g for 







45 minutes et room temperature, the PBMCs were recovered (typi- 
cally 50% to 70% yield) and adjusted to 2 x 10° PBMCs per milliliter in 
supplemented RPMI 1640 tissue culture solution (sRPMI). 


Preparation of Cryopreserved 
Normal Donor Lymphocytes 


. ‘Normal denor lymphocytes were obtained by leukapheresis isola- 

-tion of donor buffy coats. The buffy-coat PBMCs were then assayed 

- against K562 targets in a 3-hour chromium 51 release assay before 

freezing. Ome-millüliter aliquots of normal donor PBMCs (3x 10" 

PBMCs in 1 mL of 4°C RPMI 1640 plus 20% fetal calf serum plus 10% 

dimethy! sulfoxide) were stepwise frozen down to — 70°C (4°C for 30 

minutes, — 20°C for 2 hours, and —70°C for storage). For thawing, 

frozen vials -of cryopreserved PBMCs were placed in a 387°C water 

bath for 2to 4 minutes until thawed. The resultant cell suspension was 

mixed with : mL of sRPMI warmed to 87°C, washed twice at 200g for 

10 minutes at roomtemperature, resuspended in37°C sRPMI (5 x 10° 

PBMCs per milliliter), and placed in overnight culture at 37°C in 5% 
carbon diox&le before use in chromium 51 release assays. 








Cr Release Assay 


d The NK cell cytotoxic activity was determined by the release of 
-> radioactivity from 5 x 10° "Cr-labeled K562 human erythroleukemia 
^ tumor target cells after 3 hours of incubation at 37°C in 5% carbon 
; dioxide. Effsctor-target ratios were studied in quadruplicate at stan- 
^^ dard ratios. Spontaneous release was determined by incubation of 
"o labeled targets in medium alone and was consistently 5% or less of the 
total incorporated label. Percentage of NK cell cytotoxicity was 
calculated as {(experimental counts per minute — spontaneous counts 
per minute) total counts per minute] x 100. 





Suppressor Cell Assay 


Possible suppressor cell activity was determined by mixing a fixed 
number of preoperative refrigerated PBMCs with increasing doses of 
fresh posto3erative PBMCs sueh that no (1:0), equal (1:1), double 
(1:2), or triple (1:3) concentrations of postoperative effector cells 
(putative “suppressor” cells) were added. These mixtures were as- 
sayed in quadrupicate against K562 targets; simultaneous assays 
were eonducted with unmixed preoperative and postoperative 
PBMC effectors against K562 targets. 


Plastic Adherence 


.. "Wee placed 1 x 10° cells (1 x 10° cells per milliliter of sSRPM:) onto a 

15x 100-mm plastic tissue culture grade petri dish and incubated 
them at 37°C in 5% carbon dioxide for 1 hour. Nonadherent cells were 
collected by: decanting the media and washing the plate three times 
with 10 mL of warm (87°C) sRPMI. Adherent cells were collected by 
adding cold Dulbecco’s phosphate-buffered saline without Ca'' or 
Mg'" to the plate, followed by dislodging the cells with a rubber 
policeman, | 








Nylon Wool Column Separation 


In some experiments, splenoeytes were separated on ny:on wool 
columns. Briefly, 1.5 10° splenocytes were placed onto columns 
. consisting cf 0.8-g nylon wool (Fenwal Laboratories, Deerfield, II) 
‘ked intc a barrel of a 10-mL syringe. After incubation for 45 
nutes at 87°C in a 5% carbon dioxide humidified atmosphere, 

herert cells were collected by elution with 20 mL of warm 
herent cells were obtained by vigorously washing the 
t cold Hank's balanced salt solution. 
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Sheep Red Blood Cell Rosett 

Sheep red blood cells were obtained from U 
Science Park, Smithville. Sheep red blood cells, 
fetal calf serum-RPMI, were mixed at a 100:1 r 
2 x 10'/mL in 5% fetal calf serum-RMPI. A Ficoll 
was underleid, and the solution was centrifuged at $0 
utes. After centrifugation, the interface cells were ec 
washed in Hank's balanced salt solution before usein assays. 


Depletion of NK Cells With Anti-Leu-11 
Monoclonal Antibody Plus Compie 


Anti-Lev-11b monoclonal antibody (Becton-Dick 
tain View, Calif) and rabbit complement (Accurate 
bury, NY) were obtained. Anti-Leu-11b, 0.5pg, was à 
PBMCs per milliliter in sRPMI and incubated for 48 min 
temperature. Rabbit complement (diluted 1:2 in.sRPMD was 
added, and the solution was incubated for 1 hour at room tempera- 
ture. After 1 hour, PBMCs were recovered and washed in SKPMI — — 
before use in assay. po 


Statistical Considerations 


The paired Student's t test was used for all statistical compar'sons, 
except as otherwise indicated. 


RESULTS 


Our research was based on the premise that an aceurate 
understanding of the mechanisms leading to perioperative 
impairment of NK cell cytotoxicity may be pertinent to the 
clinical care of patients with solid tumors. Ourstudies suggest 
that patients undergoing solid-tumor reseetion suffer an 
abrupt and marked perioperative decrease in NK cell 
cytotoxicity. 


Time Kinetics of Perioperative NK Celi Impairment 


We began our studies by examining the time kinetics of 
perioperative NK cell cytotoxicity impairment (Fig 1) Ten 
patients with a variety of solid tumors were studied ai five 
perioperative time points. To control for target cell daily 
variability in sensitivity to lysis, cryopreserved lymphocytes 
from the same normal single donor were used as internal 
longitudinal controls." : 

Marked impairment of NK cell eytotoxicity was noted as 
early as 24 hours after surgery (P<.001). This NK cell impair- 
ment persisted throughout the perioperative period during 
the time points studied. Cryopreserved normal donors as- 
sayed simultaneously against the same target cell aliquots 
showed minimal NK cell eytotoxicity variability over time, 
and so the impairment in patient NK cell cytotoxicity could be 
attributed to the effect of surgery rather than any change in 
target cell sensitivity to lysis. 


impairment of Human NK Cell Cytotoxicity in the 
immediate Perioperative Period and Effect of 
Neoadjuvant Chemotherapy 


The NK cell cytotoxicity was studied in 34 tumor-bearing = 
patients; 14 of these individuals received neoadjuvant chemo- — 
therapy before surgery. Cryopreserved normal donor buffy — 
coats were used as controls and showed minimal NK cell | 
cytotoxic variability (data not shown). All patients demon- — . 
strated significantly impaired NK cell cytotexicity 24 nours 
after surgery (P<.001 for all effector-target ratios; Fig 2). 

As a group, patients receiving myelosuppressive necadju- 
vant chemotherapy before surgery had more markedly im- 
paired NK cell cytotoxicity before surgery (P<.005 for all 
effector-target ratios). Nonetheless, the appiication of surgi- 
cal stress decreased their postoperative NK cell cytotoxicity 
even further (P<.05 for all effector-target ratios except 6:1; 

Fig 2). No clear correlation between epidemiologic factors — . 
(age, sex, extent of surgery, amount of blood loss, type of — x 
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Fig 1.—Human natura! killer (NK) cell cytotoxicity before and after 
Surgery at several postoperative times in a 3-hour chromium 51 re- 
lease. Cryopreserved normal single-donor lymphocytes (broken lines) 


were simultaneously assayed at each time point to provide an internal 
longitudinal control of daily target cell variability in lysis sensitivity. 
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Fig 2.—Human natural killer (NK) cell cytotoxicity before and 24 hours 
after surgery without (left; 20 patients) and with (right; 14 patients) 
preoperative myelosuparessive chemotherapy. Open squares indi- 
cate preoperative NK cell cytotoxiity; closed squares, postoperative 
NK cell cytotoxicity. 


anesthesia, tumor size, histologic features, etc) and the post- 
operative decline in NK cytotoxicity could be made, although 
the sample size studied was too small for that purpose. 


Mechanism of Human Perioperative Suppression 
of NK Cell Cytotoxicity Does Not Involve 
Suppressor Cells 


To detect the possible presence of NK cell-directed sup- 
pressor cells, mixing studies were conducted in an additional 
10 patients undergoing cancer resections. These patients did 
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Fig 3.— Mixing studies to detect the presence of surgically generated 
natural killer (NK) suppressor cells. The assays were performed 24 
hours after surgery using fresh postoperative peripheral blood effector 
cells and cells obtained 24 hours preoperatively and refrigerated 
overnignt. 


not receive preoperative chemotherapy. In these studies, 
individual patient preoperative effector cells were mixed with 
increasing aliquots of postoperative effector cells from the 
same patient. These mixtures were therefore entirely autolo- 
gous, thereby avoiding amy possible allogeneic stimulus or 
suppression that could have resulted if the mixtures incorpo- 
rated allogeneic effectors from other normal fresh or cryopre- 
served donors. In the mixtures, the 1.0 mixture was equiva- 
lent to 50 preoperative effectors to zero postoperative 
effectors to one target; the 1:1 mixture was equivalent to 50 
preoperative effectors to 50 postoperative effectors to one 
target; the 1:2 mixture was equivalent to 50 preoperative 
effectors to 100 postoperative effectors to one target, ete (Fig 
3). 

All mixtures were significantly more cytotoxic than the 1:0 
mixture, implying that as more postoperative effectors were 
added to the mixture, increasing NK cytotoxicity was ob- 
served. However, at both the 1:2 and 1:3 mixtures, the mix- 
ture NK cytotoxicity was significantly less than the NK cyto- 
toxicity of cell number-equivalent doses of preoperative 
effectors (1:2, 37.0%+1.9% vs preoperative 150:1, 
43.1% +1.7%, P<.01; 1:3, 40.7%+1.8% vs preoperative 
200:1, 48.5% + 1.8%, P<.004). It was not clear whether this 
difference represented bona fide suppressor cell activity, 
dilution of preoperative NK cytotoxic effectors by postopera- 
tive effectors that have been directly down-regulated by 
surgical stress (ie, direct “toxic” effect rather than suppres- 
sor cell-mediated effect), ar possibly postoperative depletion 


. of the NK effector cell pool. 


Mixing Studies Using NK Cell-Depleted 
Specimens Suggest Direct NK Cell Impairment 
and Not Suppressor Cell Activity 


To address the possible mechanisms of perioperative NK 
cell cytotoxicity impairment suggested by the initial mixing 
study, an additional mixing experiment was performed. Ten 
additicnal patients not treated with preoperative chemo- 
therapy were studied as in the previous mixing experiment. 
In addition, postoperative cells were depleted of NK cell 
conten: by pretreatment with anti-Leu-11b monoclonal anti- 
body plus complement to remove Fe receptor-positive NK 
cells before their use in mixing experiments (Fig 4). 

Suck treatment effectively ablated NK cell cytotoxic func- 
tion; however, no difference in mixture cytotoxicity was 
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Fig 4.—Mixtures depleted of natural killer (NK) cells did not contain 
suppressor cell activity. Patients were studied in the same manner as 
in Fig 3, except that an aliquot of postoperative peripheral blood was 
treated with anti-Leu-11b monoclonal antibody plus complement to 
remove Fc receptor—positive NK cells before use in mixture. 


noted. This result suggests that the observed postoperative 
NK cell cytotoxicity impairment was not due to suppressor 
activity. Rather, a “direct” NK cell impairment mechanism is 
suggested. Preliminary information suggests that on the ba- 
sis of bot morphologic characteristics (percentage of large 
granular lymphocytes preoperatively, 8.3% + 1.9%, vs per- 
centage cf large granular lymphocytes postoperatively, 
5.5% +1.1%) and cell surface phenotype (CD16 and CD56 
positivity. the mechanism of impairment does not involve 
NK cell ditutional/depletional effects. 


COMMENT 


Our studies suggest that the mechanism of perioperative 
NK cell cytotoxic impairment involves a direct “toxic” effect 
on NK cel s, rather than either an NK cell depletion or an NK 
cell-directed suppressor cell. At the time of surgery, meta- 
bolic changes include increased secretion of catecholamines,” 
glucocorticoids, and prostaglandins.” Each of these sub- 
stances hes been linked to impaired NK cell cytotoxic function 
and may eontribute to the direct “toxic” impairment of NK 
cells. Crary et al" demonstrated that the acute administration 
of physiologic doses of epinephrine to normal volunteers rap- 
idly decreased the percentage of T4 helper cells and HNK- 
1-positive lymphocytes. The NK cell cytotoxic suppressive 
effects of corticoids have also been well documented.” Hol- 
brook et al^ demonstrated the in vitro impairment of human 
NK cell eytotoxicity induced by glucocorticoids. Bray et al" 
demonstrated the in vitro dysregulation of human NK cell 
cytotoxiety by dexamethasone and arachidonic acid. Koren 
and Leurg" demonstrated the NK cell cytotoxic inhibitory 
effects of prostaglandin E,. 

Other studies have demonstrated perioperative impair- 
ment of NK cell cytotoxic function. Guillou et al^ observed 
impaired NK cell cytotoxicity in kidney donors for several 
days after their operations. Tonnesen et al" demonstrated 
marked impairment in postoperative NK cell cytotoxicity on 
postoperative days 1 and 2, with return to preoperative levels 
by day 5, in eight patients undergoing total hip replacement. 
Ryhänen et al” demonstrated impaired NK cell cytotoxicity 
in 12 pat.ents undergoing cardiopulmonary bypass: the im- 
pairment persisted for 2 days after surgery. In this study, the 
NK cell eytotoxicity returned to preoperative levels by the 
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Tth postoperative day. 

Several reports have examined NK celi eytotoxieizy in 
patients with cancer as they undergo tumor resection. Miya- 
zaki et al? demonstrated impaired NK cell cytotoxicity in a 
variety of patients with solid tumors 1, 3, and 6 days after 
surgery. Preoperative levels of NK cell cytotoxicity were 
reattained by the 8th postoperative day. Lukomska et al” 
examined NK cell cytotoxicity in patients with ovarian earci- 
noma undergoing staging laparotomy. Decreased NE cell 
cytotoxicity was observed 24 hours after surgery, with resto- 
ration to preoperative levels by the seventh postoperative 
day. 

Uchida et al” examined NK cell cytotoxic activity in pa- 
tients with breast cancer 1 to 2 weeks after mastectomy. In 16 
of 21 patients, impairment of NK cell cytotoxicity was demon- 
strable 2 to 3 days after surgery; this impairment persisted 
for more than 2 weeks postoperatively. Yoshihara et al^ 
examined the influence of surgical stress on NK cell cytctoxie 
activity in patients with pulmonary and gastrointestinel ma- 
lignant neoplasms undergoing resection. A marked impair- 
ment in NK cell cytolytic activity was noted 1 to 2 days after 
surgery. This NK cell cytotoxic impairment persisted for 1 
week after laparotomy and 2 weeks after thoracotomy. How- 
ever, these studies did not attempt to determine the underly- 
ing mechanism of perioperative NK cell cytetoxic 
impairment. 

Our own studies of murine surgical stress impairment of 
NK cell cytotoxicity are apparently the initial reports ef this 
phenomenon to appear in the literature. In 1984 we estab- 
lished that hind limb amputation impaired NK cell cytotoxic- 
ity in C57BL/6 mice 24 hours after surgery.’ Animals imolant- 
ed with Lewis lung carcinoma in the footpad 24 hours after 
amputation had increased pulmonary metastases relative to 
unstressed tumor-bearing controls. Animals in which the 
non-tumor-bearing limb was amputated after 1 week of tu- 
mor bearing also had increased metastases, whereas tumor- 
bearing leg amputation was curative at 1 week. In this model, 
progressive Lewis lung carcinoma tumor burden also caused 
total suppression of NK cell cytotoxicity after 2 weeks of 
tumor growth. Subsequently, we demonstrated that the im- 
pairment of NK cell cytotoxicity by progressive tumor bur- 
den occurred simultaneously with increasing iodine I .25-5- 
iodo-2' deoxyuridine uptake in the lungs.” 

More recently, we have focused on the mechanism əf NK 
cell cytotoxic impairment induced by surgical stress. The 
time kinetics, possible roles of competitor and suppressor 
cells, and in vivo prophylactic therapy have been expbred.” 
The perioperative NK cell impairment was noted in spleen, 
bone marrow, and peripheral-blood compartments." Part of 
the mechanism of this impairment could be attributed to 
splenie erythroblast competition with NK cells for tumor 
target binding sites." In addition, impaired NK cell recycling 
capacity also contributed to the mechanism of impairment." 

Our research seeks to determine the mechanism urderly- 
ing the precipitous decline of NK cytotoxicity observed in 
patients undergoing cancer resections. This goal is based on 
the premise that the perioperative period may be important 
as a focus for immune therapy because tumor burden is maxi- 
mally decreased. As an additional incentive, increasec quali- 
ties of tumor emboli may be mechanically discharged with 
perioperative manipulation, precisely at the time that antitu- 
mor immunity (including NK cell cytotoxicity) is dowm-regu- 
lated by surgical stress. An accurate understanding of the 
mechanisms of derangement will maximize the future likeli- 
hood of immune effector cell-specific perioperative 
immunotherapy. 


This study was supported by National Cancer Institute FIRST award 
1R29CA51512 (Dr Pollock). 
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It has been difficult to discount the possibility that tumor manipula- 
tion during operations with release of tumor cella into the circulation 
accounts for at least some surgical failures. Pollock and associates 
eonsider the possibility that perioperative suppression of NK cells 
helps to ensure the viability of these tumor embeli, and they explore 
the mechanism by which the cytotoxicity of NK cells is impaired 
postoperatively in patients with cancer. 

These researchers found several interesting things. The first was 
_ that the deficit of NK cell function in patients was prolonged, lasting 
at least a week. They also found that the depression of NK cell 
-= function was not because there were fewer of them around (their 
numbers were not depleted} or because they were inhibited by sup- 
pressor cells (suppressor cells collected during the postoperative 
period did not inhibit the cytotoxic action of NK cells from the same 
patients collected preoperatively). They concluded that the problem 
was some other adverse effect of surgery on the cell-killing action of 
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Clinical Relevance Statement 


NK cells, a “direct” effect. Among the prime candidates are glucocor- 
ticoids, catecholamines, and prostaglandins, all of which are in- 
creased by surgical stress and all of which are known to impair NK cell 
cytotoxic function. I would venture that the possibilities are even 
greater: anesthetic agents, narcotics, and homologous blood transfu- 
sions, all of which make operations possible, are immunosuppressive. 
A defect in NK cell function appears to be well documented in both 
animals and humans and facilitates blood-borne metastases in tumor 
models. Whether the latter is true in humans remains uncertain. If it 
is, and if it could be reversed, then to the extent that perioperative 
vascular spread accounts for surgical failures, surgical cures might be 
increased. 


WILLIAM L. DONEGAN, MD 
Milwaukee, Wis 


Natural Killer Cell Cytotoxicity — Pollock et al 





More confidence in presumptive antibiotic 

therapy. Prescribing UNASYN presumptively is a step 

you can take with confidence. UNASYN covers gram- 
positives (even enterococci), preva- 


“<7 Us S till like walki ng the lent gram-negatives, and anaerobes: 


The right combination for most 


high wire, but now I have — patients with common mixed 


99 infections. * 
a safety net. And UNASYN minimizes safety 
concerns with a reliable penicillin- 
class profile.' (However, UNASYN is contraindicated in 
penicillin-allergic patients. ) 
Expect strong support from UNASYN in the mixed 
infections* you face every day. 
1.50r IM q6h 


Unasyn: 


(ampicillin sodium/sulbactam sodium) 









A division of Pfizer "Pharmaceuticals 


*Due to susceptible strains of indicated organisms. An antibiotic for every day 


Please see bref summary of prescribing information 
on adjacent page 


©1989, Pfizer Inc 















e On tequest from 















Qroue. Abstract, presented at the Án 
M crobiciogy. Miam Beach, Fia: M 
Pavia M: in vitro susceptibilities of aergb 
ün/sulbactam . Presented zs 
















SympOsuam ei 






Maentreux, Switzerland, July 16-1 
Achyity of sulbactam against recen 








dra ded Fsternationa: Congr 
Agents and Chemotherapy. Las Vegas. Cet? 
B: Susceptibiity of anaerobes ta amos 
microbial agents. abstract. Presected att! 
Society tar Microbioto 
OHM. Harris B. Carter 











tortroded tal of ampicdin plus < 








^v Infect Dis TOBE. Bi suppl 51 SER3-$5 


Suibactar Atlanta. December 6. 7987 p 14 tabs} 
INDICATIONS AND USAGE 





aar d Pre err ARAL free rp CHA Ra ri II A MEAN PII SEA Ny sed es ies 


H 
H 
F 
i 
i 
| 
t 
i 
i 
i 
H . 
I 


De 


rael 
rc 


viruses 


Medical Groups 
e Edition ~ iathe lU S. 
to eder A Survey of | 
Characterist 


anes 


arate 


as 











VEA 





uu 


see 








ettet 


idazote 


hetronidazate- 
J Obstet 


Am 






ünical istlates to 
7th Annual j 
th 1987 hypersensdenty reactions fo any af the penicilins 
and ther man- 
Susceptibiny ; 
ulbartam ard — TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
$i iied Ampicidtmi 
Jreatment of infectious Disease 
Ser pp 13-2C. & Tay FP. Jacobus NV 
otates of aergbucand anaerobic bactena. 
8$ 0! Antimmrotual 
4-26.1982(255) 8. Wasilauskas 
lin-sulbacam ang & other anti- 










a 


tDrugs her 
lemseti. PG 


age of Obstet 
senf H-H. Seg. 
š Cefoxiin in the 
miectots Drogs 986 31isuppl 
"mint G postpartumendometntis 


tssues hgeg Gyr Obstel 19856 562 
3578-578 VW. Kager L, Mambor AS. Nord CE. s! at À randomaed 
Baclam vs. gentamuch plus cun- 
Gamycinin the treatment of ntraahdoeinal intechons: A preheninaryfepert 
88 14. Eronat MA. Pouly JL Le 
Bowdec G. etat. Treatment of acute saipingitis with Sulbactamampicun 
Comparison with cetoxitin Drogs 986 S (supp 217-10. 16. Fara S Expe 
neace with ampicilin/sulbactam for GR/GYN infections. Presented ata 
Symposium enttied P ie anaa istubdors Prognos with Ampedini 

e 


UNASYN.is indicated for the treatment af inteztons due to susceptibie 
‘Strains of the designated microorganisms n thezonitions usted below 
Skin aad Skin Structure infections caused ^y beta~actamase producing 








* 






E f Pegmonae* | Bacteroides 
spp. including 8 frag MFEHero k 
Gynecological infections caused by beta-lactamase producing strains of 
£schenctia cati. * and Bacteroides spo * incudina B. frega). 
"Efficacy für this orgamsmm this prgan system was sisdred i fewer than tü 
m. mnfections | 
While UNASYN* (ampicillin sodagmisulbactam sodium) is indicated only 
lor the conditions listed above infections Caused by ampicribn susceptible 
organisms are diso amenable to treatment with UNAS YN duetpils ampi 
us content Therefore mixed sfeehens caused hy ampicdhn-susceptituie 
a organisms and beta-lactamase producing organisms susceptibie to 
UNASYN shauid not require the addition af another antibutic 
CONTRAINDICATIONS 
The use of UNASYN is contraindicated i6 ingeiduals with 3 history of 








WARNINGS | | 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY IANAPHYLAC- 


THERAPY THESE REACTIONS ARE MORE APT TOOCCUR IN INDIVIDUALS 
WITH A HISTORY GF PENICILLIN HYPERSENSITIVITY AND/OR HYPER. 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH A HISTORY CF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA.- 
LOSPORINS BEFORE THERAPY WITH A PENICILLIN CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC 
TIONS TO PENICILLINS. CEPHALOSPORINS AND DIMER ALLERGENS IE 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 

SERIOUS ANAPHY? ACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
(GENCY TREATMENT WITH EPINEPHRINE OXYGEN INTRAVENOUS 
STEROIDS AND AIRWAY MANAGEMENT INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 
General: A high percentage of patents with mon 
ampiciin develop asian rash. Thus ampicuiin cig: 
De administered to catients with mosonucieos;s 
ANASYN the possibiity of supenrfectians with myer 
gens should be kept i^ mind during therapy if 
iusugtiy involving Pseudomonas 3r Candida; the 
anuec andior apprantate therapy institutes 
Drug interactions: Probenecid decreases the rena: tubuigr secretion wf 
ampiGiiin and suibaelam Concurtent use at grab h UNASYN may 
"eSu't in increased and prolonged blood levels af ampicilun and Su'bactam 
The concurrent administration of allopyonal and amicti IDCreases sup- 
if stantily the medence of rashes im patents recessng both rugs as 
;oümpsedlopatents tecewingammiceénnalone Hisnotknawn whether ths 
Jotentation of amp dlim rashes i due to aliopurinot or the hyperuricemia 
Wesent in these patents. There ace ng data win UNASYN and aliopunnat 
admiustered concurrently UNASYN and amunogiyzosdes should not be 
"ecofisttuted together due to the ir vitro mactivation of aminoqiycosides by 
he ampicilin component of UNASYN 

Jrug/Laboratory Test interactions: Administration o! UNASYN wel result 
in Pugh unne concentrations of ampin High unne concentrations of 
ampicónn máy result in false positive reactins when testing for the 
Oresence gi glucose in urne using Cimtest” Benedict s Solution of 
tenhngs Solution !! is recommended that guicose tests based on en. 
ymaltit glucose oxidase reactions isuch as Clinistix " ay Testape "! be 
used Following qdmenistration of ampicifin to pregnant women. atransient 
decrease i plasma concentration of total cay ugaled estripi, gs- 
FioigiuCuryude. comugated estrone. and estraciot has heen nated This 

















SOS who receive 
iibvatics should not 
ábents treated with 
:0r Báctena! patho- 
infections occi 
ug should be dison- 














































hat trends exist 
among m 

















ase producihgstrains of — 


eue utem tee AMA PA anaemia tei TTT TET 


gei std 
uta 


egoryB: Reproduction studies have been performecin mune 
oc rabits at doses up to ten (10: times the human dose and have 

iG evidence af unpaired fertility ar harm to the fetus due to 
& There are. however no adequate and well controlled studies «n 
women. Because ammal reproduction studies are not always 
dichve of human response, this drug should be used during pregnancy 


only : d needed. (See Drug; Laboratory Test Interactions ! 
Labor and Delivery: Studies in gunea mgs have shown thatintravengus 


aórenistaton of ampeodln decreased the. gerne tone. frequency of 
contractis 


Nursing Mothers: Low concentrations of ampicilin and sulbactam are 
excreted in the milk. therefore. caution should be exercised when GNASYN 
is administered. to a nursing woman 
Pediatric tse: Theethcacyand satety of UNAS YN have not been established 
mn rdantsand chidren under the age af 12 
ADVERSE REACTIONS 
UNAS Was generally well tolerated The iohoaeng adverse reactions have 
been reper ted 
Loca! Adverse Reactions 
Pan ati M injection site — 185, 
Tnromsophlebitis =- 35, 


Themostfrequentiy reported adverse reachons were cdiarrheacn 3*s af the 





nS:On. giossiHtis urineretentbion. dysuria 
edema. fanai swelling, erythema. chills. tightness in throat. substernar 
pair. epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard te drug relationship that were 
reported dufmg chnmal trials were 
Hepatic Increased AST (i5GOT) ALT ISGPT? alkaline phosphatase and 
LOW 
Hemafciogic. Decreased hemoglobin, hematocnt ABC WBE neu 
trüphis, lymphocytes platelets and increased lymphocytes mong- 
Clos. Dasophis, eosimophis. and platelets 
Boot Chemistry: Decreased secum atbumin and tota! proteins 
feng creased BUN and creatinine 
Urilyss Presence of ABC's and hyalne castsio grme 
The ‘allowing adverse reactions have been réported with ampicdkn-ciass 
antibigbcs and can also occur with UNASYN 
Gastraistestinal Gastnitis stomatitis. black “Harty tongue, enteracobtos 
an aseucomegmbranous coins 
Hypersensitivity Reactions: Urticaria. erythema multiforme. and an pera- 
SONA Case of exfohative dermatins have been reported. These reachons 
may 92 controled with antihistamines and id Necessary, Systemic corhen: 
stercids. Whenever such reactions occur the drug should be discontinued 
sess the opman of the physician dictates otherwise. Serious and oera- 
sional fatal hypersensitiaty (anaphylactic) reactions can occur with a 
penieniin esee WARNINGS 
Hematologie: in addition te the adverse laboratory changes listed above fo: 
UNASYS agranulocytosis has been reported guung therapy with per 
cules Ab of these reactions are usually reversible on discontinuation of 
herapy ang are beheved to be hypersensitivity phenomena 





Á eiren VH euer Éharmapgtoh Bis 
few s Nieve hey ODIT 





ical groups today? 


Available now... Medical Groups in the U.S. —A Survey of Practice 
Characteristics 1990 Edition is the ideal reference for anyone interested in 
current trends or involved with planning for the ongoing success of an 


existing group. 


Medical Groups in the U.S. is the only source of comprehensive information 
on medical groups. It summarizes and analyzes the latest survey data and 
census information for more than 16,000 medical groups throughout the 


country. 
Backed by the authority of the AMA 


The data you'll find in this reference is derived from the AMA Masterfile, 
the only database maintained on all U.S. physicians. 


Some specific areas of information addressed in the book: 


* number of groups 

* group size 

* specialty composition 

* geographic distribution 

* organizational characteristics 


Here's how you can order your copy now! 


* managed care impact 
* hospital relationships 
* medica! facilities 

* business equipment 


Order this latest version of Medical Groups in the U.S. — A Survey of 
Practice Characteristics 1990 Edition. Order Number OP 390390. 
AMA Member $60, Non-member $90. Call 1-800-621-8335 and charge 





payment to your MasterCard or Visa. 














T the Reduction 
ost Common Western Cancers 









el 'ailure of Therapy to Reduce Disease 


Denis Burkitt, MD, FRCS, FRS 


I natherapeutically oriented medical climate, a highly unac- 
L ceptable fact that is rarely considered yet indisputable is 
that with rare exceptions of some highly contagious infec- 
tions, there is no evidence that the incidence of any disease 
was ever reduced by treatment. Infective disease was con- 

- quered by reduction in exposure to infeetive agents by im- 
- proved hygiene and protection against infective agents by 
-immunization and improved nutrition. Improved therapy did 
— .. much to reduce mortality but not to reduce incidence.’ The 
{ability of therapy to reduce incidence of disease applies 
totally in the realm of noninfective disease, and particularly 
~ with regard to cancer. 


OU 


~ However, the vast majority of effort and facilities devoted 
to cancer research is directed to advances in treatment, with 
the second priority given to sereening programs attempting 
earlier diagnosis. Is there any evidence that the incidence of 
any form of cancer has ever been reduced by improved treat- 
ment or by early detection? Early diagnosis can certainly 
reduce mortality rates in cancer sufferers. ‘Medical services 
= have a profoundly beneficial effect on sick people, but have 

little, if any, on the number of people becoming ill. | 



















ys been customary to classify diseases according 
ures, organs, or ti involved, with the possi- 
ire as the aim. McKeown’ has suggested a much 
classification from an entirely different orientation, 
tion as the ultimate goal. He classified diseases 
'eauses, and divided them first into prenatal and 
diseases, the former being largely due to genetic 
d the latter, which includes almost all disease, he 
i to be due to three major and fundamental causes. 
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He described the largest section as hazards, which denoted all - 

noxious elements in the environment, whether mieroorgan- 
isms, trauma, temperature, radiation, poisons, or any kind of . 
dangers.” The two other causes were deficiencies that were- 
mostly nutritional and the manifestations of malacaptation, 
which included all the diseases, both benign and malignant, _ 
that are largely limited to modern western culture. The last 
section includes the cancers that are common only ineconomi- —— 
cally developed populations. SO 


CANCER AND ENVIRONMENT 


Studies of cancer distribution patterns geographically, s0- 
cioeconomically, chronologically, or following emigration 
have forced the conclusion that the vast majority of cases of. 
cancer must be due primarily to environmental factors." This 
compels the conviction that the only logical approach to the 
reduction of any form of cancer must be a search for responsi- 
ble environmental factors followed by efforts to reduce 0 
eliminate them. A striking example of environmental infh 
ences is supplied by the figures published by the American 
Cancer Society suggesting that two thirds of all cases | 
cancer in the United States are caused by only two factor 
smoke inhaled and food ingested.’ Doll and Peto’ came to th 
same conclusion in Great Britain. ME 

If an engine repeatedly stops as a consequence of be 
exposed to the elements, it is of limited value to rely on the 
of mechanics to detect and remedy the fault. Examinatio 
all engines would reveal that those out in the rain we 
stopping, but those under cover were running wel. T 





medicine. 


THREE RECENT OBSERVATIONS 
OF MAJOR SIGNIFICANCE 


Three observations of major importanee to health have 
been made during the last few decades, yet the majority of ` 
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physicians, if asked to list what they cønsidered the most 
significant discoveries of this century, would be unlikely to 
include any of them. The first observation was that most of 
the major maladies in economically developed populations are 
rare or unknown in communities in which life-style differs 
little from that to which man is genetically adapted. These 
diseases were rare even in the most industrialized nations 
before the second quarter of the presen: century, yet they 
have comparable prevalences in both black and white Ameri- 
cans today. Consequently they must be attributed not to our 
genetie inheritance but to our life-style—a conclusion that 
... compels the conviction that they must be potentially prevent- 

able. The men most responsible for this realization have been 
Cleave’ and Trowell, both deceased. I knew them well and 
owe each a profound debt. 

The second observation is that all these diseases must be 
viewed as manifestations of maladaption to a new environ- 
ment into which we have precipitously plunged and to which 
we are not genetically adapted.’ Any piant or animal placed in 
an environment far removed from that to which it is genetical- 
ly adapted withers and dies. Western man has made more 
changes in his life-style during the past 200 years than during 
the previous 20000 years, and there is no exception to this 
rule. The third important discovery is the knowledge now 
available to us of the life-style and eating habits of our paleo- 
lithic ancestors.’ 

It appears that the only way to reduce the prevalence of 
Western diseases, including characteristically Western can- 
cers, is to narrow the divergence between the life-style and 
type of diet, in particular, to which we are genetically coded 
and those that we have adopted. 


WESTERN DISEASES 


The diseases that are eharaeteristie of and generally ac- 
-cepted as resulting from modern Western life-style inelude 
the three most common cancers of men in most affluent societ- 
ies—lung, large bowel, and prostate—and the three most 
common cancers in women in these societies —lung, breast, 
and bowel. These are part and parcel of the same family of 
. diseases from a causative, as against an anatomic or histolog- 
. ie, elassification. The list contains such major health hazards 
às coronary heart disease, diabetes, gailstenes, appendicitis, 
- diverticular disease, hiatus hernia, varicose veins, hemor- 
.. rhoids, and obesity, which are some of the disorders that have 
` been related to specific changes in diet that resulted from the 
- industrial revolut:on.*" There are other diseases of obscure 
 etiologie factors that have been observed to be uncommon in 
communities still living in a relatively traditional manner, 
such as multiple sclerosis, ulcerative colitis, Crohn's disease, 
deep vein thrombosis, and autoimmune disease, to mention a 
. few. It is of particular interest that the forms of cancer that 

are consistently more common in industrialized populations 
appear always to be associated with life-styles far removed 
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Contrasts Between Paleolithic, Third-World, and Modern Western Diets" 









































from that to which we are genetically adapted. These tumors 
are as follows: lung cancer, attributed to smoking; colorectal 
cancer which is almost eertainly diet related, since excess fat 
is considered causative and dietary fiber believed to be pro- 
tective; and breast cancer, in which fat is considered promo- 
tive"" and fiber probably protective. An extensive search 
through the forest of figures for the incidence of various 
cancers in different populations" emphasizes with monoto- 
nous regularity a consistent inverse relationship between the 
incidence of both colon and rectal cancers and the life-styles 
associated with modern Western culture. There is also a 
constant though less dramatie relationship between economie 
develepment and breast cancer. Although striking, it is less 
dramatic since many factors in addition to diet are involved, 
such as age at menarche, age at first pregnancy, parity, and 
perioc of lactation. 

It is more difficult to trace the geography of prostatic 
cancer because figures are less available, but it appears to be 
rare in third-world populations. Because it is a hormone- 
dependent cancer, diet and fat, in particular, have been impli- 
cated in its causation. It has been shown that quite indepen- 
dent of the fat or fiber eontent of the diet, excessive energy 
intake increases the prevalence of both large-bowel and 
breast tumors in animals. ^" 

The relationships not only between those characteristically 
Western neoplasms, but also between them and the whole list 
of other Western diseases, requires explanation. The concept 
that they are all manifestations of maladaptation to a new 
environment is consistent with the evidence available, and I 
am aware of no other postulated explanations that fit the 
facts. Consistent with these observations is the evidence now 
available that Seventh Day Adventists, who are nonsmoking 
vegetarians with lower consumption of animal fat and almost 
double the dietary fiber intake of average Americans, have 
significantly lower rates of many Western diseases and also of 
lung, bowel, breast, and prostate cancer.” 


DIETARY CHANGES 


The major dietary changes that have been incriminated in 
the origin of Western diseases are those that contrast current 
Western diets with those of our paleolithic hunter-gatherer 
ancestors. Similar changes, though much less marked, distin- 
guish hunter-gatherer from peasant agriculturalist diets. The 
most dramatic contrasts between paleolithic and modern 
Western diets are as follows (Table): (1) a reduction in the 
amount of energy we derive from starch foods by one half to 
two thirds; (2) a reduction of dietary fiber intake by about 
75%; (3) the proportion of energy derived from fat has been 
more than doubled; (4) salt intake has been increased fivefold; 
9) sugar, whieh in the past was consumed in a pure form 
honey), now accounts for one fifth of our total energy intake; 
and (6) the diet of our distant ancestors was energy dilute 
Whereas ours is energy dense. 


€ 
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TING THE WRONG FUEL IN THE TANK 


sess Stone Age bodies. Our genes have not 
changed in thousands of years, but the environ- 
h we live has altered rapidly and radically. 
rn junk food into our Stone Age bodies is eompa- 
utting high-grade genie into engines designed 
esel fuel.” 


ONCORDANCE AND DISCORDANCE 


sof two wheels are i al size and are equally 
syncl onize with one another and 
othly i in unison. T concordance. If, however, 
e wheel are altered in shape, size, or position, 
he two wheels will no longer intermesh and there 
ordance, disruption, and even destruction. The 
enetic wheel have remained unchanged, whereas 
-environmental wheel have changed drastically. 
y to achieve a return to some semblance of eoncor- 
tor nodify our environmental cogs, our life-style. 


.. SHARED CAUSE IMPLIES COMMON PREVENTION 

































(M di is not yet generally appreciated that almost precisely the 
ne : same precautionary measures, particularly in eating habits, 
-are being *ecommended by specialists in different branches of 
medicine for patients under their care. Not only do cardiolo- 
gists, diabetitians, gastroenterologists, and nutritionists rec- 

ommend their patients to reduce their fat and inerease their 
fiber intake and to reduce energy intake in general, but 
oncologists are also incriminating excessive fat and excessive 
energy intake as probable causative factors in both colorectal 
and breast cancer and consider adequate fiber intake to be 
protective against large-bowel cancer and probably also 
against breast cancer. If doctors in different specialties could 
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appreciate that the measures they recommend for the pre- — 
vention of specific diseases in their particular specialty might . 
also be effective against other uem it could significantly 

increase patient compliance. i 


THE BOX OF RESEARCH i 
Medical research can be likened to a box with. Bümber of 




















box and emanates from the pipe attached to the othe s 
the box. To prevent the flow from the exit pipe; it is 
to determine ed of the pipes pine to the en 























deal satisfactorily with the problem. The « enter 

pipes correspond to the cause or causes of disease 
ing and removing the causes prevents the disease. It is u 
essary to understand the mechanisms whereby the conte 
the entering pipes is converted within the box to the 
of the exit pipe—the disease-causing factor. Medic 1 
abounds with examples to underline this principle, y yet the : 
vast majority of research, particularly in the f:eld of cancer, is Us 
devoted to what goes on within the box, endeavoring to | 
understand the mechanisms of causation. m 


THE CLIFF OR THE AMBULANCE 


If people are falling over the edge of a cliff and sustaining ^ — 
injuries, the problem could be dealt with by stationing ambu- | 
lances at the bottom or erecting a fence at the top. Unfortu- .— 
nately, we put far too much effort into the prevision of ambu- —. 
lances and far too little into the simple appreach of erecting A 
fences. 
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KR ioimmur oguided Surgery Using Iodine 12 
.. B72.3 in Patients With Colorectal Cancer 








23 Alfred M. Cohen, MD; Edward W. Martin Jr, MD; Ian Lavery, MD; John Daly, MD; Armando Sardi, MD; Delmar Aitken, MD; 


Kirby Bland, MD; Cathy Mojzisik, RN, MS; George Hinkle, RPh, MS 


e Preliminary data using B72.3 murine monoclonal antibody 
labeled wit! iodine 125 suggested that both clinically apparent as 
well as occult sites of colorectal cancer could be identified intrao- 
peratively using a hand-held gamma detecting probe. We report 
the preliminary data of a multicenter trial of this approach in 
patients w:th primary or recurrent colorectal cancer. One hun- 
dred four patients with primary, suspected, or known recurrent 

^... colorectal cancer received an intravenous infusion of 1 mg of 

X B723 morocional antibody radiolabeled with 7.4 x 10 Bq of io- 

_ dine125. Twenty-six patients with primary colorectal cancer and 

72 patients with recurrent colorectal cancer were examined. Us- 

ing the garma detecting probe, 78% of the patients had localiza- 

tion of the antibody in their tumor; this included 75% of primary 

tumor sites and 63% of all recurrent tumor sites; 9.2% of all tumor 

sites identified represented occult sites detected only with the 

gamma detecting probe. The overall sensitivity was 77% and a 

predictive value of a positive detection was 78%. A total of 30 

occult sites in 26 patients were identified. in patients with recur- 

rent cancer, the antibody study provided unique data that pre- 

cluded resection in 10 patients, and in another eight patients it 
extended the potentially curative procedure. 

(Arch Surg. 1991;126:349-352) 


T A ceurate determination of the extent of tumor within the 
(0 « X. abdamen is crucial for the successful treatment of pa- 
tients with primary or recurrent colorectal cancer. Computed 
tomograpaie (CT) scans combined with surgical exploration 
are not 10)% sensitive. Radioimmunolocalization using radio- 
labeled monoclonal antibodies potentially may complement 
these traditional approaches." Murine antibodies directed 
rd ezreinoembryonie antigen (CEA)" or the TAG-72 
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antigen" " have been the most widely used. Radioimmunoloca- 
lization imaging using gamma cameras and more recently 
single photon emission CT are obtained using iodine 131, 
indium 111, or teehnetium 99m radionuclides, Problems with 
blood pool background and hepatic uptake restrict the:sensi- 
tivity and specificity of these images. To obviate some of the 
inherent limitations with external imaging radioimmunoloca- 
lization, the Ohio State University College of Medicine group 
has developed an intraoperative gamma. detecting probe 
(GDP) (Neoprobe Corporation, Columbus, Ohio)” that has 
been shown to be useful in the localization of tumor at laparot- 
omy using the weak gamma-emitting iodine 125 to label mono- 
clonal antibody." This technique is referred to as radioim- 
munoguided surgery (RIGS)." 

In a preliminary study of 37 patients with colorectal eancer 
studied by Martin and colleagues” in which 872.3 labeled with 
iodine 125 was used, eight of nine patients with primary 
cancer had localization as did 47 of 57 tumor sites, Occult 
tumor was detected in 26% of patients." Based on these 
encouraging data, a multicenter trial using the B72.3 RIGS 
system was begun to evaluate toxic side effects, tumor local- 
ization, and the detection of occult tumor sites. The prelimi- 
nary data on 105 patients are reported herein. 


PATIENTS AND METHODS 


Eligible patients had primary, suspected, or presumed reeurrent 


colorectal cancer. The patients with presumed recurrent caneer had. 
tumor on examination, endoscopy, roentgenogram, or CT scan. Pa- = 
tients with suspected recurrences had a negative extent of disease ^ —. 


evaluation but a rising CEA level. All patients had to be considered 


eligible for a therapeutic laparotomy. Patients could not have a &u 


history of exposure to a murine antibody. One hundred five patients 
were entered over an 18-month period from seven centers. In pa- 
tients with presumed recurrence, an extent of disease evaluation 
included a colonoscopy, CT sean of the chest and abdomen, and a bone 
sean. All patients signed an Institutional Review Board written 
consent. Two days prior to administration of the antibody, thepatient 
began treatment with an oral saturated solution of potassium iodide 
10 drops twice a day and this regimen was continued for $ weeks 
following injection. Skin testing with 0.1 mg of unlabeled antibody 
was performed 30 minutes to 24 hours prior to injection of the 


radiolabeled antibody. The antibody was radioiodinated using the 


Iodogen method employed in the Nuclear Pharmacy at the Ohio State 
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Table 1.— Tumor Localization Correlation* 


Surgical Pathologic 
RIGSt Findings Findings % 


-= + + 12.8 
— B = 7.8 


*Plus signs indicate positive finding for cancer; minus signs, negative test or 
finding for cancer. 
TRIGS indicates radicimmuncguided surgery. Sensitivity — 7796; predictive 


value 4- RIGS - 7895. 


Table 2.— Overall Detection of Occult Tumor With RIGS* 


Retroperitoneal infrapancreatic 

Periportal 

Liver 

Retroperitoneal/suprapancreatic or retropancreatic 
Cecum 
Supraclavicular nodes 


*RIGS indicates radioimmunoguided surgery. 
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University Medical Center. Once a negative skin test with unlabeled 
antibody was confirmed, the patient received by intravenous push 
1 mg of B72.3 labeled with 7.4 x 10 Bq of iodine 125 diluted in4 mL and 
infused over 5 minutes. Vital signs were observed frequently in 
patients for 60 minutes after administration of the radiolabeled anti- 
body. Patients were seheduled for operation when precordial counts 
using the GDP (Neoprobe 1000, Neoprobe Corporation, Columbus, 
Ohio) were less than 10 counts per second. Serum samples were 
obtained in the interval between antibody injection and surgery for 
determination of serum radioactivity, blood cell counts, blood chemis- 
try study and thyroid function test results, CEA, TAG-72 antigen, 
human anti-mouse antibodies (HAMA), and immune complexes. 
Subsequent to the operation, additional samples were drawn for the 
determination of thyroid function and HAMA levels. 

The operative procedure involved a thorough laparotomy. A for- 
mal site-by-site chart was followed to ensure complete and uniform 
delineation of clinically apparent sites of cancer. Following this *stan- 
dard" surgical exploration, patients underwent detailed counting of 
all potential tumor sites with the GDP. Two second counts in tripli- 
cate were obtained from all sites. To facilitate the detection of areas of 
increased radioactivity, the microprocessor-generated audio signal of 
the GDP was used. The background radioactivity was “squelched” by 
placing the probe over the aorta. The probe was set to produce an 
audible response only when counts exceeded twice the background. 
The greater the counts, the higher the frequency of the emitted 
sound. Biopsy specimens were taken from areas of increased probe 
counts but in which there was no obvious tumor and these samples 
were sent for frozen section. Based on clinical and GDP-directed 
biopsy data, a decision was made concerning the extent of the surgical 
procedure. In patients undergoing resection of primary cancers or 
resectable recurrences, the probe was used to ascertain complete- 
ness of the resection by determining counts from the “tumor bed” 
following presumed clinically eomplete tumor extirpation. In addition 
to routine histologic examination, specimens were counted ex vivo 
with the GDP, in vitro by well scintillation, and reviewed for the 
presence of the TAG-72 antigen. 


RESULTS 


One hundred five patients with colorectal cancer were en- 
rolled. One patient did not receive the antibody because of 
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Occult Sites (n=30) 


PIC co e Supraclavicular 
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Liver 
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Area 








Location of occult tumor sites with radioimmunoguided surgery not 
apparent on routine examination, roentgenograms and scans, or sur- 
gical exploration. 


acute hypersensitivity reaction to the skin test. The group 
included 26 patients with primary cases and 78 patients with 
recurrent or presumed recurrent cases. Of the latter group, 
recurrence was confirmed in 72 patients, but no tumor was 
found in six patients either with standard surgical exploration 
or with the GDP. Analysis of variance revealed statistically 
significant changes for temperature (—1°C), systolic blood 
pressure (—3 mm Hg), and hemoglobin (—0.3 g). These 
changes were miniscule and considered to be of no clinical 
significance. Unequivoeally positive HAMA developed in 
40% of patients within 5 weeks. 

Using the GDP system, 78% of patients had tumor localiza- 
tion. This included 24 (75%) of 32 sites in patients with 
primary tumor and 126 (63%) of 199 sites in patients with 
recurrent colorectal cancer. The surgical, pathologic, and 
radioimmunoguided correlations are delineated in Table 1. Of 
all tumor sites confirmed pathologically, 9.2% were clinically 
occult and identified based on a GDP-directed biopsy speci- 
men. Baseline circulating TAG-72 levels were determined on 
61 of 87 patients. A x^ analysis indicated no significant rela- 
tionship between the circulating TAG-72 levels and the local- 
ization of the iodine 125 B72.3 antibody. A similar analysis of 
the HAMA failed to reveal any correlation between the devel- 
opment of mouse antibodies and the localization. 

Overall, occult tumor was identified at 30 sites in 26 pa- 
tients using GDP-directed biopsy specimens of clinically nor- 
mal tissue. Delineation by site is listed in Table 2 and depicted 
in the Figure. In the 26 patients with primary colorectal 
cancer. additional occult tumor was detected with the GDP 
and resected from two sites in the retroperitoneum, one in the 
pelvis, one in the periportal region, and four within the liver. 
The impact on surgical treatment of patients with recurrent 
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Table 3.— Impact of RIGS* on Surgical Management 


RIGS cata extended procedure 


a *RIGS indicates radicimmunoguided surgery. 


ene eancer is outlined in Table 3. Of the 37 patients with 
recurrent eancer deemed unresectable, in 2796 of cases the 
operative decision not to proceed with resection was based on 


a the probe-1irected data. Of the 35 patients who underwent 
e resection, in 28396 the operation was extended based on the 
—.. GDP-diree 


ezed data. 





COMMENT 

Locally advanced, recurrent, or metastatic colorectal can- 
cers potentially are still amenable to surgical cure. Chest 
roentgencgram, chest CT, and bone scan are effective in 
ruling out gross extra-abdominal disease. However, the sen- 
sitivity of abdominal CT scan to detect all sites of abdominal/ 
retroperiteneal tumor is only 50%. In addition, there isa large 
group of patients who develop a rising CEA level with nega- 
tive exten: of disease evaluation who undergo exploratory 
laparoton:y. Intraoperative definition of all tumor sites in 
such patients i is frequently difficult because of adhesions and 
concerns im obtaining a large number of frozen section biopsy 
specimens from areas that are only marginally suspicious. 

Since th» pioneering studies carried out by Goldenberg and 
colleagues" as well as Mach and collaborators,” there has 


< been sign ficant progress and development of monoclonal 


antibodies reactive against colorectal cancer and useful in 
external gamma camera radioimmunolocalization." ^ The 
murine arzi-TAG-72 antibody B72.3 has been widely studied 
in tissue sections, nude mouse xenografts, as well as in pa- 
tients.”™ Eighty percent to 85% of tumors will react with the 
B72.3 antibody. The antibody is an IgG] subclass that recog- 
nizes the mucin glycoprotein TAG-72 pancarcinoma antigen. 
It represents another oncofetal protein system. 

Maguire and coworkers’ have used B72.3 labeled with 
indium 11. in external gamma camera imaging to detect 69% 
of cancer sites within the pelvis, 55% within the liver, and 70% 
within other sites. Occult disease that impacted on surgical 
decision making was detected in 12% of patients." Similar 
data have deen reported nyo others using indium 111 or iodine 


The localization of tumor using radiolabeled antibodies has 
prima rily ased gamma camera and single photon emission CT 
image tee1nology. Iodine 131, "In, and ""Te have been the 
most commonly used radionuclides. Sensitivity and specific- 
ity are limited because of high background readings related to 
blood pool clearance as well as high spontaneous uptake with- 
in the liver parenchyma. Radionuclide subtraction techniques 
have been used to improve images.’ Martin and coworkers” 
have usec the weak gamma-emitting "I as their radionuclide 
in the development of a mieroprocessor-controlled GDP for 
"radio-inmunoguided surgery." The low energy of the iso- 
tope arid she 60-day half-life make it a very attractive ‘abel for 
the RIGS approaeh. The system has the potential of identify- 
ng mill ram tumor sites. The elimination of background 

unts b computerized audio squelching techniques allows 
apid surveillance of all potential tumor sites within 
en, pelvis, and retroperitoneum. " 
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The RIGS system has been evaluated in a series of phase 1/2 
studies. In studies of gastrointestinal cancers, the antibedies 
17-1A and B72.3 have been used." ^" Ina preliminary trial of 
37 patients with colorectal cancer studied by the Martin et al 
group, patients received 1 mg of B72.3 radiolabeled with 14.8 
to 18.5x 10 Bq of “I.” There was successful localization in 
eight of nine patients with primary cancers and in 47 of 57 sites 
in patients with recurrent disease when the GDP was used. 
Most importantly, occult tumor was deteeted in climeally 
negative sites in 26% of patients. Based on this experience, 
the current multi-institutional phase 1/2 trial was begun. 
Another trial of the B72.3/RIGS system has been reported by 
Bertoglio et al." 

Our data in a large cohort of patients confirm that 1 mg of 
B72.3 combined with 7.4 x 10 Bq of "T is relatively nontoxic. 
Only one patient was shown to be spontaneously allergic to 


the mouse protein. Forty percent of patients did have cevel- |. 


opment of anti-mouse antibodies that may be potentially . 
problematic in the future in regard to further diagnostic or 
therapeutic options in these patients if murine antibodies are 
used. 


sensitivity as well as predictive value of a positive RIGS 
identification. Without a large number of random biopsy spet- 
imens, it is not possible to accurately define the clinical as well 
as the RIGS true-negative data. Hence, specificity data are 
not provided. Our data confirm that in a multi-institutional 
setting, a large number of occult tumor sites are identified and 
impact on patient treatment. Of the 78 patients surgically 
explored for recurrent colorectal cancer, in 10 patients radical 
resection was obviated because of the detection of occult 
malignant neoplasms with the RIGS, and in an additional 
eight patients the surgical procedure was extended based on 
the intraoperative RIGS data. 

It seems likely that the extent of RIGS benefit is underesti- 
mated in this study. First, there is a considerable learning 
curve for appropriate identification of occult tumor with the 
RIGS system. Second, we did not limit eligibility to patients 


demonstrated to be TAG-72 antigen positive. Last, as partof 4 


the study, the "traditional" operative exploration was ex- 
tremely detailed, likely far in excess of the routine approach 
in a standard laparotomy. 

The preliminary results in this multicenter trial suppcrt the 
safety and efficacy of “I-B72.3 in conjunction with the intrao- 
perative GDP in the detection of occult colorectal cancer. 
Further studies using a higher-affinity antibody such es CC- 
49” are planned. Selection of the appropriate amount of anti- 
body and radiolabel are important considerations.” Antibody 


fragments with shorter half-lives may reduce the delay be- : 


tween antibody injection and operation." Tumor heteregene- 
ity in regard to antigen expression remains problematic.” The 
use of chimeric or entirely human antibodies to obviate the 
development of HAMA should allow more widespread appli- 
cation of this system. A multi-institutional randomized trial of 
‘]-B72.3 with the RIGS system is planned to quantitate the 
extent of survival benefit compared with traditional radiolog- 
ic and surgical approaches. 

This investigation was supported in part by grant NCI T87-0239 from the 
National Cancer Institute, Bethesda, Md, Edward Martin Jr, Principal Inves- 
tigator, and funds from the Neoprebe Corporation, Columbus, Ohio. 
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ARCHIVES OF INTERNAL MEDICINE 
Muscle Involvement in the Scleroderma Syndromes 
Reber: A. Ringel, MD; James E. Brick, MD; John F. Brick, MD; Ludwig Gutmann, MD; 
Jack E. Riggs, MD 
Musele involvement was identified in 14 patients with scleroderma or a connective tissue disease overlap 
syndrome with predominant features of scleroderma. Patients presented with symmetrical proximal weakness 


sclero 
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indistinguishable from other inflammatory myopathies. Creatine kinase and electromyography were useful 
to demonstrate muscle involvement. Muscle histopathology demonstrated primarily the vaseulopathy of 
lerma or polymyositis ir similar numbers of patients. Scleroderma vasculopathy and polymyositis 
generally occur without speeificity to diffuse scleroderma, the-calcinosis, Raynaud's phenomenon, esophageal 
dysmotility, selerodactyly, telangiectasia syndrome, or an overlap syndrome with arthritis. Polymyositis also 
occurs when the i of scleroderma involves other organ systems (Arch Intern Med. 1990;150:2550- 


Reprint requests to the Department of Neurology, West Virginia Uriversity Medical Center, Morgantown, WV 26506 (Dr 
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e Onehundred four consecutive patients who underwent radi- 
cai resection for ampullary cancer between 1965 and 1969 were 
retrospectively reviewed. Frequent clinical findings included 
jaundice (E796), significant (71096) weight loss (42%), and ane- 
mia. (27%). Eighty-seven patients (84%) underwent a subtotal 
pancreatectomy, and 17 patients (16%) underwent a total pancre- 
atectomy. The postoperative mortality was 5.7% (six patients), 
and reoperetion for postoperative complications was required in 
six patients: The 5- and 10-year survival rates were 34% and 25%, 
respectively. Eight patients died of tumor recurrence more than 5 


s years aftersesection. Patient survival was significantly impaired 





(4 by microscopic lymphatic invasion, regional nodal metastasis, 


tumor grace, and the epithelium of origin. In a multivariate analy- 


gis, only microscopic lymphatic invasion significantly reduced 
|. patient survival. 
|. performed 


Radical resection for ampullary cancer can be 
with a low morbidity and mortality and should remain 









he procedure of choice for ampullary carcinoma. 
(Arch Surg. 1991;126:353-357) 


| "Tue periampullary area is anatomically complex, repre- 





















-. management, that 


senting the junction of three different epithelia: the pan- 
creatic and bile ducts and the duodenal mucosa. Tumors of the 
ampulla of Vater may, therefore, arise from any one of these 
epithelia.” Macroscopically, the epithelium of origin is often 
impossibleto determine, and these tumors are all classified as 
periampullary carcinomas. Regardless of the epithelium of 
origin, mest authorities would favor similar curative surgical 
| is, radieal resection. Traditionally, carci- 
noma of t*e ampulla has been considered an entity distinct 


m oF from tumers arising from the head of the pancreas, but some 


- 4 


heve grouped this condition with pancreatic ductal 
E 





Recenti”, much attention has foeused on the improved 

yutcome cf patients who are undergoing radical resection for 
pancreatie carcinoma with both reduced perioperative mor- 
bidity anc improved long-term survival." We wondered 
whether ratients with the clinical diagnosis of ampullary 
cancer have had a similar improvement in outcome. To deter- 
mine if such a trend has occurred and which factors affected 





patient survival, we retrospectively reviewed a series of 104 
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ical Resection for Carcinoma 


MD, FRCSI; Donald C. Mellrath, MD; 


conseeutive patients who had undergone radical resection for 


ampuilary cancer. 


PATIENTS AND METHODS 
Retrospective Analysis 


A retrospective analysis of all patients who had undergone radical 
resection for carcinoma of the ampulla of Vater at the Mayo Clinic, 
Rochester, Minn, between 1965 and 1989 was performed. We ex- 
cluded (1) patients who had undergone local tumor excision or biliary 
bypass and (2) patients for whom a full histologic review was not 
possible. Patient histories were reviewed for demographic data, 
details of preoperative symptoms and investigations, surgical treat- 
ment, postoperative complications, and follow-up. Complete follow- 
up was available by combining chart review, postal questionnaires, 
and direct telephone contact. A detailed histologie review was per- 
formed in all cases by a single pathologist (R.G.S.) and ineluded 
evaluation of lymphatic and blood vessel invasion, lymph node in- 
volvement, and an estimate of the epithelium of origin. m 


Statistical Analysis 


Survival rates were caleulated with the use of an actuarial method, 





and comparison between survival curves were made with theuse of 


either the log-rank test or the Mantel-Haenszel test. ^^ Univariate 


and multivariate analysis with the use of the Cox proportional haz- - E 


ards model" was performed. 


RESULTS 


Between 1965 and 1989, 104 patients were identified who 
underwent radical resection for a primary tumor arising from 


the ampulla of Vater. There were 59 men and 45 women who —.— 


varied in age from 35 to 85 years, with a mean age ofó4years. 


Before operation, the mean duration of symptoms reported 
by the patients was 7.8 weeks. 


At the time of presentation, c 
the majority of patients were icteric, although one third (84. — 


patients) were not jaundiced either clinically or biochemical- = 


ly. In contrast, only 28 patients (27%) were anemic (hemoglo- E 


bin level, «115 g/L in females and «125 g/L in males. The ^. 


nutritional status of patients was assessed with the use of the. | 
of recall body weight loss. This - 
system estimates the amount of weight less based cn the - 
weight at the time of examination and what the patientsrecall 
to be their normal body weight." Forty-four patients re- 
ported a greater than 10% loss of body weight in the recent —— 


previously validated system 


past. 





Eighty-seven patients (84%) underwent a radical subtotal : - 
pancreatectomy (Whipple's panereatoduodenectomy) The - 


remaining 17 patients (16%) underwent a tetalpanereatecto- .—. 
my. A total pancreatectomy was undertaken in all cases 
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Sas = se, 
- 


because of the inability to perform a satisfactory pancreatoje- 
junal anastomosis based on the surgeon's assessment of pan- 
creatic friability. Following pancreatoduodenectomy, the re- 
construction method of Waugh and Giberscn" was used (ie, an 
invaginating end-to-end pancreatojejunostomy, and end-to- 
side choledochojejunostomy and a gastrojejunostomy follow- 
ing a hemigastreetomy) in 54 patients. An end-to-side pan- 
creatojejunostomy was performed in 23 patients (26%). 
Recovery following surgery was without major complication 
in 95 patients (91%). 

The operative mortality, defined as any death occurring in 
the same hospital admission, was 5.7% (six patients) The 
causes of postoperative deaths are listed as follows: 


Patient Morbidity and Mortality No. of Patients 
Causes of postcperative deaths 
Intra-abdominal hemorrhage 3 
Myocardial infaretion 1 
Leaking panereatojejunal 
anastomosis 1 
Pulmonary emboius 1 
Reasons for recperation 
Intraperitoneal bleeding 5 
Subphrenic abscess 1 


Six patients underwent a reoperation for immediate eompli- 
cations. Five patients required a reoperation for intraperito- 
neal hemorrhage. and three of these patients died. One of 
these patients had a coincidentally discovered leaking pan- 
creatojejunostomy and died following a completion pancre- 
atectomy. The final patient required a reoperation for drain- 
age of a suphrenic abscess and made a satisfactory recovery. 


Histopathologic Features 


The histologic features of all patients were reviewed by a 
single pathologist (R.G.S.) who was blinded to the fate of the 
patients. All tumors were adenocarcinomas. By reviewing 
the operative and pathology reports, it was possible to deter- 
mine the macroscopie tumor size in 94 patients (90%). The 
median maximum diameter of the tumors in this group was 
2 cm (range, 0.5 to 6.8 em). With the use of Broder's grading 
system," eight patients’ tumors (8%) were classed as grade 1, 
59 eancers (56%) as grade 2, 32 (31%) as grade 3, and five 
carcinomas (5%) as grade 4. 

Fifty-three patients (51%) had microscopic evidence of lym- 
phatic invasion, and 50 patients (48%) had no evidence of 
lymphatic invasion on histologic review. One patient had 
insufficient tissue to eomment on lymphatic involvement. In 
contrast, 91 patients (88%) had no evidence of microscopic 
blood vessel invasion, nine patients (9%) had unequivocal 
histologic evidence of vascular invasion, and four patients 
(3%) had unassessable tumors. 

An attempt was made to determine the epithelium of origin 
inall cases. When the pathologist was unable to comment with 
confidence, the tumor histologic origin was classified as un- 
known. The majority of cancers (74 or 71%) were designated 
as adenocarcinoma arising from the mucosa of the ampulla of 
Vater. Seven tumors (7%) were thought to have arisen in the 
pancreatic ductal epithelium, six (6%) from the epithelium of 
the terminal portion of common bile duet, and two (2%) from 
the duodenal mucosa with secondary involvement of the am- 
pulla. In the remaining 15 cases (14%), it was not possible to 
assign an epithelium of origin. 

Histologic examination of regional lymph nodes were re- 
eorded in 99 patients (95%). In 55 of these patients, the 
number of lymph nodes examined was also recorded. The 
number of lymph nodes examined per patient ranged from one 
to 21 (median, seven). Of the 99 patients in whom results of 
lymph node examinations were recorded, 68 (69%) had no 
evidence of metastatic involvement. The remaining 31 pa- 
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Fig 1.— Overall survival of patients following radical resection for 
carcinoma of the ampulla of Vater. 
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Fig 2.—Survival of patients with low-grade (Broders grades 1 and 2) 
and high-grade (grades 3 and 4) ampullary carcinomas. 


tients (31%) had between one and five regional lymph nodes 
involved with metastatic tumor. 


Survival 


Follew-up ranged from 8 months to 21.5 years for the 98 
survivors, with a median follow-up of 7.4 years. The actuarial 
survival of all patients who underwent radical resection is 
shown in Fig 1. The median survival was 2.8 years, with 
actuarial survival rates at 1, 3, 5, and 10 years being 81%, 
48%, 34%, and 25%, respectively. Currently, 20 patients have 
remained alive more than 5 years following surgery, while 13 
patients have been alive more than 10 years following resec- 
tion. Of the 67 patients who have died, 47 died of a docu- 
mented recurrent tumor. Tumor status at the time of death 
was unknown for 17 patients, and three patients were free of 
tumor at the time of their death as determined at autopsy. 
Although the majority of deaths occurred within the first 5 
years following resection of tumor, eight patients have died of 
recurrent tumor more than 5 years postoperatively. 

To identify factors that affected survival, patient sex, the 
type of surgical resection, the presence or absence of jaun- 
dice, weight loss greater than 10%, lymphatic or vascular 
invasion, lymph node metastases, histologic grade, and the 
epithelium of origin were correlated with the duration of 
survival. Of these variables, no significant influence was ex- 
erted by patient gender, the presence of jaundice, or weight 
loss. Sixteen (94%) of 17 patients who were undergoing a total 
pancreatectomy had died in comparison with 55 (63%) of 87 
patients who were undergoing Whipple's resection. This dif- 


Ampulla of Vater—Monson et al 





No Lymphatic Invasion 


Probability 


Lymphatic Invasion 


Years 
Fig 3.—Survival of patients with and without microscopic lynphatic 
invasion following radical resection for carcinoma of the ampulla of 
Vater. 


ference in outcome approached but did not reach statistical 
significance (P = .08). 

Survival was influenced by tumor histologic grade (Fig 2). 
Patients with higher grade tumors (grade 3 or 4) fared signifi- 
cantly worse than those patients with a lower grade tumor 
(grade 1 or 2) (P=.02). Patients with “high-grade” eancers 
had a median survival of 1.9 years and a 5-year survival rate of 
25%, in contrast to patients with “low-grade” carcinomas who 
had a median survival of 3.3 years and 5-year surviva. rate of 
40%. 

The presence of microscopic lymphatic invasion exerted a 
strong influence on survival (Fig 3). Those patients without 
evidence of lymphatic invasion had a median survival of 8.9 
years; those patients with microscopic lymphatic invasion had 
a median survival of 1.7 years (P<.0005). The presence of 
microscopic blood vessel invasion was associated with a re- 
duced survival; however, this difference failed to reach statis- 
tical significance. Of the 91 patients in whom no vascular 
invasion was detected, the median survival was 3.3 years, 
compared with 1.5 years for the nine patients with docu- 
mented microscopic vascular invasion. At 5 years, no patients 
with vascular invasion were alive, whereas 38% of patients 
without blood vessel involvement were living (P = .06). 

It has been suggested that the survival of patients following 
pancreatoduodenectomy for ampullary carcinomas is influ- 
enced by the tumor epithelium of origin.'^^ We compared the 
survival of those patients whose tumors arose from the pan- 
creatic ductal epithelium to all other patients. Only seven 
patients had tumors arising from the pancreatic ductal epithe- 
lium, and none survived 5 years (median survival, 1.5 years). 
This outcome contrasted to a median survival of 3.2 years in 
the 97 patients whose tumors arose from nonpancreatic duct 
epithelia. These patients had a 5-year survival rate of 37%. 
The difference between these two groups was highly signifi- 
cant (P =.002). When the patients whose tumors arose from 
the epithelium other than the ampulla were combined into a 
^nonampullary" group and compared with those patients 
whose carcinomas arose from the ampulla, there was a 
marked difference in survival (Fig 4). The median survival of 
patients in the ampullary group (3.3 years) was more than 
twice that of the patients in the nonampullary group (1.5 
years) (P — .005). 

The final pathologic parameter used to compare patient 
survival was the status of the regional lymph nodes (Fig 5). 
The median survival of the 73 patients without regional nodal 
metastases in this study was 3.3 years, with a 5-year survival 
rate of 43%. In contrast, the median survival ofthe 31 patients 
with documented lymph node metastases was 1.4 years, with 
a 5-year survival rate of 16%. This difference was highly 
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Fig 4.— Survival of patients with tumors of ampullary and nonempul- 
lary epithelial origin following radical resection for carcinoma. 
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Fig 5.— Survival of patients with lymph node metastases and without 
regional nodal spread following radical resection for amoullary 
carcinoma. 


significant (P<.0001). We also compared the survival of pa- 
tients with uninvolved lymph nodes with those patients who 
had either a single lymph node involved or multiple lymph 
node metastases. The 14 patients with solitary lymph node 
involvement had a median survival of 1.4 years and a 14% 
5-year survival rate. The survival of the 17 patients with more 
than one metastatic lymph node was not different. Both node- 
positive patient cohorts had significantly worse survivals 
than the node-negative patients (P=.0001). The presence, 
rather than the extent of lymph node involvement, was the 
significant prognostic factor in this analysis. 

A multivariate Cox proportional hazards model was con- 
structed to identify which parameters represented indepen- 
dent variables in determining patient survival. This analysis 
yielded four factors that had a significant influence en out- 
come. The presence of lymphatic invasion, the presence of 
lymph node metastases, the degree of tumor differentiation, 
and pancreatic ductal origin were significant as follows: 


Risk Factor P 

Age Not significant 
Lymphatic invasion .0008 

Vascular invasion Not significant 
Lymph node metastasis .03 

Pancreatic duct origin .0003 
Nonampullary epithelial origin Not significant 
Tumor grade .04 

Duration of symptoms Not significant 


Because of the concern that the small group of patients with 
tumors of pancreatic ductal origin might have exerted a dis- 
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- proportionate influence on this model, the analysis was re- 
peated, excluding this parameter. In the revised analysis, the 
only variable with a significant independent influence on sur- 


vival was the presence of lymphatic invasion (P<.005), 





COMMENT 


The history of resection for panereatobilary tumors began 
in 1898 when William Halsted performed a local excision for a 
tumor of the ampaila of Vater." His patient died 7 months 
later of local tumor recurrence. This unfortunate outcome 
highlights the limitations of local procedures for these malig- 
nant neoplasms. Against this background, Allen O. Whipple 
pioneered the fielc of radical resection for pancreatobiliary 
carcinomas and led to the development of what is now widely 
termed Whipple's panereateduodenectomy. His initial expe- 
. riences reported in 1985 were associated with considerable 
morbidity and mortality.? Since then, much debate has sur- 
rounded the performance of pancreatoduodenectomy for per- 
iampullary tumors.*^^^* The rationale for avoiding this abla- 
tive procedure had been affected by the outcome of patients 
with cancer of the pancreas where the benefit was more 
doubtful. Moreover, for many years, radical pancreatoduo- 
denectomy was associated with nearly prohibitive mortality 
rates of 15% to 25%.*"" During the 1960s and 1970s, it was 
suggested that Whipple’s procedure be abandoned for the 
management of pancreatic cancer because cf the lack of long- 
term survivors. ”™ Although patients with ampullary carcino- 
mas have a better cutlook, several published series revealed 
no reduction in operative mortality rates when the procedure 
was performed for these neoplasms.5^"** Alternatively, 
some investigators have recommended local resection for 
carcinomas of the ampulla te reduce treatment-related mor- 
tality rates while still performing a curative procedure. ^"^ 
The inclusion of patients with ampullary eancer when ana- 
lyzing the surgical management of pancreatic cancer is inap- 
propriate because the two conditions do not have a similar 
prognosis. While most series of patients who underwent radi- 
cal resection for ductal cancer of the pancreas have reported 
5-year survival rates of less than 10%, 72429» patients with 
ampullary cancer have ecnsistently realized 5-year survival 
rates of between 25% and 40% following a radical resec- 
Don. ^^^ Interestingly, «he long-term survival of selected 
patients with carcinema of the ampulla does not seem to be 
influenced by the type of resection performed. The 5-year 
survival rates following local resection are not substantially 
different from those reported following radical resec- 
tion. "== The seleezion process in patients who undergo local 
resection, however, makes this comparison hazardous. Clear- 
ly, these patients have small, localized tumors, usually with- 
out nodal metastases. Many patients who are undergoing 
radical resection are not suitable for local resection. In the 
. present series, 33% of patients had tumors 3 em or greater in 
diameter, and 32% had regional lymph node metastases. 
Recent reports that have indicated a sharp decrease in the 
morbidity for Whipole's procedure have rekindled enthusi- 
asm for this operation for ductal cancer of the pancreas. ^^" 
` Trede compared this development to climbing Mount Everest 
which took years to zceomplish, but now mary people achieve 
this goal: “No one really knows the reason. It is as though a 
Spell has been broken." Because several reports have in- 
eluded both ampullary eancer and ductal cancer of the pancre- 
as as periampullary carcinomas, 557059 i ic less certain 
whether the current wave of optimism for radical resection 
for pancreatic lesions may be applied to patients with tumors 
arising from the ampulla of Vater. Our experience suggests 
that this is the case. Our overall in-hospital operative mortal- 
ity rate was 5.7%, a distinet improvement from our 12.6% 
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mor-ality between 1950 and 1972." The low morbidity and 
mor-ality from the pancreatojejunal anastomosis were ex- 
treme:y gratifying and may be attributed to the widespread 
use of end-to-end anastomosis. All hospital deaths followed 
pancreatoduodenectomy, which most likely reflects the 
greater number of Whipple's procedures performed. Al- 
though both pancreatojejunostomy anastomotic leaks oc- 
curred in patients with end-to-end reconstructions, this in- 
vaginating technique remains our preference, particularly 
witha normal-sized pancreatic duct. 

Lcng-term survival in this series remains disappointing, 
with.a median survival of only 34 months. This survival rate is 
similar to that found in our previous series," as are the 5- and 
10-year survival rates of 34% and 25%, respectively. Al- 
thouzh several institutions have recently reported 5-year 
surv:val rates of 50% or more for patients with ampullary 
cancer,""" small numbers of patients, short median follow- 
up, exclusion of postoperative deaths, and inclusion of early 
cancers treatable by local excision make the direct compari- 
son cf results dubious. For most large institutional experi- 
ences, the 5-year survival rate for ampullary adenocarcinoma 
remains around 3596." * Five-year survival offers no guar- 
antee of cure, as shown by both our experience and the results 
of Trede et al,” who noted 24% of their 5-year survivors 
subsequently died of their cancer. 

Our study has revealed several pathologic factors that have 
a significant impact on survival. The presence of regional 
lymp. node metastasis caused a significant reduction in long- 
term survival for patients with ampullary carcinoma 
(P«.9001) unlike our previous findings for patients with 
ductal carcinoma of the pancreas.?^ The number of regional 
lymph nodes pathologically examined in a pancreatoduoden- 
ectomy specimen is rarely reported. While our range of one to 
21 lymph nodes evaluated (median, seven nodes) seems low, 
these figures are in line with that found in a recent report 
(rang?, two to 29 nodes, with a mean of 7.5 lymph nodes).* 
Wider surgical extirpation of pancreatic cancers, including 
remora. of more distant nodal drainage basins, has its advo- 
cates,” but this approach assumes an orderly, centrifugal 
spread of tumors, and objective proof of the benefit from this 
more radical approach is nonexistent. Although presumably 
part cf the same pathologic process as lymph node metasta- 
ses, tie presence of microscopic lymphatic invasion had an 
even greater impact on outcome (P<.0005), With the use of 
multivariate analysis, this variable was the most statistically 
significant parameter that affected survival (P —.0003). The 
presence of microscopic vascular invasion, a step in the devel- 
opment of distant metastases, did not have a significant im- 
pact oa survival. Small numbers of patients with blood vessel 
invasion and the lack of autopsy data regarding the patterns 
of tumor recurrence preclude firm conclusions on the signifi- 
cance of this variable. Histologic grade had a impact on out- 
come. There was a statistically significant difference in out- 
come between patients with low- and high-grade tumors 
(P= .(2). 

The relationship of the epithelium of origin and patient 
survival is of note. Carcinomas originating in the ampulla of 
Vater by gross inspection may arise from any one of four 
epithelial types: (1) the terminal common bile duct, (2) duode- 
nal mucesa, (3) pancreatie duct, or (4) the ampulla of Vater. 
Several authors have shown that tumors of pancreatic ductal 
origin carry a markedly worse prognosis.*** and our data 
support this contention. Of those patients whose tumors 
arose from the pancreatic ductal epithelium, none were alive 
at 5 years. Other patients whose tumors could be identified as 


origineting from a nonampullary epithelium (terminal com- 


mon bileduet and duodenum) also had a poorer prognosis. 
Patients at higher risk for recurrent disease should be 
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or adjuvant treatment with postoperative fluoro- 
junction with external-beam radiation therapy, 
data supporting this therapy in periampullary 
limited.” A recent trial of adjuvant combination 
py for ampullary carcinoma showed poor patient 
the treatment and no survival benefit compared 
nistorical controls." Development of an effective adju- 

orapy for periampullary cancers remains a priority of 


considered 
eil 





proposed ty Dawson and Connolly.” They suggested that the 
_ pattern of sulfated mucin production by the pancreatic ductal 
_ | epitheliury is distinct from that of the other periampullary 
> epithelia, In their series o? patients, there was a strong 
correlation. among epithelial mucin production, pancreatic 
- ductal origin, and survival. Because the number of patients 
studied wes small, we have embarked on a similar analysis in 

an effort te confirm this finding. 

The present series has demonstrated that radical resection 
for carcincma of the ampulla of Vater can be performed safely. 
One third of patients will survive more than 5 years, with a 
quarter living beyond 10 years. Not surprisingly, tumor ex- 
tent, as measured by lymphatic and lymph node invasion, was 
the most important factor that influenced survival. The histo- 
logic type:and grade of the tumor also play important roles in 
the outcome of this disease. Radical resection remains a for- 

=< midable undertaking and should be undertaken only by quali- 
_ ©” fied surgeons. Further efforts should be devoted to accurate 

-identification of the epithelium of origin for all ampullary 
carcinomas. Mucin type, flow cytometry, and other biologic 
variables may further enhance the accuracy of predicting 
patient outcome and determine the best form of treatment. In 
the mean:ime, we recommend that radical resection remain 
the operetion of choice for patients with carcinoma of the 
ampulla of Vater. 
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Mary Susan Brady, MD; Andre Rogatko, PhD; L. Leon Dent, MD; Man H. Shiu, MD 


e We pe-formed a retrospective analysis of 392 patients who 
underwent curative resection of gastric adenocarcinoma to eval- 
_. uate the impact of splenectomy on survival from gastric cancer 
"*- and postoperative morbidity. Twelve factors, including splenec- 
Uc tomy, were associated with a poor prognosis by univariate analy- 
v. sis. Multivariate analysis identified six of these factors, but not 
splenectomy, as independently predictive of death due to gastric 
| 5 cancer The apparent adverse effect of splenectomy was due to 
-~ its associetion with other significant risk factors. Postoperative 
complications occurred more commonly in patients who under- 
‘went splenectomy than in those who did not (45% vs 21%); 
. patients in the splenectomy group also had a higher percentage 
of infectious complications than those in the nonsplenectomy 
group (75% vs 47%). We conclude that splenectomy has no direct 
influence on survival, but that it increases the morbidity of cura- 
tive gastrectomy and should be avoided unless the spleen is 
close to or invaded by the tumor. 
(Arch Surg. 1991;126:359-364) 
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from the Mayo Clinie, Rochester, Minn, suggests thaf sple- 
nectomy at the time of colectomy may adversely affect long- 
term survival of patients with carcinoma of the colon." VR 
The spleen makes up 25% of the total lymphoid massandis 
an important component of the reticuloendothelial system. - 
In addition to removing particulate antigen and bacteria from 
the bloodstream, the spleen plays a central role in hostde- — . 
fense against infection by the production of antibodies and 
opsonins and the recruitment of complement." The spleen _ 
also serves as a site of T and B lymphocyte interaction, . 
important for the secondary immune response to previously 
presented antigen.” The well-established risk of overwhelm- 
ing infection in asplenic children, and the much smaller but 
significant risk in adults, is testimony to these important 
functions. ^^ a 
Clearly, the long-term risk of fatal postsplenectomy sepsis 
is of secondary concern in a patient with adenocarcinoma of 
the stomach. Of more importance in this population isthe role, 
if any, that the spleen plays in tumor cell surveillance. Lab- 
oratory evidence suggests that the spleen may facilitate host. 
tolerance to tumor antigens and that splenectomy may be 
beneficial to the tumor-bearing host. ^ : 
The morbidity of splenectomy is high. Reported rates in 
large series range from 15% to 61% depending on the indic 
tions.’ The highest rates are associated with incidental s 
nectomy and trauma.” Other reports suggest that pati 
undergoing splenectomy in conjunction with surgery foi 
abdominal malignancy may also have a particularly high ra 
of postoperative complications." oe 
To evaluate the impact of splenectomy on long-term sur 
al from gastric eancer and to compare the postoperative I 
bidity of patients undergoing splenectomy with that of 
tients not undergoing splenectomy at the time of ga: 
resection, we performed a retrospective analysis of 392 p 
tients undergoing curative gastrectomy for adenocareinom: 


PATIENTS AND METHODS 


From 1960 to 1984, 2079 patients were admitted to Memorial Sloan 
Kettering Cancer Center for treatment of gastric carcinoma. Dfthese 
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patients, 1424 (68%) underwent an abdominal surgical procedure. In 
395 patients, the disease was amenable to reseetion for cure. Three 
patients were eliminated from the analysis because of a prior s plenec- 


^ 


tomy. Of the remaining 392 patients, 163 (42%) underwent a s plenec- 
tomy at the time of gastrectomy and 229 (58%) underwent gastric 
resection without splenectomy. For the purposes of this study, cura- 
tive gastrectomy means that the surgeon found no evidence of hepatie 
or peritoneal metastasis and resected all grossly visible and palpable 
tumor. 





Surgical Technique 





The surgical procedures were performed by several attending 
surgeons (faculty members) or by surgical oncology fellows under 
their supervision. Depending on the location and size of the tumor and 
the preference of the attending surgeon, the procedures performed 
included distal gastrectomy (n = 150), proximal gastrectomy (n= 27), 
total gastrectomy (n= 187), and esophagogastrectomy (n = 106). Two 
patients underwent proceduresthat could not be categorized. En bloc 
resection of the spieen with or without the distal pancreas was 
performed for many of the tumors located in the proximal or middle 
portion of the stomach, either electively, to facilitate a wide iymph- 
adenectomy, or beczuse of tumor proximity. Twelve (7%) of 168 
patients underwent « splenectomy because of trauma to the spleen 
during the surgieal procedure. 

Regional lymphadenectomy of varying seope was performed in 
these patients. For te purposes of this study, the lymphadenectomy 
was Classified according to whether the dissectien included only the 
immediately adjacent nodes (R1), the nodes along the celiac and the 
left gastric and hepatic arteries (R2), or additional distant nodes (R3 ). 
Lymphadenectomy was considered adequate if the scope of the dis- 
section (R) widely encompassed the pathologic extent of nodal in- 
volvement (N), ie, if R-N 21.3. 





Clinicopathologic Study 





Information colleeted from the medical records included the age 
&nd sex of the patient as well as the size, location, grade, and nodal 
status (number of positive nodes and their location) of the primary 
tumor. The type of gastrectomy performed as wel! as the extent of the 
node dissection, the presence or absence of adjacent organ involve- 
ment, and the adequaey cf the resection margins were determined by 
a review of the operative note and pathology report. Patients were 
placed in the spieneetomy group when the procedure was recorded in 
the operative note and/or in the pathology report. All staging was 
assigned using the 1888 american Joint Committee on Cancer TNM 
staging guidelines.” 
| The presence or absence of postoperative complications and the 
< length of hospital stay were determined by a review of the discharge 
summary. Only complications that delayed hospital discharge or 
required admission te the intensive care unit, antibiotic therapy, 
readmission within 30days of operation, or reoperation were consid- 
ered, A complication was not considered infectious unless the patient 
required antibictic treatment and/or drainage of an abscess. Mortal- 
ity was considered operative if the patient did not leave the hespital 
between the operatic and the time of death. 


Statistical Methods 


The first objective of the statistical analysis was to assess the 
influence of each clinieal, pathologic, and treatment variable on re- 
pse-free survival after gastrectomy. Time was measured from the 
date of gastrectomy te the date of death or last follow-up. Survival 
was estimated for eaeh variable by the Kaplan-Meier product-limit 
method,” and univariate analyses comparing subgroups of patients 
were performed using the log rank test.” Information obtained from 
the univariate analysis was applied to a survival analysis with covar- 
i using the Cox model of proportional hazards.” Proportional- 
zards regression wes used te incorporate all of the explanatory 
es in the same model, 

. Forward stepwise procedure and likelihood ratio tests were used to 
select the variables with the greatest prognostic value. Interactions 
among variables were also considered. The adequacy of the propor- 
tional hazard model to the data was checked ky fitting separate 
- proportional-hazard models tc partitions of the daza determined by a 
given categorical varia5ie. The coefficients estimated for each parti- 
- tion should not have differed substantially unless there was an inter- 
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action effect. Cumulative-hazard plots were also generated to visual- 
ly check the assumption of the proportionality of the hazard rates. 
Pairwise associations between categorical variables were evaluated 
by a contingency table analysis using x^ analysis. 

The second objeetive of the statistieal analysis was to assess the 
depencence of complications (total, infectious, and noninfectious) on 
explanatory variables. A univariate analysis was performed with the 
use of iadependent contingency tables that were generated by consid- 
ering the distributions of all variables among patients with and 
without complications (ie, total, infectious, and noninfectious compli- 
eations To test the hypothesis of equality of proportions between 
the two groups, x^ analysis or a 2x2 contingency table (Fisher's 
Exaet Test) was used. Forward stepwise logistic regression and 
likelihood ratio tests were used to select the variables with the 
greatest prognostie value as a whole in a multivariate model. 

The statistieal analysis was performed using the BMDP statistical 
package.” The critical significance level of .05 was chosen. 


RESULTS 


The 5- and 10-year relapse-free survival rate in this series 
of patients treated with curative intent was 41% and 34%, 
respectively. Of the 392 patients, 214 (55%) died of their 
disease; seven (1.8%) died more than 5 years after their 
operation. No patient died of gastric cancer more than 
6.5 years after their operation. The median follow-up interval 
for the entire group was 27.5 months; for the patients who did 
not die of gastric cancer, the median follow-up was 72 months 
(6 years). 

One hundred sixty-three patients underwent splenectomy 
at the time of gastrectomy and 229 did not. For 9396 of the 
patients, the reason for splenectomy was to obtain a wider 
margin of resection or to facilitate lymphadenectomy; in 7%, it 
was performed because of iatrogenic splenic injury. The re- 
lapse-free survival distribution of the patients who under- 
went splenectomy differed significantly from that of the pa- 
tients who did not undergo splenectomy (P<.001) (Fig 1), 
Five- and 10-year relapse-free survival rates were lower in 
the patients who underwent splenectomy (88% and 31%, 
respectively) than in those who did not (50% and 41%, 
respectively). 

Complications occurred in 128 (83%) of the 392 patients. 
The percentage of patients with postoperative complications 
was higher in the splenectomy group than in the nonsplenec- 
tomy group (45% vs 21%; P<.0001) (Fig 2). The percentage of 
complications that were infectious was also higher in patients 
undergoing splenectomy (75% vs 47%; P<.001). The compli- 
cations that occurred in each group are listed in Table 1. The 
most common complications in the splenectomy group were 
pneumcnia, intra-abdominal abscess, and wound infection. 
The most common complications in the nonsplenectomy group 
were preumonia, fistula, and cardiac problems. The median 
length of hospital stay was significantly longer for those 
patients whose postoperative course was complicated (mean 
stay, 28«lays) than for those who had no complications (mean 
stay, 1S days). 

The number of patients with anastomotic leaks was not 
significantly different between the splenectomy group and 
the nonsplenectomy group (six vs eight), but the incidence of 
infectious sequelae as a result of the leak was higher in the 
splenectomy group (five of six vs two of eight). 

There were 16 postoperative deaths in the group overall 
(4%), with eight in the splenectomy group and eight in the 
nonsplenectomy group (P=.15). All eight patients in the 
splenectomy group had an infectious complication that signifi- 
cantly contributed to or directly caused death. Of the eight 
patients in the nonsplenectomy group, only three had infec- 
tion as a cause of or factor contributing to their deaths 
(P«.02) 
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Fig 1.—Survival distribution of patients in the splenectomy vs non- 
splenectomy groups. The relapse-free survival of the 163 patients who 
underwent a splenectomy was significantly lower than that of the 229 
patients who did not, by univariate analysis (P<.001). 
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Fig 2.—Cornplications occurred in 33% of the patients. The incidence 
of complicetions in the splenectomy group was higher than in the 
nonsplenectomy group (45% vs 21%; P<.0001), as was the percent- 
age of infectious complications (75% vs 47%; P<.001). Noninfectious 
complications were also more frequent in the splenectomy group than 
in the nonsplenectomy group (P<.05). 
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Univariate Analysis of Prognostic Factors for Survival 


Clinical and Pathologic Factors. — Clinical and patholog- 
ie variables were analyzed by Kaplan-Meier survival curves. 
Patient characteristics of age and sex, as well as pathologic 
features of nodal status, site, stage, grade, invasion of adja- 
cent structures by tumor, and tumor size had a significant 
impact or. survival (Table 2). We found a more favorable 
prognosis when each of the following variable subgroups was 
evaluated in the log rank test against its complementary 
counterpart: female sex, age greater than or equal to 
65 years, negative nodes, location in the distal aspect of the 
stomach, low or intermediate tumor grade (grades 1 or 2), 
stage 0 or IA (TisN0 or TINO), absence of invasion of adjacent 
structures by tumor, and tumor size less than or equal to 5 em. 

Surgical Treatment Factors.— The surgical treatment 
factors that significantly affected survival were splenectomy, 
reseetion margins, type of gastrectomy performed, and ade- 
quacy of mode dissection for tumor stage. We found a more 
favorable prognosis when each of the following variable sub- 
groups wzs evaluated in the log rank test against its comple- 
mentary zounterpart: no splenectomy, negative resection 
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Table 1.— Postoperative Complications 


No. (%) of Patients 
With Complications 


AIIM 


No Splenectomy 
13 (25) 


Splenectomy 
23 (32) 


Complication 
Pneumonia 


Subphrenic/intra-abdominal 
abscess 


Wound infection 


Fistula 
Anastomotic 


14 (19) 3 (6) 
11 (15) 5 (10) 


Cardiac 2 (3) 8 (16) 
Bleeding 2 (3) 3 (6) 


Thromboembolism 4 (5) 0 
Fever of unknown origin 3 (4) 0 


Table 2.—Univariate Analysis of Prognostic Variables 
for Survival 


Patients, % 


e—M—————77 
5-y 10-y 
Relapse-Free Relapse-Free 


Prognostic Variable Survival Survival 
Splenectomy 


No splenectomy 


Positive nodes 
Negative nodes 
Site not distal 
Distal site 

Stage >IA 

Stage — 0 or IA 
Tumor grade 3 
Tumor grade 1 or 2 


T4 primary lesion 


Non-T4 primary lesion 


Positive resection 
margin 


Negative resection 
margin 


Inadequate node 
dissection 


Acequate node 
dissection 


Tumor >5 cm 
Tumor =5 cm 
Male 

Female 





margins, distal gastrectomy, and adequate node dissectio 
for tumor stage (Table 2). 


Multivariate Analysis of Prognostic Factors for Survival 


Two end points were evaluated using multivariate analysis: 
death from gastric cancer and incidence of complications (ie, 
total, infectious, and noninfectious) Information was com- 
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ysis of "iM. Variables 








s A: Regression. 
- Component | Coefficient (SEM) 










Positive 0.888 (0.168) «00001 
|. Type of | 
| gastrectomy Not distal 0.589 (0.149) «:.00001 
. 'T4primarylesion — Yes — 0.940 (0210) .0001 
| Tumor grade 3 0.429 (0139) 0018 
. . margins Positive 0.625 (0203) .0044 
Stageofdisease  >IA 13.144 (0:598) 






i *Splenectomy was not a significant prognostic variable. 







Table 4. — Association of Splenectomy With Unfavorable 
Prognostic Variables for Survival 
















2 
Variable &iniydie df P 
Gastrectomy not distal 104.022 1 «:,00001 
- |. 74 primary lesion 13.164 1 0003 
-f Stage >IA 8.901 1 0029 


Table 5. —Final Logistic Model for Predicting Total 
Complications 









Splenectomy Sex Relative Risk 
1.00 
2.60 
2.51 


5.25 




















-plete for all 392 patients with data for all variables in the 
. multivariate sample. 
_ Of the eight clinical and pathologic variables identified by 
_ univariate analysis, only four were found to be independently 
predictive of death due to gastric cancer and were selected 
-into the fina! proportional-hazards regression: positive nodal 
. Status, invasion of adjacent structures by tumor (T4), high 
tumor grade (grade 3), and stage greater than IA. Of the four 
surgical treatment factors found to be prognostically signifi- 
an t by univariate analysis, only two were found to be inde- 
pendently predictive of death due to gastric cancer and were 
selected into the final proportional-hazarcs regression: type 
strectomy other than distal and email resection mar- 
Table 3). Nc ona of the 0 tr 











-hazare regression, : ee ng oi ie that all of the 
ss sion i gooffiéjenta were salis was dietis x = 10b 02, 







8 sini "d a SpA aen taie fiin and x ue 
sis is (Table 4). The re reason that. splenectomy was not among the 
dependent pred i^tors of outcome is probably because it was 
ssociated with other risk factors, including gastric resection 
hat was not distal, T4 er naos Seih Pe p 
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Table 6.—Final Logistic Model for Predicting Infectious 
Complications | 















Table 7.— Final Logistic Model for Predicting Noninfectious 
Complications 


Splenectomy 


Relative Risk 
1.00 
1.61 
1.85 


Escphagogastrectomy 


gastric resection other than distal subtotal gastrectomy was 
such & powerful predictor of death due to gastrie cancer, we 
eliminated the patients who had a distal gastrectomy from the 
analysis and performed a separate multivariate analysis to 
evaluate the impact of splenectomy on the survival of patients 
undergoing esophagogastrectomy, total gastrectomy, and 
proximal subtotal gastrectomy. Again, splenectomy re- 
mained insignificant when stratified for the remaining 
variables, 


Analysis of Complications 


The second objective of the statistical analysis was to assess 
the dependence of total, infectious, and noninfectious compli- 
catiens on explanatory variables. A univariate analysis was 
performed with the use of independent contingency tables 
that were generated by considering the distributions of all 
variables among patients with and without any complications 
(and with and without infectious and noninfectious complica- 
tions). By univariate analysis, the following variables were 
significantly associated with total complications as well as 
infectious complications alone: splenectomy (P<.00001), gas- 
trectomy (type other than distal) (P<.0001), tumor site other 
than distal (P<.00001), and male sex (P = .0002). A multivari- 
ate analysis was performed, and the final logistic model in- 
cluded only splenectomy and sex, which were predictive of 
both total and infectious complications (Tables 5 and 6). The 
hypethesis that the model fit the data adequately was ac- 
cepted (P = .495). 

Four variables were significantly associated with noninfec- 
tious complications by univariate analysis: esophagogastrect- 
omy (P=.0071), proximal tumor site (cardia and lower 
esophagus) (P=.0141), splenectomy (P= .0347), and male 
sex (P —.0478). A multivariate analysis was performed, and 
the final logistie mode! included only esophagogastrectomy 


and splenectomy (Table 7). The hypothesis that the model fit 
| the data adequately was accepted (P= .879). 


Beth splenectomy and male sex were independently mede 
tive oftotal as well as infectious complications. Esophagogas- 
trectomy and splenectomy were independently predictive of 
noninfectious complications.. 


COMMENT 
The adverse effect of splenectomy on survival in univariate 


analysis was due to its association with proximal gastric 


resection, advanced tumor stage (node positivity or T4 le- 
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id positive resection margins, which were indepen- 
predictive of death due to gastric cancer. 
apanese series have addressed the issue of the im- 
nectomy on the survival of patients undergoing 
itrectomy.^^^** Of the four Japanese reports 
is] | the English literature, one provides data that 
dicat egative impact of splenectomy,’ one indicates a 
vival benefit in patients with stage III and IV disease,” 
nd two report that splenectomy had no significant impact on 
survival of patients with gastric cancer.*” All of these series 
were retrospective studies of patients undergoing total or 
roximal gastrectomy; univariate analyses were performed 
mine prognostie determinants of survival after cancer 
stage, lymph node status, or serosal invasion were controlled. 
Five reports in the Japanese literature were recently re- 
ss viewed in English.” In a prospective, randomized study of 
e . patients undergoing total gastrectomy, splenectomy had a 
_. beneficial impact on the survival of patients with stage ITI and 
-IV disease. Patients with positive splenic hilar nodes and 
|? — greater-curvature tumors and those undergoing pancreati- 
|... eosplenectomy were excluded." Two retrospective analyses 

. provided data that indicate a negative impact of splenectomy 

on survival, and in a large, retrospective study from the 
National Cancer Center of Japan, no significant difference in 
survival was found between patients who underwent splenec- 
tomy and those who did not.” In another series, the impact of 
splenectomy depended on stage; a survival benefit was attrib- 
uted to splenectomy in patients with stage IV disease, while 
those with stage III disease had a better outcome when the 
spleen was preserved.” 

Our study differs from these Japanese studies in that we 

. ineluded all patients undergoing curative gastrectomy, in- 
~~ eluding those with distal tumors. In addition, a multivariate 
analysis was performed to control for all variables found to 
affect survival in univariate analysis. Using this approach, 
the impact of splenectomy on survival of patients with gastric 

-eancer was insignificant due to the overwhelming effect of 
nodal status and tumor location. It remained insignificant, 
however, even when patients were stratified according to 
nodal status, tumor location, and stage. Multivariate analysis 
indicated that there was no subgroup of patients in whom 
splenectomy had any significant impact on survival of pa- 
tients with gastric cancer. 

A negative impact of splenectomy on survival of patients 
with colon cancer was recently reported by Davis and col- 
leagues" at the Mayo Clinic. They found a significant decrease 
in survival in 48 patients with stage B and C disease who 

underwent splenectomy at the time of colectomy compared 
-with 26 stage-matched controls (P<.03). When analyzed by 
"stage, the negative impact of splenectomy was limited to the 
patients with stage C disease (ie, those with positive nodes) 
(P«.01) Again, we evaluated the effect of splenectomy on 
urvival in the subgroup of patients with positive nodes who 
underwent gastrectomy, and found that it remained insignifi- 
eant when stratified for other prognostie variables. 

Incidental splenectomy, during surgery for benign or ma- 
lignant disease, is associated with a significant increase in 
operative mortality and postoperative complications." In a 
large series of patients who underwent incidental splenecto- 
my at the New York (NY) Hospital, 72 (8996) of 185 had 
postoperative complieations. The two most common compli- 
cations were wound infection and subphrenie abscess. Opera- 
tive mortality was 15%, and the most frequent cause of death 
was infection." Only 796 ofthe splenectomies performed in our 
series were due to iatrogenie trauma. The vast majority were 
erformed electively under controlled circumstances, yet 
ostoperative complications occurred in 45% of patients. 

he increased proportion of infectious complications in pa- 
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tients in the splenectomy group in our study may be due to a 
particular susceptibility of patients with cancer, whe are 
already relatively immunosuppressed, to further dysimmu- - 
nity when rendered asplenic. In an analysis of long-term 
infectious sequelae of splenectomy in adults, Schwartz and. 
coworkers” found that patients who underwent splenectomy 
in conjunction with surgery for an abdominal malignancy had 
the highest rate of infectious morbidity (28%). This was in. 
comparison with patients who underwent splenectomy for - 
trauma, splenic disease, or hematologic disease or incidental- 
to abdominal surgery for benign disease. i 

Our finding that splenectomy and male sex increased the 
likelihood of postoperative complications in patients with gas-- 
trie cancer corroborates a recent report from Sweden in which 
splenectomy, increasing age, male sex, gastric resection oth- - 
er than distal, and absence of prophylactic antibiotic treat-. 
ment were significantly related to increased postoperative 
complications. The odds ratio for complications in the patients |. 
in the splenectomy group was 1.73 compared with the pa-«- 
tients in the nonsplenectomy group." In our study, the rela- — 
tive risk of having any major postoperative complications for 
a male patient undergoing splenectomy at the time of resec- 
tion was 5.25 compared with a female patient who did not 
undergo splenectomy (Table 5), and 6.6 for those men having 
infectious complications (Table 6). | 

In light of the increased morbidity of splenectomy stthe ^ 
time of gastrectomy, does the removal of splenic hilar nodes 
justify the procedure? Our data do not support removal of the 
spleen in the interest of hilar node dissection. Only two ofthe 
163 patients who underwent splenectomy in our study had 
positive splenie hilar nodes; both of these patients had ad- 
vanced, high-grade tumors involving the entire stomach. An- 
other patient had direct invasion of the spleen by tumor, and 
two patients with advanced lesions had metastases to perihi- 
lar connective tissue. All five of these patients had advanced- 
stage gastric cancer and died of their disease. 

There is no clinical evidence to support splenectomy asa = — 
general policy in patients with gastrie cancer. Indeed, the —— 
inereased morbidity and mortality of patients who undergo 
incidental splenectomy may be further accentuated m the 
patient with cancer. In the absence of a tumor invading the . 
spleen or in close proximity to it, every attempt should be 
made to preserve the spleen during gastrectomy to minimize . 
the morbidity of the procedure. 






Dr Brady received the Resident Essay Award following presentation of this 
report at the 1990 Annual Meeting of the Society of Surgical Oncology. 
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Invited Commentery 


. The 5-year mortality rate due to overwhelming infection in adults 
after splenectomy for trauma is less than 0.2%, a trivial risk com- 
pared with the 58% mortality rate of gastric cancer reported in this 
article. However, it is worth asking whether the risk of splenectomy 
is significantly potentiated by some immunologic or other effect of 
gastric cancer and its en blecresection with the spleen. The answer in 
this report is cleariy no. The reasons are less elear, but may not be at 
all subtle. 1 am told by professional life insurance actuaries that 
splenectomy does indeed increase long-term mortality rates; not 
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because of any measurable effect on infection rates or postoperative. 
comorbulity, but because any history of laparotomy for any cause. 
increases mortality rates. After sophisticated univariate analysis, 

Brady et al join the actuaries in reaching the same conclusion about 

their patients with gastric eancer. 
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The Diagnosis and Management of Aortic Dissection 


Aortic dissection is a severe ieue Most untreated patierts with types I sid II (proximal) dissection 
and over half of those with type III (distal) dissection die within 1 year. Most of the deaths oceur within 2 
weeks and are eaused by rupture, aortic insufficiency, and branch. vessel obstruction. Aortic dissection is 
suspected in patients. with anterior chest and back pain that progresses downward. Diagnosis i is confirmed 
rraphy, aortegraphy, or echoeardiography. Appropriate medical treatment and corrective | 
ery, otal aortic replacement, performed in the acute and chronic stages, are now successful in 

"f "T of the cases; long-term results of treatment are steadily improving and are expecti ei 
at 10 vears. The keys to a successful outcome are being aware of the symptoms of dissection, early diagnosis, 
and prompt application of appropriate. ‘treatment; diligent follow-up includes controlling blood pressure, 
decreasing the velocity of left: ventricular contraction, monitoring the size of the residual aorta, and taking 
approoriate action if redissecticn, aneurysmal formation, or rupture occurs (JAMA. 1990;264:2587-2541). 
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serum alkaline phosphatase, serum LDH, serum bilirubin. Rarely, 
transient hepatitis and cholestatic jaundice-as with some other 
penicillins and some cephalosporins. Elevation of serum creatinine 
and/or BUN, hypernatremia. Reduction in serum potassium and uric 
acid. Local reactions: pain, burning, swelling and induration at the 
injection site and thrombophlebitis with intravenous administration. 
Overdosage: As with other penicillins, TIMENTIN in overdosage has 
the potential te cause neuromuscular hyperirritability or convulsive 
seizures. Ticarcillin may be removed from circulation by hemodialysis. 
The molecular weight, degree of protein bindirg and pharmacokinetic 
profile of clavulanic acid together with infomation from a single 
patient with renal insufficiency all suggest that this compound may 
also be remove? by hemodialysis. 

CONTRAINDICATIONS: TIMENTIN is contraindicated in patients 
with a history ef bag rcr: reactions to any of the penicillins. 

WARNING SERIOUS AND OCCASIONALLY FATAL 
HYPERSENSITIVITY (ANAPHYLACTOID) REACTIONS HAVE BEEN 
REPORTED IN PATIENTS ON PENICILLIN THERAPY. THESE 
REACTIONS ARE MORE LIKELY TO OCCUR IN INDIVIDUALS WITH A 
HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR A HISTORY 
OF SENSITIVITY TO MULTIPLE ALLERGENS. THERE HAVE BEEN 
REPORTS OF INDIVIDUALS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE REACTIONS 
WHEN TREATED WITH CEPHALOSPORINS. BEFORE INITIATING 
THERAPY WITH TIMENTIN, CAREFUL INQUIRY SHOULD BE MADE 
CONCERNING PREVIOUS HYPERSENSITIVITY REACTIONS TO 
PENICILLINS. CEPHALOSPORINS, OR OTHER DRUGS. IF AN 
ALLERGIC REACTION OCCURS, TIMENTIN SHOULD BE 
DISCONTINUED AND THE APPROPRIATE THERAPY INSTITUTED. 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE 
EMERGENCY TREATMENT WITH EPINEPHRINE. OXYGEN, 
INTRAVENOUS STEROIDS, AND AIRWAY MANAGEMENT, INCLUDING 
INTUBATION, SHOULD ALSO BE PROVIDED AS INDICATED. 

PRECAUTIONS: While TIMENTIN possesses the characteristic low 
toxicity of the penicillin group of antibiotics, organ system functions 
should be assessed periodically during therapy. 

Bleeding manifestations have occurred in some patients receivin 
f-lactam antibiotics. These reactions have been associated wit 
abnormalities of coagulation tests such as clotting time, platelet 
aggregation and prothrombin time and are more likely to occur in 
ens with renal impairment. If ch manifestations appear, 
v rien treatment should be discontinued end appropriate therapy 
instituted. 

TIMENTIN has only rarely been reported -o cause hypokalemia. 
Periodic leer of serum potassium may 3e advisable in patients 
receiving prolomged therapy. 

Pregnancy (Category B): Reproduction studies have been 
performed in rats given doses up to 1050 mg/kg/day and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
TIMENTIN. There are, however, no adequa'e and well-controlled 
studies in pregnant women. Because animal reproduction studies are 
not always predictive of human response, this drug should be used 
n penay only if clearly needed. 

DOSAGE AND ADMINISTRATION: T MENTIN should be 
administered by intravenous infusion (30 min.). Usual recommended 
dose for systemic and urinary tract infections for average (60 kg) 
adults is 3.1 Gm TIMENTIN (3.1 Gm vial containing 3 Gm ticarcillin 
and 100 mg clavulanic acid) Piece every 4 to 6 hours. For gynecologic 
infections TIMENTIN should be administerec as follows: Moderate 
infections 200 mg/kg/day in divided doses 2very 6 hours and for 
severe infections 300 mg/kg/day, based on ticarcillin content, in 
dividec doses every 4 hours. For patients weighing less than 60 kg, 
the recommended dosage is 200-300 mg/kg/day, based on ticarcillin 
content, given in divided doses avery 4 to 6 hours. In urinary tract 
infections, a desage of 3.2 Gm TIMENTIN (3.2 Gm vial containing 3 
Gm ticarcillin and 200 mg clavulanic acid) given every 8 hours is 
adequate. Please see official package insert for details on dosages for 
= patients, including those with renal insufficiency, and directions 
Or USE. 

SUPPLIED: 3.1 Gm and 3.2 Gm Standard Vials; 3.1 Gm and 3.2 
Gm Piggyback Bottles; 31 Gm Bulk Pharmacy Package; 3.1 Gm ADD- 
Vantage™ Antibiotic Vial. 

“Efficacy for this organism in this organ system was studied in fewer 
than 10 infections. — 7548/H-BS ©1990. Beecham Laboratories 


Reference: 
1. Data on file, Medical Department, SmithKline Beecham Pharmaceuticals. 
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. The Use of a Biodegradable Mesh to Prevent 
. Radiation-Associated Small-Bowel Injury 


| | Kumar S. Dasmahapatra, MD, Anangur P. Swaminathan, MD 


oos * Radiation-associated smal! bowel injury occurs in up to 50% 
_ Of patients receiving postoperative radiotherapy following peivic 
-~ „Cancer surgery. We describe our experience using a biodegrad- 
| 8eblemesh that allows the small bowel to be supported above the 
|» pelvic inlet and is totally absorbed following radiation therapy. 
: Between 1985 and 1989, 45 procedures were performed in pa- 
tients with carcincme of the rectum (anterior resection in 15 
patients, abdominoperineal resection in 23 patients, pelvic exen- 
terationin six patients. and proctocolectomy in one patient). In 30 
patients a polyglycolic acid (Dexon) mesh was used, and in 15 
patients a polyglactir 910 (Vicryl) mesh was used. Forty-four 
patients received postoperative radiotherapy. The mean ( X SEM) 
dose was 56.8 + 18.3 Gy. There were no immediate complications 
-= related to the mesh. Foliow-up ranged from 12 to 53 months 
- (median follow-up, 34 months). With the exception of two pa- 
tients who had a poiyglactin 910 mesh and who developed bowel 
obstruction due to adhesions under the anterior abdominal wall, 
there has been no documented incidence cf clinical radiation- 
associated small bowel injury. The use of the absorbable mesh 
may permit us to use higher doses of postoperative radiotherapy 
without the associated hazard of radiation-associated smail 

bowei injury. 

(Arch Surg. 1991;126:366-369) 


5 P ostoperative radiation therapy remains an important ad- 
X. juvant modalizy in the treatment of patients with reetal 
. cancer. Perhaps the most serious and dose-limiting side effect 
of postoperative radiation therapy is damage to the small 
intestine. At a dose of 50.0 Gy, the incidence of radiation- 
associated small-bowel injury (RASBI) is between 5% and 
5%. This complieation rate may be as high as 57% when the 
lose is increased to 70.0 Gy.'* The most significant predispos- 
ng factor appears to be fixation of small-bowel loops by 
adhesions in the radiation field. A variety of techniques using 

mentum," urinary bladder synthetic nonabsorbable 
meshes,"" prosthetic devices,” or molds’ have been described 
in an attempt to orotect the small bowe! from the field of 

“Accepted for publication November 17, 1990. ia 
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Read before the 43rd Annual Cancer Symposium of the Society of Surgical 
. Oncology, Washington, DC, May 20, 1990. 
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radiation. None of these has been proven to be consistently 
reliable or free of complications. 

In an effort to deerease the incidence of RASBI, we de- 
scribe our experience using a biodegradable mesh to support 
the small bowel above the pelvic inlet following extirpative 
surgery for carcinoma of the rectum. The mesh keeps the 
small bowel above a plane drawn between the pubic symphy- 
sis and sacral promontory and is totally absorbed within 4 to 6 
months, allowing the small bowel to descend into the pelvis. 
The purpose of this study was to evaluate any surgical compli- 
cations that might arise from the use of the mesh and to 
monitor patients for development of clinical signs or symp- 
toms of radiation enteritis. 


PATIENTS AND METHODS 


Between 1985 and 1989, 45 surgical procedures were performed in 
patients presenting with a carcinoma of the rectum. There were 42 
male and three female patients, with ages ranging from 32 to 69 years 
(mean age, 59.8 years). Fifteen patients underwent an anterior resec- 
tion with a primary anastomosis, 23 underwent an abdominoperineal 
resection, six underwent a total pelvic exenteration, and one under- 
went a total proctocolectomy. 

All patients presenting with a resectable carcinoma of the rectum 
in whom the lesion was thought to have penetrated the muscle wall 
(greater than Dukes' B stage) were considered for this study. During 
this period, only four patients were exeluded from participating. In 
two of these patients, the tumors were small and clinically thought to 
be Dukes A lesions. On microscopic examination, one patient did 
have penetration of the entire bowel wall and subsequently received 
postoperative radiotherapy. In two other cases, the mesh was not 
available in the operating room. All patients who had mesh placed 
were confirmed to have lesions penetrating the muscle wall or 
beyond. 

The technique for placement of the mesh was similar to that de- 
scribed by Devereux et al.” Briefly, following resection of the tumor- 
bearing area, the small bowel was packed away into the upper abdo- 
men. Using a 2-0 absorbable suture, the mesh was then sutured 
across the posterior abdominal wall or retroperitoneum, at or above 
the sacral promontory, laterally to the lateral abdominal wall, and 
superiorly under the anterior abdominal wall above the umbilicus. In 
patients undergoing an anterior resection, the mesh was sutured to 
the seromuscular surface of the descending colon. Care was taken not 
to injure or entrap the ureters or the iliac vessels under the mesh. 
Occasionally, the cecum had to be mobilized superiorly, and in pa- 
tientsin whoma colostomy had to be performed, the stoma was placed 
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Fig 1.—Small-bowel roentgenogram prior to starting radiotherapy 
shows protection of the small bowel from the pelvis. 


in the periambilical or left upper quadrant of the abdomen. The pelvis 
was drained with two large, closed-suction drains. 

The first three and the last 27 patients received polyglycolie acid 
mesh. The remaining 15 patients received polyglactin 910 mesh. The 
choice of mesh was unbiased ard was made on the basis of availability 
in the operating room. 

Of the 45 patients, one was found to have bone metastases 3 weeks 
after surgery and was excluded from receiving radiotherapy to the 
pelvis. The remaining 44 patients received radiation therapy, which 
was started within 4 to 6 weeks after surgery. All patients underwent 
preradiation small-bowel roentgenography series. Radiaticn therapy 
was administered 5 days per week at 1.8 to 2.0 Gy/d. A four-field box 
technique was used. After 45.0 to 50.0 Gy was administered to the 
entire pelvis, an additional 10.0 to 15.0 Gy was given to the tumor- 
bearing area. The mean (+ SEM) dose administered to these patients 
was 56.8 + 18.4 Gy. Nine patients had small-bowel series roentgenog- 
raphy performed approximately 12 weeks after surgery, and three 
patients kad roentgenographic studies at 16 weeks. Two patients 
were alse studied 8 and 10 months after surgery. All these studies 
were done to evaluate the position of the small bowel. 

All patients were followed up monthly for 1 year and every 3 to 6 
months thereafter. Although malabsorption studies were not per- 
formed, al patients were carefully questioned regarding ary changes 
in bowel pattern or symptoms, such as cramps, rectal bleeding, or 
diarrhea. The length of follow-up ranged between 12 and 53 months, 
with a median follow-up of 34 months. 


RESULTS 


There was no operative mortality in this series and no 
immediate complications were attributable to placement of 
the mest. The pelvic suction drains stayed in place for a mean 
of 5.8 days (range, 4 to 9 days) until the amount of drainage 
was less than 50 mL in 24 hours. Two patients received 
transfus ons of 2 U of packed red blood cells each for replace- 
ment of blood lost in the postoperative period. 

All 44 patients underwent small-bowel roentgenography 
before starting radiotherapy (Fig 1). Placement of the mesh 
was successful in preventing the descent of the small bowel 
into the pelvis in all patients. There was no significant change 
in the position ofthe small bowel at approximately 12 weeks in 
all nine 5atients who underwent small-bowel roentgenogra- 
phy witrin 1 week of completing radiotherapy (Fig 2). Roent- 
genograms of one of these patients and two other patients 
who were studied 16 weeks after surgery showed that the 
bowel loops had descended into the pelvis (Fig 3). In the two 
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Fig 2. — Small-bowel roentgenogram at 12 weeks after surgery shows 
no significant change in the position of the small bowel. 
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Fig 3. —Small-bowel roentgenogram of the patient in Fig 2 at 16 weeks 
shows that the small bowel has now descended into the pelvis. 


patients studied 8 and 10 months after surgery, roentgeno- 
grams also showed that the small bowel had descended into 
the pelvis and had normal motility. To date, there has been no 
documented incidence suggestive of radiation enteritis. Pa- 
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tients were not studied for biochemical malabsorption. Four 
patients were operated on for bowel obstruction. Two pa- 
tients had reeurrent cancer and the other two were noted to 
have adhesions. These patients are discussed below. 
- Six patients underwent reexploration between 3 and 14 
months after their initial surgery. The Table summarizes the 
indications for reexploration. Both patients who developed 
bowel obstruction dueto adhesions had received a pclyglactin 
~ 910 mesh. They underwent reoperatation 8 and 9 months 
"after their initial surgery. In both patients, multiple loops of 
. . small bowel were incarporated into thick, tenacious, fibrotic 
^ ^ adhesions. Although no visible mesh was noted, the adhesions 
* were predominantly ocated under the arterior abdominal 
= walland above the superior limits of the field of radiation. The 
_ bowel did not appear to be abnormally thickened or ischemic 
and did not require resection. Both patients have remained 
asymptomatie after more than 16 months of follow-up. Al- 
though these findings suggested that the achesions might be 
related to the mesh. radiation effects cannot be entirely ruled 
out. The remaining four patients who underwent reexplora- 
tion had received polyglycolic acid meshes and no significant 
adhesions were noted intraoperatively in any of these pa- 
. tients. All patients had complete resorption of the mesh and 
+ the small bowel had descended into the pelvis. 
v Eight patients died as a result of metastatic disease and one 
_ patient had extensive pelvic recurrence. This last patient had 
* . &pelvic exenteration for a large mucinous adenocarcinoma 
_. and had positive margins at the iliac artery. To date, no other 
< patient has developed detectable pelvic recurrence at a medi- 
an follow-up 07 34 months (range, 12 to 53 menths). 


COMMENT 


-Pelvic recurrence rates after surgery for rectal cancer vary 
-from 15% to 58% in node-negative patients and up to 67% in 
-node-positive patierts.'" Both randomized as well as nonran- 
domized studies have demonstrated the efficacy of preoper- 
ative” or postoperative radiotherapy : in redueing local re- 
eurrences as well as increasing overal survival. "^" A 
significant dose-limiting faetor when using postoperative ra- 
diotherapy is the risk of developing RASBI. The incidence of 
RASBI is minimal at doses of 30.0 Gy to the entire pelvis, but 
increases to between 35% and 57% when thedose is increased 
to. 60.0 to 70.0 Gy and given in a conventional manner.' 
Syn aptoms such as malabsorption, diarrhea, cramps, obstruc- 
tion, fistula formation. and hemorrhage’ have therefore lim- 
ted the use of radiotherapy to less than 45.0 or 50.0 Gy in 
treating the pelvis. 

A variety of surgieal methods have been used to prevent 
the small bowel from coming into contact with the pelvic floor 
“or the presacral space. A common technique is to create an 
, omental sling and peck the pelvic space. '* A significant draw- 
- back of this technique is that the omentum is frequently not 
: large enough and may not possess the necessary tensile 
- Strength to adequately support the bowel loops. Other meth- 
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ie, such as reperitonealization of the pelvis or suturing the 





posterior wall of the bladder to the pelvic walls," may not 
prevert radiation exposure to loops of bowel at the pelvic 
brin Synthetic meshes of formalinized polyvinyl sponge 
(Ivan), tantalum, steel,” and polytetrafluoroethylene (Tef- 
lon)’ nave been used to keep the small bowel out of the pelvis. 

Comobeations, such as infections, fistulas, and extrusions, 
have limited their applicability. Devices such as polymeric 
siliccne (Silastic) breast prostheses’ or molds made of polysi- 
loxane elastomer” have been used to fill the pelvis during 
radictherapy. These substances might require a second pro- 
cedure for removal. These problems have therefore led to the 
deve opment of a synthetic mesh that allows the small bowel 
to bepiaced completely above the pelvic brim and that under- 
goes total reabsorption following completion of radiotherapy. 

The two common types of meshes that are commercially 
available are made of either polyglycolic acid or polyglactin 
910. -n this study, the particular mesh used was based initial- 
ly on the availability of the mesh in the operating room. Our 
resul.s indieate that the two meshes are equally effective in 
keepng the small bowel out of the pelvic inlet. No mechanical 
eompzieations were noted in the early postoperative period. 
Becaase the pelvic space is not filled with any visceral organs, 
these patients do tend to have a moderate amount of drainage 
and require indwelling drains to remain for longer periods. 
There have been no pelvic abscesses or infections. 

Postradiation roentgenography in nine patients demon- 
strated that 12 weeks after surgery the small bowel was still 
above «he pelvic inlet. Beyond 4 months, all four patients 
studied with small-bowel roentgenography showed evidence 
of mesh absorption, since the small bowel was noted to have 
descended into the pelvis. Animal studies have shown that the 
polyg yeolic acid mesh remains functional for at least 3 
montas, but is totally absorbed by 6 months." ? 

In this study, four patients who had received a polyglycolic 
acid mesh and underwent reexploration at 8 months or later 
revez;ed no significant adhesions caused by the polyglycolic 
acid raesh. The two patients who were operated on for small- 
bowe. cbstruction due to adhesions had dense fibrosis envel- 
oping multiple loops of the small bowel. Most of the reaction 
was under the anterior abdominal wall and above the field of 
radiation. Neither of these patients had any unusual surgical 
or precisposing factors that could be identified, and both 
patiexts remained asymptomatie following surgery. This sug- 
gests that these adhesions were mesh related, but in the 
absence of a control group, radiation damage cannot be entire- 
ly ruled out. Nevertheless, this raises a question regarding a 
possible difference between reactions to the polyglactin 910 
mesh and the polyglycolic acid mesh. 

Altacugh late sequelae of radiotherapy may take up to 15 
years te develop, the mean interval for onset of symptoms is 
between 18 and 24 months. ^ The minimum follow-up in this 
study was 12 months, with a median follow-up of 34 months. 
With -he exception of the two patients who developed bowel 
obstruction due to adhesions, none of the remaining patients 
was nated to have developed any clinical evidence of RASBI. 
Althoagh malabsorption studies were not performed on these 
patierts, Devereux et al" have shown that with this tech- 
nique. there is no alteration in stool fat or serum vitamin 
levels. Histologic examinations of small bowel also have not 
showr any abnormalities.” 

The inflammatory response to these meshes has been stud- 
ied by. Tyrell et al." Using different types of meshes in the 
abdorninal wall of rabbits, they noted that the rate of absorp- 
tion of the polyglactin 910 mesh was more variable and rapid 
than the polyglycolic acid mesh. The polyglycolic acid mesh 
appeared to cause more adhesions than the polyglactin 910 
mesh. (comparative human data are lacking and further stud- 
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to je done in humans t o see if there is indeed a 
‘the inflammatory response to the two types of 


yradable mesh appears to provide adequate ten- 
-to keep the small bowel out of the pelvis during 
e radiotherapy. The mesh is totally reabsorbed 
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T Clindamycin vs Penicillin for Anaerobie Lung Infections: High Rate of Penicillin Failures 
Associated With Penicillin-Resistant Bacteroides melaninogenicus 
Franeese Guciol, MD; Frederic Manresa, MD; Roman Pallares, MD; Jordi Dorca, MD; Gabriel Rufi, MD; 















Intern Med. 1990;150:2525-2529). 


(Dr Gudiol). 


Vol126,March 1991 


Reprint requests to Infectious Disease Unit, Hospital of Bellvitge, 08907 L'Hospitalet de Llobregat, Barcelona, Spain 


Josep Boada, MD; Xavier Ariza, MD; Aurora Casanova, MD; Pedro F. Viladrich, MD 


cou] Thirty-seven adult patients with anaerobic lung infections (27 lung abscesses and 10 necrotizing 

|. pneumonias) were submitted to transthoracic needle aspiration and/or bronchoscopic specimen brush cultures 
before therapy and thereafter in all cases considered to be failures. Patients were randomly assigned to 
receive either clindamycin, 600 mg intravenousiy every 6 hours, or penicillin G, 2 million U every 4 hours for 
no less than 8 cays, until clinical and radiological improvement became apparent. Treatment was continued 
orally with clindamycin, 300 mg every 6 hours, or penicillin V, 750 mg every 6 hours, until completing a 
| minimum of 4 weeks. Ten of the 47 anaercbes initially isolated from the lung (nine Bacteroides melaninoge- 
nicus and one Bacteroides capillosus) were resistant to penicillin, but none were resistant to clindamycin. 
Five of the nine patients harboring these penicillin-resistant Bacteroides received penicillin, and all failed to 

respond to therapy. Overall, eight of the 18 patients in the penicillin group and one of 19 in the clindamycin 
group failed to respond to therapy. These drugs were equally well tolerated in both groups. The presence of 
penicillin-resistant Bacteroides is a frequent cause of penicillin failure in patients with anaerobic lung 
infections. In this setting, clindamycin appears to be the current therapy of choice for initial treatment (Arch 
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_ James Ewing Lecture 


: 2 Walter Lawrence, Jr, MD 


Bes E r Ewing was intimately associated with the Memorial 
. # Hospital for Cancer and Allied Diseases, New York, 
|... NY, from 1913 until his retirement in 1939, and his outstand- 
.. ing leadership in oncology had a major impact on both his 
. contemporaries and those of us who followed. This society, 
_ devoted to oncology, was founded in 1940 as the James Ewing 
. Society both to “further our knowledge of cancer" and to 
. honor this great mar. Some of you will remember our historic 
_ Meeting in New Orleans in 1975, when we changed the name 
.. from the James Ewing Society to the Society of Surgical 
-... Oncology. Our president at that meeting, Dr Edward Scan- 
Jon, had the foresigh: and courage to realize that the member- 
... ship of the James Ewing Society was an outstanding base for 
. launching a new and much-needed national organization of 
. surgical oncologists. There was considerable controversy 
.. overthe name change, however; the major argument against 
_ it was the potential negative impact on the memory of Dr 
.. dames Ewing, who was a true hero to all of the membership. 
_ Many of us felt thet. the creation of an entirely new and 
_ Separate naticnal surgical oncology society, rather than 
. merely changing the name of this society, would seriously 
___ threaten the future of the James Ewing Society, while a name 
change would give this society an expanded role and purpose. 
. The impasse at our rather emotional meeting was broken by 
the supporting comments of that pioneer surgical oncologist, 
the late Dr Murray Copeland. He committed us all to the 
promise that we wouid continue to be true to the memory and 
the inspiration of Dr Ewing, despite the name change. In this 
tradition, it is my privilege to reflect on Dr Ewing’s vital role 
in oncology, and you honor me by this important assignment. 

_ Dr Ewing was born on Christmas day 1866, attended Am- 
erst (Mass) College and the College of Physicians and Sur- 
geons, New York, NY, and, at the age of 33 years, was 
appointed as the first professor of pathology at Cornell Medi- 
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cal College, New York, NY (Fig 1). His undergraduate stu- 
dents admired and respected him greatly, as shown by the 
publieation of a book of his lectures by the graduating class at 
the time of his retirement." 

In 1913, Dr Ewing became chief of pathology and president 
of the Medical Board of the Memorial Hospital for Cancer and 
Allied Disease, a hospitalthat changed its name, purpose, and 
direction at that time.* He was the highly influential leader of 
the “old Memorial Hospital” on Central Park West until his 
retirement, and his replacement by Dr Cornelius P. Rhoads, 
in 1940 (Fig 2). Also in 1913, Dr Ewing spoke at the inaugura- 
tion of another great cancer research hospital, in Buffalo, NY, 
the forerunner of the Roswell Park Memorial Institute. He 
was one of the founders, in 1913, of the American Society for 
the Control of Cancer, the precursor of our American Cancer 
Society. The American College of Surgeons, an organization 
that had a great impact on eancer through its Commission on 


Cancer, was founded by Dr Franklin Martin in that same 


year. Thus, 1913 was certainly a big year in the history of 
oncology! 

Dr Ewing became a serious student of cancer and published 
the first edition of his outstanding treatise, Neoplastic Dis- 
eases, in 1918. Although a premier pathologist, Dr Ewing 
also had a major impact on therapy, with his own bias being 
toward primary radiation therapy. His confidence regarding 
this approach to treatment was augmented by the Memorial - 
Hospital owning a generous supply of radium and by the 
presence on the staff of two outstanding physicists, Dr Gioac- 
chino Failla and Dr Edith Quimby, the very first James 
Ewing Lecturer (1949). Dr Ewing recruited clinicians to his 
team at Memorial Hospital, such as Drs Janeway, Quick, 
Coley, Barringer, Healy, and Lee, who provided both surgi- 
eal care and radiation therapy. These clinicians and the 
strong-willed, rather independent surgical chiefs who fol- 
lowed divided up the responsibilities for cancer care by ana- 
tomic site. Dr Ewing participated actively in the development 
of treatment policies at Memorial Hospital, and it was his 
personal influence that led to the predominance of radiation 
over surgery as local cancer therapy until the late 1930s. As I 
remember the individuality of Hayes Martin, Frank Adair, 
sam Binkley, Lloyd Craver, Bill Watson, Brad Coley, and 
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Fig 1.—James Ewing in 1899, when he was appointed professor of 
pathology at Cornell Medical College, New York, NY (from Del 
Regato“). 





Fig 2.—James Ewing in later years (from Robbins’). 


George Pack during my fellowship training in the early 1950s, 
I can hardly imagine anyone with the strength and ability to 
coordinate and direct such an independent crew. Dr Ewing 
did just that, and he demonstrated the incredible leadership 
required to provide a great heritage for the many oncologists 
who followed him at Memorial Hospital. I am one of those who 
only knew Dr Ewing “secondhand” through an intervening 
generation of sincere admirers and followers, such as our 
beloved Fred Stewart, but I am grateful for the heritage he 
has provided us. 

One advantage of giving this memorial lecture is the privi- 
lege of sharing some thoughts on a subject of special interest 
to me. I would like to focus on current problems with the 
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Fig 3.—James Lind, MD, from an engraving of Chalmers’ portrait in 
1773 (from Roddis’). 


process of clinical trials of treatments for cancer. George 
Higgins addressed the subject of clinical trials in his Lucy 
Wortham James Research Award Lecture in 1980," and oth- 
ers have given their perspective since. Nevertheless, this 
vital process and its problems warrant our continued 
attention. 


EARLY HISTORY OF CLINICAL TRIALS 


Clinical trials have only recently become a frequent means 
for providing answers to clinical questions, but we do have 
examples of clinieal trials in history. The classic prospective 
study demonstrating the benefits of citrus fruits in controlling 
scurvy on the HMS Salisbury, reported by James Lind (Fig 3) 
back in 1753, was probably the first legitimate clinical trial, 
according to Bricker’ (Fig 4). Lind’s individual experimental 
groups of two sailors each were quite small (Table 1), and no 
note was made of obtaining informed consent from the seorbu- 
tic sailors, but the results had such a profound effect on 
seafaring that James Lind has been called the “father of 
nautical medicine.” 

During the 200 years following Lind’s scurvy trials, clinical 
investigations did add to our knowledge of disease and its 
control, particularly infectious problems such as smallpox 
(Jenner) and rabies (Pasteur) and the clinical application of 
knowledge regarding infection (Lister). However, the inves- 
tigative method employed until the last several decades was 
generally collecting observations from sequential series of 
treatment innovations and comparing these with clinical data 
from the past. This has been particularly true for evaluation of 
surgical procedures for cancer. A good example of this ap- 
proach was the “clinical investigation” of Dr William Stewart 
Halsted, whose trial of radical mastectomy was in truth only a 
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-Fig 4.—Frontspiece of a report by James Lind, MD, in 1753 on the 
-treatment of scurvy by citrus juices (from Roddis") 


refinement of the operative procedure employed for breast 
.eancer. However, his data reported in 1861 did show a de- 
.€rease in local recurrence from around 50% to 6% as a result of 
his innovation, a truly impressive result.’ 

-. These clinical studies were all so striking in their results 
. that sophisticated statistical analysis was really unnecessary. 
This was fortunate, since the x? test was not developed until 
. 1900, by the mathematician Karl Pearson, and the foundation 
-of modern statistical methods for clinical trials had to await 
.thecontribution of Ronald Fisher in 1925.* Actually, vigorous 
“clinical trials of cancer treatment were not really initiated 
until the mid-1950s, when the federal government began 
unding cooperative groups for the systematic study of the 
benefits of anticancer drugs. _ 

Even in more recent years, uncontrolled comparisons 
ve been widely reported, such as the data of Dr George 
lle, Jr," comparing simple mastectomy by one surgeon 
ile) with radical mastectomy for cancer by others in his 
' (Table 2). The results in this and many other such 
controlled comparisons often were quite misleading. In 
1e instances, usefu! trea! ment leads were obtained, such 
treatment additions for Wilms’ tumor (Table 3), but this 
ral approach is not only inaccurate but also clearly inade- 





























te for identifying the small but significant benefits often 


we 


eved by most of our treatment innovations for cancer, 
ticularly in the adjuvant setting. 

7 DEFINITION OF A CLINICAL TRIAL 

Tk e clinical trial for cancer management in 1990 is certainly 
an improved and more precise clinical investigation compared 
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Table 1.— Outline of Experimental Groups for Study of 
Scurvy by James Lind in 1747 on the HMS Salisbury* 

































, intervention 
1 quart of cider per day 
25 drops of elixir of vitriol three times per day 
2 spoonfuls of vinegar per day 
Half pint of seawater per day 
2 oranges and 1 lemon per day 
"Bigness" of nutmeg three times per day 
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*From: Roddis.” 


Tabie 2.—Comparison of End Results of Simple and Radical 
Mastectomy for Breast Cancer in Patients Without Axillary 
Nodes, Using Nonrandomized Data 
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Tabie 3. —Incremental Improvement in Results of Treatment 
for Wilms' Tumor at Boston (Mass) Children's Hospital 







2-Year Survival 
Treatment Rate, % 


Surgery 32 
Radiotherapy added 45 
Dactinomycin added 75 


Period 
1931-1939 
19401956 — 
1957-1961 








with many so-called trial efforts in the past. A good definition 
of a clinical trial is a carefully controlled and highly ethical 
human experiment that is designed to test a hypothesis relat- 
ing te possible improvements in patient management. Al- 
though cancer trials so defined might include well-designed 
prevention or diagnostic trials, I would like to limit this 
discussion to cancer treatment trials, since there are relative- 
ly few prevention or diagnostic trials at present. Also, I would 
like to limit this discussion to what are called phase III trials, 
comparative trials evaluating the relative efficacy of treat- 
ment innovations, rather than preliminary studies of toxicity 
and dosage of treatment (phase I) or potential feasibility and 
effectiveness (phase II). By its very nature, the phase III 
clinical treatment trial provides the most up-to-date treat- 
ment or makes a minor modification of this treatment, and it 
does so in a precise and optimal way. 


RECENT HISTORY OF CLINICAL TRIALS 


The usage of phase III clinical trials for assessing new - 
treatment approaches to eancer was facilitated by the initia- 
tion of federally funded cooperative group trials of cancer 
chemotherapy in the mid-1950s, conducted at universities or 
by the Veterans Administration. Pioneer leaders in the initia- 
tion of these early drug studies included Jonathan Rhoads, 
Sydney Farber, David Kar nofsky, James Holland, Emil Frei, 
and many others. Many early trials were nonrandomized 
phase I and II studies, but phase III treatment comparisons 
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cy of new drugs or new schemas for administer- 
ning treatments for leukemia or other forms of 
s to study the early postoperative addition of 
gents to the standard operative treatment for 
or, gastric cancer, and colon cancer (adjuvant 
yy) were initiated in the late 1950s by Longmire 
et al," Holden et al," Higgins et al,” and others. 





oriented trials then conducted by federally funded coopera- 
tive groups. Since 1975 there has been a steady, slow increase 
in participation of physicians from community hospitals in 
phase III trials, a very important factor for the future of the 
clinieal trials program. 


EXPERIMENTAL CONSIDERATIONS 
IN CLINICAL TRIALS 


A number of considerations must be addressed or moni- 
s. toredtoconduct and complete a valid clinical trial. The experi- 
^ mental question must be worth asking, the experimental 
Cot. design must be adequate and the experiment feasible, appro- 
priate controls must be chosen, end points must be carefully 
defined, and a number of important statistical factors must be 
addressed as well. These range from determining adequate 
sample size for answering the experimental question to deal- 
ing with protocol “violations,” patient exclusions and with- 
drawals, and avoiding both subset analyses and too-frequent 
interim analyses as the experiment proceeds." It is quite 
clear that a statistical coworker must be involved “up front” to 
assist in framing the experimental question being posed by 
the trial, to determine the sample size required, to determine 
the feasibility of achieving adequate accrual rates for the 
study, and to prospectively determine end points and the 
==. appropriate stratifications for subjects at the time of entry 
«+. into the trial. Statistical support is needed for accurate inter- 
«im analyses, but subset analyses of subgroups not identified 
- s prospectively for stratification and too-frequent interim ana- 
<- lyses in smaller trials (which often give false-positive results) 
are to be avoided. Quality assurance on data collected, accu- 
ate assessment of toxicities of various sorts, and limitation of 
procedural “errors” (misassignment of patients within the 
protocol, protocol violations, ete) are important responsibil- 
ities of both the investigators and the data management team. 
All clinical investigators are in general agreement about the 
importance of most of these procedural and statistical factors 
in clinical trials. 


ETHICAL CONSIDERATIONS IN CLINICAL TRIALS 


Adherence to ethical procedures in clinical investigations, 
partieularly obtaining appropriate informed consent regard- 
_ing potential risks and beneZits for involved subjects, is essen- 
ial to the proper conduct of clinical trials. It is considered 
inethieal to propose participation in a trial unless both the 

erimental and statistical designs of the study are appro- 
Other ethical features include whether it is appropri- 
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ate for an investigator to conduct or participate inatrialifhe | — 
or she is already convinced one of the treatment alternatives 

is superior to the other or if he or she has a "confliet of 

interest" regarding the treatment being tested, the necessity — 
for continuing the trial until a valid result is obtained once one — 
embarks on a well-designed trial, and the need to halt atrial- 
once an optimal treatment is identified. All-of these faetors - v 
are accepted by today's clinical investigators as proper ethical 
procedure for clinical trials. One unsettled area, from the 
ethical standpoint, is the question of "research for profit." s IE 
is often debated, but in many clinical investigations the clini- 
cal investigator does receive compensation for those aspects- 
of the subject's care that are relatively "standard" (sueh as. 
surgery or radiation in an adjuvant treatment trial. The 
reimbursement of physicians for administering experimental ^ 
biologic or pharmacologic agents often is the point in question.: 


ACCRUAL TO CLINICAL TRIALS 


Our attention was drawn to the subject of clinical trials in 
1988 by leaders in the Division of Cancer Treatment cf the _ 
National Cancer Institute (NCI) (M. Friedman, MD. and 
others in the Cancer Therapy Evaluation Program, personal — 
communication, 1989). They were concerned about slow pro- 
gress in completing clinical trials. Case accrual in all clinical 
treatment trials of NCI-supported cooperative groups was > 
considered low overall; fewer than 3% of treated patients in 
the United States had been entered into such trials in the 
previous year. Actually, phase III clinical trials comparing 
the efficacy of new or modified treatments with "state-of-the- 
art" treatments included only about 1% of all adult cancer. 
patients who were treated. Another recruitment deficiency of 
legitimate clinical trials for cancer is the low representation of 
minorities and socioeconomieally disadvantaged individuals. 
The 1990 report from the Drew-Morehouse-Meharry Censor- 
tium Cancer Center points out that fewer than 2% of patients = 
in NCI clinical trials are black, a factor that reflects somewhat 
on the level of cancer care received by this population Gf one... 
accepts the observation that truly optimal care is accom- 
plished by participation in clinical trials). D 

Exceptions to this slow accrual problem were studies deal- 
ing with the various childhood cancers, but the low case 
accrual in adult trials clearly prolonged the time required to = 
answer the important treatment questions that were being 
asked. This accrual problem actually led to discontinuation of 
some uncompleted trials by the NCI due to the realization 
that it was not feasible to complete them, and many more 
years than expected were required for completion of some 
trials of therapy for what are considered cur common adult 
cancers. This problem deserves our attention, and I wil- 
consider a number of the issues surrounding it. 


CURRENT PROBLEMS WITH CLINICAL TRIALS 


I would like to focus on some questions on which there has 
been disagreement. One problem area is the potentialbene- 
fits and risks to a patient entering a clinical trial of cancer = 
management. It is essential that clinical trials be proper! 
conducted, using informed consent of the subjects regarding 
study goals, procedures to be employed, risks, and potential 
benefits of the study. This approach is what separates “quack- 
ery” from clinica! trial methods when the best treatment fora —_ 
disorder is actually unknown. In fact, there must be true- 
uncertainty regarding the best treatment for the specific 
stage of the cancer in question, or a clinical trial is aetually —. 
inappropriate. The best available treatment is one of the = 
treatment arms in a well-designed clinical trial. It has often ` 
been pointed out that the results of any such treatment are .. 
somewhat better when administered within the framework of- : 
a well-planned and well-conducted clinical trial than in stan- — 
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. dard practice settings. This is undoubtedly due to the fact that 
such treatment is usually carried out in a more precise and 
careful fashion in a trial than outside the trial environment 
(the Hawthorne effect), 

A second problem relating to clinical trials of cancer thera- 
py was mentioned by Bailar and Smith" in 1986 in a classic 
critique of our laex of progress in the war on cancer despite 
ongoing clinical trials. The substance of the argument was 
that the age-adjusted cancer mortality rate had actually ris- 
en, not fallen, since 1950, and they concluded that emphasis on 
treatment-related research had been a failure. The recom- 
mendation that there should be a shift to research on preven- 
tion if “substantial progress against cancer is to be fortheom- 
ing” was not altogether unreasonable or unrealistic, but the 
claim that there had been no progress in treatment-related 
research is not in keeping with other data. Subsequent exami- 
nation of cancer statistics by the NCI and the General Ac- 
counting Office demonstrated striking improvement in mor- 
tality in a few areas, modest improvement in some areas, and 
no improvement whatsoever for some of our common adult 
cancers. A graph of cancer mortality rates” (Fig 5) demon- 
strates some progress, particularly with the pediatric cancers 
but not limited to these. Benefits in adults are observed in 
patients with lymphoma, testicular cancer, and breast can- 
cer, while there has been little impact on lung cancer and most 
of the gastrointestinal cancers from intense clinical trial ef- 
forts.” Dr Broder, director of the N CI, stresses the decrease 
in mortality in individuals less than 65 years of age, since this 
improvement. should become apparent in older individuals 
before long. Is this progress in clinical research “cost-effec- 
tive”? The answer depends on what we think this limited 
progress is worth in human terms. I believe we have demon- 
strated modest benefits overall that can and should be ex- 
ploited further by expanding carefully designed and con- 
trolled clinical trials. On the other hand, we should exercise 
some caution regarding public declarations of major “break- 
throughs,” as this will lead to publie concerns regarding our 
scientific and moral credibility. 


PROBLEMS WITH TRIALS THAT 
ARE UNIQUE TO SURGERY 


Most clinical treatment trials of cancer reported thus far 
have been trials of the efficacy of drugs, singly or in combina- 
tion, or of drugs added to locoregional surgical or radiation 
treatment (adjuvant chemotherapy). Surgeons involved in 
these trials are often concerned with the standardization of 
one of the variables in these trials, the operation itself. This 
seems as crucial to the accuracy of the trial and the results 
obtained as the drug dosages employed when anticancer 
drugs are being tested, but nonsurgeons often fail to appreci- 
ate this. The study by Baleh and coworkers” from the South- 
eastern Cooperative Group clearly showed the need for surgi- 
cal quality assurance review before randomization of patients 
entering trials when surgery is part ofthe treatment adminis- 
tered. There must be confidence, too, regarding the uniformi- 
ty ofthe surgical treatment employed in this type of trial. This 
can only be accomplished by constructing careful surgical 
guidelines for the protocol and by careful and continuous 
review of surgical performance in the protocel itself. 

Few randomized trials have examined surgical treatment 
choices from the standpoint of differing operations for various 
cancers. There are some excellent examples of randomized 
trials evaluating optimum choices in noncancer areas (the 
type of operation for duodenal ulcer,” evaluation of different 
types of abdominal wound closure,” type ef portal venous 
shunt procedure for portal hypertension,” type of operation 
for morbid obesity,” etc), but the problem of informed consent 
is somewhat greater in trials that test the often quite dispa- 
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Fig 5.— Change in 5-year relative survival rates at all sites combined, 
among white (cross-hatched line) and black (triangles) adults and 
white children aged 0 through 14 years (circles), using data from the 
End Results Group (1 960-1973) and the Surveillance, Epidemiology, 
and Enc Results program (1974-1986) (from Ries et al"). 


rate choices in cancer surgery. Trials comparing simple or 
total mastectomy with radical mastectomy for clinical stage I 
breast cancer (NSABP B-04) and segmental mastectomy with 
total mastectomy (NSABP B-06) have been successfully com- 
pleted in recent years, but accrual to the latter trial (NSABP 
B-06) was slow until prerandomization was initiated. Other, 
more extreme differences between differing operative 
groups, such as amputation vs limb-sparing surgery or com- 
plete pelvic exenteration vs conservative pelvie surgery for 
childhoed pelvic rhabdomyosarcoma, are really too disparate 
for any reasonable and acceptable randomized clinical trials. 
Data regarding these choices of therapy must be obtained by 
use of historic controls and other means of comparison, de- 
spite the scientific appeal of the randomized clinical trial. 

Another problem that is unique to the surgical approach to 
cancer relates to the need for a pretreatment staging schema 
prior to stratification and randomization of subjects involved 
in a clinical trial that is asking a surgical question. Variations 
between available operative options are often applicable only 
to certain stages of a cancer. Some neoplastic processes have 
only been suitable for trials of nonsurgical treatment varia- 
tions, due to the fact that their staging plan was dependent on 
both the surgical and pathologic findings from a definitive 
operative procedure. A good example ofthis is the Intergroup 
Rhabdomyosarcoma Study, a national cooperative study of 
treatment of childhood rhabdomyosarcoma. Until recently, 
the staging schema for this disease has depended on both 
operative findings and the procedure performed. A pretreat- 
ment staging plan was developed recently on the basis of 
outcome data from the Intergroup Rhabdomyosarcoma 
Study IL,” and, in the future, surgical questions can be asked 
ofthis patient population in clinical trials. 

A common problem in the analysis of adjuvant chemothera- 
py trials in surgical patients is the small margin of improve- 
ment expected of "successful" adjuvant treatment. This plus 
the fact that a significant fraction of patients would have 
survived without the adjuvant therapy led Higgins" to state: 
"Biological benefit may be masked by the sizable number of 
patients randomized to receive chemotherapy who have no 
residual tumor and therefore will not possibly benefit from 
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Fig 6.—Effect of adjuvant radiation therapy following abdominoperineal resection for carcinoma of the rectum. Left, Data 
en disease-free survival (P = .054 by log-rank analysis). Right, Data on overall survival (P= .631 by log-rank analysis). Solid 
line indicates surgery; broken line, surgery plus radiotherapy (from Gerard et al”). 
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Fig 7.—Effect of adjuvant chemotherapy with methyl-N-(2-chloroethyl)-N'-cyclohexyl- -N-nitrosurea i and 5-fluorouracil 
efter curative. resection for gastric cancer. Left, Data from the Gastrointestinal Tumor Study Group.” Right, Data from 
Higgins et al (a Veterans Administration group). Solid line indicates control group; broken line, chemotherapy group. 


Results in these similar studies clearly differ. 


the adjuvant treatment." 

Another issue applicable to trials of adjuvant treatments is 
the end point for evaluation of outcome. Whereas overall 
survival statisties for groups being compared in a trial are 
quite objective and accepted, “disease-free survival" is often 
employed as a measure of the efficacy of adjuvant treatment. 
In some instances, disease-free survival is a predictor of 
ultimate overall survival benefit, while in others it only repre- 
sents a delay in clinical identification of recurrent disease 
without an alteration in overal survival. An example of signif- 
icant (and beneficial) improvement in disease-free survival 
without survival benefit is that of adjuvant radiation for rectal 
cancer (Fig 6).* Differences in disease-free survival might 
easily be due to the difficulty experienced in detecting local 
recurrence in some settings or, alternatively, to the domi- 
nance of the effect of distant disease on survival. In most trials 
of adjuvant chemotherapy for stage II breast cancer, for 
example, improvement in disease-free survival was the initial 
positive finding, but, ultimately, it translated into improved 
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overall survival. 

Another way of appreciating disease-free survival end 
points relates to the concept of *quality of life," since survival 
with recurrent disease is often a disagreeable state. Althcugh 
improved disease-free survival as a result of a therapeutic 
intervention may mean some type of patient benefit, im- 
provement in survival must remain the “bottom line" for 
clear-cut scientific benefit of most treatment interventions. 
Nevertheless, end points other than survival have not been 
exploited extensively. Certain "quality of life" end points, in 
particular, do require measurement and scientific evaluation 
in the clinical trials of the future.” 


WHEN DO WE DECLARE VICTORY? 


As noted above, improved survival rates might well be the 
gold standard for accepting the results of a clinical trial as 
positive. Does one accept one unconfirmed experiment as the 
only requirement for concluding there is benefit, or is confir- 
mation by at least one additional study required? In Fig 7, an 
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adjuvant chemotherapy study for gastrie cancer showed a 
modest but statistically significant benefit from adjuvant che- 
motherapy," while a subsequent trial of the same agents 
under similar circumstances showed no benefit." It may be 
too stringent to expect all clinical triale to be confirmed, 
particularly large clinical trials requiring considerable time 
and great numbers of patients. On the other hand, a clinical 
trial that yields conclusions somewhat different than ex- 
pected, or different than similar previous trials, might well be 
held suspect until convincing confirmatory data are obtained. 
A case in point is the NSABP C-01 trial, which showed clear- 
cut, statistically significant benefit from three-drug combina- 
tion chemotherapy for colon cancer overal as well as in some 
properly stratified subgroups." Continued follow-up of this 
same population cf patients showed a small survival benefit 
without statistica: significance, raising some question about 
this earlier “breakthrough.” Problems of deciding the clinical 
significance of positive or negative results when the differ- 
ences are nct great continue to plague these adjuvant trials. 
The eventual acceptance of clinical trial data by the scientific 
community after careful, thoughtful review and, possibly, 
confirmatory studies is the only way we can establish “state- 
of-the-art” treatments. This acceptance of data by the prac- 
ticing scientific community requires careful review of data 
that have been published in peer-reviewed journals. 

More recently, there has been concern that new treatment 
findings need to reach the clinician sooner, since there is a 
built-in delay in publication of data in the peer-reviewed 
Journals. This has led to the issuance of arnouncements from 
the NCI of new “facts” that have been obtained from clinical 
trials. Some individuals outside the NCI believe that the 
publication of a "Clinical Alert" or “Clinical Update" should 
never precede publication in a peer-reviewed journal? or, 
alternatively, ahowid only be used when the treatment results 
are so compelling that the prudent physician must consider 
employing the new treatment despite the fact that the results 
~ .. have not yet been peer-reviewed and published. On the other 
. . hand, many believe that the NCI has a public responsibility to 
disseminate new treatment information oree the NCI is satis- 
fied as to its validity, rather than awaiting the delayed collec- 
tive judgment of tae scientifie community. 

Unfortunately, the “alert” or “update” from the NCI is 
perceived by many recipients as a directive, a directive that 
bypasses analysis of the data by the scientific community, 
settles the issue in a decisive way, and immediately establish- 
es a new standard of practice in a specific area. This approach 
may be more speedy but may, for this reason, lead to an 
_ incorrect conclusion that is almost impossible to undo in a 
 reasenable time. My view is that search for scientific proof, 
either in basic or clinical science, requires a process that 
-cannot be short-cirenited by decisions or pronouncements by 
„a few. The safest course is to follow the time-honored “peer 
review" process in the broadest sense. 


WHY IS “PROGRESS” IN CLINICAL 
CANCER TRIALS SO SLOW? 


Large numbers of patients are requirec for phase ITI clini- 
cal treatment trials for a number of reasons, including the 
need for stratification of subjects for known variables (such as 
Stage, sex, etc) and the elimination by dilution of unknown or 
unsuspected variables,” but larger sample sizes are needed in 
trials likely to heve small outcome differences between the 
treatment alternatives. This requirement for large numbers 
of patients under limited acerual conditions is the major rea- 
son for the unacceptably slow progress noted in many of our 
national cooperat: ve-clinical trials. 
Aecrual problems may be related to physician attitudes 
toward clinical trials as well as the attitudes of other health 
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care personnel. A survey of attitudes of more than 400 prac- 
ticing surgeons toward:clinieal trials was conducted under the 
auspices of the American College of Surgeons in 1989.” This 
study and other, less thorough inquiries have led to some 
insights regarding problems with clinical cancer trials that 
might be helpful for developing future strategies. 

Some clinical trials ask relatively trivial experimental ques- 
tions, thereby diminishing the enthusiasm of the practicing 


physician with patients who are potential trial participants. 


As expressed by Durant" in a workshop on clinical trials, we 
need to "sharpen the science" of these trials. The American 


College of Surgeons’ survey concluded that clinical trials are 


viewed favorably by most surgeons, however, and the re- 
spondents thought that a lack of knowledge regarding ongo- 
ing trials, lack of communication from centers where trials are 
conducted, concern regarding possible “loss” of their patient 
to anether physician, and/or more time requirements for 
discussion and paperwerk were all problems that discouraged 
them from urging their patients to participate in clinical 
trials. In addition, there seemed to be an innate suspicion of 
randomization and adjuvant “placebos” in some trials. Major 
current obstacles to the support of many community surgeons 
are a lack of knowledge regarding the whole process of clinical 
triais and the lack of definition of the role of these surgeons in 
the process. 

Ancther problem among knowledgeable physicians was 
revealed by a study of attitudes toward a clinical trial held by 
"experts" who treat lung disease (medieal oneologists, pul- 
monologists, radiation oncologists, and thoracic surgeons). In 
a stucy in Montreal, Quebec,” these “experts” were asked 
whether they would be willing to participate in one of several 
specific trials if they received a diagnosis of non-small cell 
lung cancer. The positive response to this inquiry ranged from 
15% to 64%, depending on the specific trial and actual special- 
ty, but these "experts" were sometimes willing to enter pa- 
tients into trials that they would not participate in them- 
selves. This general observation was duplicated in a similar 
study of urologists in the United Kingdom and the United 
States who treat genitourinary cancer." One might conclude 
that this is an argument both for sharpening the quality of the 
science of some of our clinical trials and for providing more 
information to practicing physicians regarding the rationale 
as well as the conduct ef the trials in question. 


RECRUITMENT OF PHYSICIANS FOR CLINICAL TRIALS 


Is it really feasible to recruit a larger proportion of practic- 
ing physicians and surgeons into the national clinical trials 
process? The complexity of the trials themselves, the extra 
time required for explanation and paperwork, and, possibly, 
the general inability of community physicians to conduct tri- 
als may be insurmountable obstacles. Fortunately, this “ex- 
periment” of community physician involvement has already 
been conducted by the NSABP, the Southwest Oncology 
Group, and other groups, and the results are encouraging. 
Community hospitals, either as fully participating institu- 
tions in cooperative groups or as satellite sites for participat- 
ing medical centers, now account for approximately 60% of 
the participation in NSABP clinical trials (B. Fisher, MD, 
personal communication, 1990). The quality of data, in terms 
of the aceuracy and timeliness of entry and follow-up informa- 
tion, in these commurity hospital programs is as good as or 
better than in university centers (Table 4). Similar results 
were obtained when facilities of the Clinical Cancer Oncology 
Program and the Cooperative Group Oncology Program of 
the Southwest Oncology Group were compared with the 
member (university) institutions (Table 5). In addition, the 


response rates for one groupwide protocol were actually bet- 


ter incommunity hospital settings than in the member institu- 
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po | Table 4.— Delinquency of Data From Participants in the 
>. > . National Surgical Adjuvant Breast Project* 


Al Community 
ie institutions Hospitals 
s >3 mo late, % 
forms >6 mo late, % 


Data from B, Fisher, MD (personal communication, 1990). 


Table 5.— Quality of Data From Participants in the 
Southwest Oncology Group* 


Follow-up 
Forms 


Eligibility and 
Overdue, % 


Evaluability, % 


|]. Member iun versity) 
pU Clinica: Cancer Oncology 


|. Cooperative Group Oncology 
Program 


*Data from Coltman.” 


Table 6.—Clinical Response Rates in a Trial 
ct Acute Myelogenous Leukemia in Adults 
in the Southwest Oncology Group' 


Clinical 
piu: Seurce of No. of Response 
» Patients Patients Rate, % 


^d Member university} 


| Private practice 
d | (Cooperative Group 


| a joicgy Program) 
"*Data from Coltman.* 


tions (Table 3)? These data should build confidence regarding 
the feasibility of expanding elinical trials to community set- 
tings, in terms of both the quality of performance and the 
interests ef eommunity physicians. Expansion of this activity 
nationwide is dependent, of course, on communication with 
... and motivation and involvement of community physicians in 
€ . the clinical trials process. Any perceived obstacles to partici- 
pation must be overcome by an effective education and com- 








munication process. 
PUBLIC CONCERNS REGARDING TRIALS 


‘How about the “subjects” of clinical trials? Over the years, 
most patients in clinical trials have been entered in university 
settings, despite the pilot data discussed above for the 
NSABP and the Southwest Oncology Group. The public, in 
general, has very little knowledge of the process. There are 
many myths about trials, being a “guinea pig,” ete, and, when 
surveyed, some individuals feel very negative about partici- 
pation, some are positive, and some think their doctor “knows 
best."" Just.as with the practicing community physicians, the 
publie (who will become patients at some time) needs informa- 

ion regarding the purpose of clinical cancer trials and the 
ear-cut advantages of being a participant. People need to 

ow that the most up-to-date and optimal treatment (or a 
' modification of this) will be obtained if one enters a 
eer treatment trial. We need to “sell” the public on 
and benefits of clinical trials if we are to signifi- 
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cantly increase community participation. As we involve com- 
munity physicians in clinical cancer trials, they will neec this 


A major ongoing concern of cancer pi 
cians caring for them is the threat that, if the pa 
clinical trial and/or their therapy involves drugs ¢ 





in the minds of some physicians. 


HOW CAN ACCRUAL TO CLINICAL 
TRIALS BE INCREASED? 


It is clear that expeditious completion of clinical trials 
answering important therapy questions has not yet occurred, 
despite some increase in accrual over the past 2 years, follow- 
ing publicity regarding the accrual problem. It is also clear 


that the accrual of adequate numbers of patients to clinical E 


trials will require significantly increased involvement o? phy- 


sicians practicing in the community and patients, along with — 
increased involvement of large segments of a population now > 


not represented (the socioeconomically disadvantaged). 
These developments will require major educational efforts for > 
both the public and the broad community of health care pro- T 


fessionals. They will also require the wholehearted commit- _ 4 
ment and involvement of multiple organizations dealing with = 


cancer care at all levels. These include the NCI, the cancer 
centers of the nation, national organizations of physicians (the 
American College of Surgeons, American Society of Cinical .- 
Oncology, the Society of Surgical Oncology, etc), the Associa- > 
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tion of Community Caneer Centers, and the American Cancer 
.. Society. Increased funding for record-keeping and data man- 
- agement, statisticalsupport, and other needs associated with 
_ the clinical trials process can be obtained from both publie and 
< private sources once the widespread lack of knowledge and 
understanding of clinical trials is overcome. Any lingering 
concerns regarding the feasibility of high-quality perfor- 
mance in the community environment have been dispelled by 
the pilot data from several cooperative groups, referred to 
above. It is time to integrate clinical trials for cancer and 
other disorders into our health care delivery system on a 
nationwide basis. 





CONCLUSIONS 


There is overwhelming evidence that clinical trials are vital 
to progress in improving eancer care in this nation. The 








results of these trials are of primary benefit to society in 


gereral, but there are certainly secondary benefits to the 


participants in these studies as well. It is apparent that more 
of us — both the publie and health care professionals —need to 
be :nvolved in clinical trials if progress is to be achieved at an 
appropriate rate. Although there are some unsolved prob- 
lerrs regarding the conduct of clinical cancer treatment trials, 
a major public and professional cancer education effort is the 
real key to our future success. 


Tae author is grateful to a number of colleagues for advice and suggestions 
regarding this report. They include George Hill, MD; George Higgins, MD; 
Beraard Fisher, MD; Charles Coltman, MD; Sam Broder, MD; Michael Fried- 
man, MD; John Durant, MD; Everett Shocket, MD; Ray Lenhard, MD; and J. 
Sheion Horsley, MD. 
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Today’s Hematinic: 
New Importance 
. Undergoing Surge 





A consequence of today's Trinsicon provides the nutrients 
transfusion climate needed to rebuild red cell mass 
[]Many surgeons prefer to tolerate anemia [_]Provides iron as ferrous fumarate — for 
rather than use banked blood products’ optimal iron absorption * 

. [Growing use of autologous transfusions' [Also contains vitamin C, vitamin B12 
may also increase risk of pre- and with intrinsic factor, folic acid, and other 
postsurgical anemia B vitamins 
EIPostsurgical patients have substantially Helps restore cells pre- and postsurgically 


increased requirements for B-complex vita- 
mins, vitamin C, and minerals? 
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Please see Brief Summary of Prescribing Information on adjacent page. 
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INSICON* . BriefSummary 
inic Concentrate with intrinsic Factor. 
 AHighly Potent Oral Aatianemia Preparation 
INDICATIONS AND USAGE: TRINSICON* is. a muti- 
ient of anemias 
g pernicioas 
ane x megaiobia tias and also iron- 
Celiciency anemia. Therapeutic quantities of 
hematopoietic factors thar are known to be important 
ate present in the recommended. daily dose. 
CONTRAINDICATIONS: Hemochromatosis and 
. hemosiderosis are contraindications to- ion therapy. 
- PRECAUTIONS: General: Anemia is à manifestatien 
“that requires appropriste investigatio? ta- determine is 
Cause of causes. Felig acid alone is unwarranted in tire 
treatment of pure vitamin Bio deficiency states, such as 
pernicious anemia, Fore acid may eoscure pernicious 
anemia in that the biocd aeture may revert to normal 
while neurological mar'flestations remain progressive. 
AS with all preparations. containing intrinsic factor, 
resistance may develop i some cases of pernicious 
anemia to the potentiation a! absorption of physiologic 
doses of vitamin Bis. ff resistance cecurs, parenteral 
therapy or oral therapy wit? so-called: massive doses ol 
vitamin Bro may be necessary for adequate treatment of 
ihe patient. No sing’e segimen fits al! cases, and the 
status of the patent obsesied in follow-up is the final 
-.'eriterion for adequacy of taerapy. Periodic clinical and 
--daporatory studies are considered essential and are rec- 
ommended. Pregnancy: Pregnancy Category C: 
. Anima: reproduction studies have nol been conducted 
with TRINSICCN*, It is siso not known whether 
TRINSICON can cause fsa harm when administered to 
a pregsant women or caa:3flect repreduction capacity. 
TRINSICON should be given to a pregnant women oniy 
Jf cleary needed. Nursing Mothers: i! is not known 
zc whether this drug is exereted in human milk, Because 
^. many Crags are excretec ir human miik, caution shouid 
ba exercised when TRINSICON is administered i94 
nursing woman. Pediatris Use: Safety and effective- 
hess iR children below the age 0! 70 have not been 
established. ADVERSE REACTIONS: Rarely. iron im 
therapeutic doses oroduses gastrointestinal reactions, 
Such as diarrhea or coastization, Reducing the dose 
., cand administering it with; meals wit minimize these 
-gHtects in the iron-sensitive patient. i extremely rame 
instances, skin rash suggesting allergy has been noted 
folowing the ora! administration af liver-stomach 
material. Allergic senstizstion has. bsen reported foi- 
lowing both oral and pererieral administration of foli 
acid. OVERDOSAGE: Symptoms: Those of iron 
intoxication, which may include pallor and cyanosis, 
vomiting, Nemalemes s, diarrhea, melena, shock, 
. Crowsiness, and coma. Treatment: For specific ther- 
py, exchange transfusion and chelating agents. Fer 
genera! management, gastric and rectal lavage with 
Sodium bicarbonate soluien or milk, administration of 
intravenous Tuids and electrolytes, and use of oxygen, 
OSAGE AND ADMINISTRATION: One capsule 
-iwice à day. (Two capsules daily preduce a standard 
: fesponse in the average umcomplicated case of perre- 
- Cibus anemia ) P a 
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your recruitment ad, look to 
“Classified Advertising” in AMA publications. 


AMA Specialty Journals are unmatched in providing a targeted 
readership. So, all nine journals — The Archives and AJDC, 
do exactly what ycu want. Each one puts your recruitment 
message in fhe hands of qualified doctors in the specialty you 


are trying to reach 


The cffordable and very efficient "Classified Advertising” section 
in each journal offers a highly visible concentration of wide- 
ronging physician opportunities within each specialty. 

Take your choice, but make that choice an AMA specialty journal 
for physician recruiting. For complete advertising information, 


piease call or write: 





AMA SPECIALTY JOURNALS 


The Media of Choice 


American Journal of 
Diseases of Children 


Archives of Dermatology 
Archives of General Psychiatry 


Archives of Otolaryngology 
-Head & Neck Surgery 


Archives of Pathology 


& Laboratory Medicine. 
Archives of internal Medicine 
Archives of Neurology 


Archives of Ophthalmology 


Archives of Surgery 
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*Achieves 96% favorable clinical response (resolu- 
tion + improvement) of infections due to suscep- 
tible strains of indicated pathogens. See indicated 
organisms in prescribing information. 


tin vitro activity does not necessarily imply a correla- 
tion with in wivo results. 


NOTE: Concurrent administration of ciprofloxacin 
with theophylline may lead to elevated plasma 
concentrations of theophylline and prolongation of 
its elimination half-life. This may result in increased 
risk of theophylline-related adverse reactions. If 
concomitant use cannot be avoided, plasma levels 
of theophylline should be monitored and dosage 
adjustments made as appropriate. 


Antacids containing magnesium hydroxide or 
aluminum hydroxide interfere with the absorption 
of ciprofloxacin, resulting in serum and urine levels 
lower than desired; concurrent administration of 
these agents with ciprofloxacin should be avoided. 


A history of hypersensitivity to ciprofloxacin is a 
contraindication to its use. A history of hyper- 
sensitivity to other quinolones may also contrain- 
dicate the use of ciprofloxacin. 


CIPRO* SHOULD NOT BE USED IN CHILDREN, 
ADOLESCENTS, OR PREGNANT WOMEN. 


See next page for brief summary of prescribing 
information. 





IN LOWER RESPIRATORY INFECTIONS 


CIPRO MAKES A TOUGH 





THERAPEUTIC CHOICE EASIER. 


Cipro* achieved 96% clinical success in pneumonia, bronchitis, and 
bronchiectasis'* —even in patients who: 


m smoke, drink 

m have underlying conditions, such 
as COPD 

s are elderly or immunocompromised 





m live in nursing homes 

m have a history of repeated 
antibiotic use that has proven 
ineffective 





clorotioxacin HC] 


The most potent fluoroquinolone. © 





TABLETS 


ron. 


clorotioxacin HC) 


CIPRO® TABLETS 
(ciprofloxacin HCI) 


BRIEF SUMMARY 
CONSULT PACKAGE INSERT FOR FULL PRESCRIBING INFORMATION 


INDICATIONS AND USAGE 


Cipro* is indicated for the treatment c* infections caused by susceptible strains of the designated microorganisms in 
the conditions listed below 
Lower Respiratory Infections cause by Eschericnia-coli. Klebsiella pneumoniae. Enterobacter cloacae, Proteus 
mirabilis, Pseudomonas aeruginosa Meemophifus influenzae. Haemophilus parainfluenzae, and Streotococcus 
pneumoniae. 
Skin and Skin Structure Infections caused by Escherichia coli. Klebsiella pneumoniae, Enterobacter cloacae, Proteus 
mirabilis, Proteus vulgaris, Providencia stuartii Morganella morganii. Citrobacter freundii, Pseudomonas 
aeruginosa, Staphylococcus aureus Staphylococcus epidermidis, and Streptococcus pyogenes. 
Bone and Joint Infections caused by Enterobacter cloacae. Serratia marcescens, and Pseudomonas aeruginosa 
Urinary Trac! Infections caused by Escherichia coli, Klebsiella pneumomae, Enterobacter cloacae, Serratia mar- 
cescens, Proteus mirabilis. Providencie rettgeri, Moraanella morganii, Citrobacter diversus, Citrobacter freundii. 
Pseudomonas aeruginosa, Staphylococcus epidermidis, and Streptococcus faecalis. 
Infectious Diarrhea caused by Eschenichz coli enterotoxigenic strains), Campylobacter jejuni, Shigella flexneri, * and 
Shigella sonnei* when antibacterial therapy is indicated. 
“Efficacy for this organism in this organ system was studied in fewer than 10 infections. 

CONTRAINDICATIONS 
A history of hypersensitivity to Ciprefiozacin is a contraindication to its use A history of hypersensitivity to other 
quinolones may also contraindicate the vse of ciprofioxacin 


WARNINGS 
CIPROFLOXACIN SHOULD NOT BE USED IN CHILDREN. ADOLESCENTS, OR PREGNANT WOMEN. The oral adminis- 
tration of ciprofloxacin caused lameness in immaturesdogs. Histopathological examination of the weight-bearing 
joints of these dogs revealed permanet lesions of the cartilage. Related drugs such as nalidixic acid, cinoxacin, and 
norfloxacin also produced erosions oficartilage of weight-bearing joints and other signs of arthropathy in immature 
animals of various species (SEE ANIMAL PHARMACOLOGY SECTION IN FULL PRESCRIBING INFORMATION). 
PRECAUTIONS 

General: As with other quinolones, eiyrefloxacin may cause central nervousssystem (CNS) stimulation, which may 
lead to tremor, restlessness, lightheadedness, confusion, and rarely to hallucinations or convulsive seizures. There- 
fore, ciprofloxacin should be used wt» caution in patients with known or suspected CNS disorders, such as severe 
cerebral arteriosclerosis or epilepsy. or ether factors which predispose to seizures (SEE ADVERSE REACTIONS) 

Anaphylactic reactions following the first dose have been reported in patients receiving therapy with quinolones. 
Some reactions were accompanied by cardiovascular collapse. loss of consciousness, tingling, pharyngeal or facial 
edema, dyspnea, urticaria, and itching. Orly a few patiznts had a history of hypersensitivity reaction. Anaphylactic 
reactions may require epinephrine anchother emergency measures. Ciprofloxacin should be discontinued at the first 
sign of hypersensitivity or allergy 

Severe hypersensitivity reactions characterized by rash, fever, eosinophilia, jaundice, and hepatic necrosis with 
fatal outcome have been reported rasesy [less than one per million prescriptions) in patients receiving ciprofloxacin 
along with otner drugs. The possibility “hat these reactions were related to ciprofloxacin cannot be excluded. 
Ciprofloxacin should be discontinued at the first appearance of a skin rash or any sign of other hypersensitivity 
reaction. 

Crystals of ciprofloxacin have been cbserved rarely inthe urine of human subjects but more frequently in the urine 
of laboratory animals (SEE ANIMAL PHARMACOLOGY SECTIONIN FULL PRESCRIBING INFORMATION). Crystalluria 
releted to ciprofloxacin has been reportedonly rarely i» man, because human urine is usually acidic. Patients receiving 
ciprofloxacin should be well hydrated. and alkalinity ofthe urine should be avoided The recommended daily dase 
should not be exceeded. 

Alteration of the dosage regimen is necessary tor patients with impairment of renal function (SEE DOSAGE AND 
ADMINISTRATION). 

As with any potent drug. periodic assessment of ongan system functions, including renal, hepatic, and hema- 

topoiebc function, is advisable during prelenged therapy. 
Drug Interactions: As with ather quinolones, concurrentadministration of ciprofloxacin with theophylline may leadto 
elevated plasma concentrations of theoprylline and prolongation of its elimination half-life. This may result in 
increased risk of theophylline-related adverse reactions. If concomitant use cannot be avoided, plasma levels of 
theophylline should be monitored anc doseage adjustments made as appropriate 

Quinolones. including ciprofloxacin, have also been shown to interfere with the metabolism of caffeine. This may 
lead to reduced clearance of caffaine ard a prolongation of its plasma half-life 

Antacids containing magnesium hycroxce or aluminum hydroxide may interfere with the absorption of ciproflox- 
acin resulting in serum and urine 'evels lower than desired: concurrent administration of these agents with 
ciprofloxacin should be avoided. 

Concomitant administration of the norsteroidal ant inflammatory drug fenbufen with a quinolone has been 
reported to increase the risk of CNS stimulation and convulsive seizures 

Probenecid interferes with the rena: tubular secretion of ciprofloxacin and produces an increase in tha level of 
ciprofloxacin in the serum. This shouldibe considerec if patients are receiving both drugs concomitantly. 

As with other broad-spectrum antibiotics prolonged use of ciprofloxacin may result in overgrowth of nonsuscep- 
tible organisms. Repeated evaluatior of the patient's condition and microbial Susceptibility testing is essential. If 
Superinfection occurs during therapy, enpropriate measures should be taken. 

lor Patients: Patients shculd be advised that ciprofloxacin may be taken with or without meals. The 
preterred time of dosing is two hours after 2 meal Patents should also be advised to drink fluids liberally and not take 
antacids containing magnesium or aluminum. 

Patients should be advised that ciprafloxacin may 5e associated with hypersensitivity reactions, even following a 
Single dose, and to discontinue the drug at the first sign of a skin rash or otherallergiereaction. 

Ciprofloxacin may cause dizziness o: lightheadedness: therefore patients should know how they react to this drug 
before they operate an automobi e or mac^ nery or engage in activities requiring mental alertness or coordination. 

Patients should be advised that cipratlexacin may increase the effects of theophylline and caffeine. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Eight in vitro mutagenicity tests have been conducted with 
ciprofloxacin and the test results are listed below: 

Salmone:la/Microsome Test (Negative) 

E. coli DNA Repair Assay (Negative) 

Mouse Lymphoma Cel! Forward Mutation Assay (Positive) 

Chinese Hamster V79 Cell HGPRT Tes: (Negative) 

Syrian Hamster Embryo Cell Traastermation Assay (Negative) 

Saccharomyces cerevisiae Point Mutation Assay (Negative) 

Saccharomyces cerevisiae Mitotic Crossover and Gene Conversion Assay (Negative) 

Rat Hepatocyte DNA Repair Assay (Positive) 
Thus, two of the eight tests were positve, but the results of the following three in vivo test systems gave negative 
results: 

Rat Hepatocyte DNA Repair Assay 

Micronucleus Test (Mice) 

Dominant Lethal Test (Mice) 
Long-term carcinogenicity studies in "ats and mice have been completed. After daily oral dosing for up to 2 years, 
ther? is no evidence that ciprofloxacin had any carcinogenic or tu morigenic effects in these species. 
Pregnancy— Pregnancy Category C: Reproduction studies have been performed in rats and mice at doses up to 6 
times the usual daily human dose and nave revealed no evidence of impaired fertility or harm to the fetus due to 
ciprofloxacin. in rabbits, as with mas: antimicrobial agents, ciprofloxacin (30 and 100 mg/kg orally) produced 
gastrointestinal disturbances resulting in materna: weignt loss and an increased incidence of abortion. No terato- 
genicity was observed at either dose. After intravenous acministration, at doses up to 20 mg/kg, no maternal toxicity 
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was produced, and no embryotoxicity or teratogenicity was observed There are, however. no adequate and well- 
controlled studies in pregnant women. SINCE CIPROFLOXACIN. LIKE OTHER DRUGS IN ITS CLASS, CAUSES 
ARTHROPATHY IN IMMATURE ANIMALS, IT SHOULD NOT BE USED IN PREGNANT WOMEN (SEE WARNINGS) 
Nursing Mothers: It is not known whether ciprofloxacin is excreted in human milk; however, it is known that 
ciprofloxaein is excreted in the milk of lactating rats and that other drugs of this class are excreted in human milk 
Because of this and because of the potential for serious adverse reactions from ciprofloxacin in nursing infants, a 
decision should be made to discontinue nursing or to discontinue the drug, taking into account the importance of the 
drug to thesmother 
Pediatric Use: Patients under the age of 18 were not included in the clinical trials of ciprofloxacin because ciprofloxacin 
as well as ather quinolones causes arthropathy in immature animals Ciprofloxacin should not be used in children or 
adolescents (SEE WARNINGS) 
ADVERSE REACTIONS 
Ciprofloxac.n is generally well tolerated During clinical investigation, 2,799 patients received 2,868 courses of the 
drug. Adverse events that were considered likely to be drug related occurred in 7.3% of courses. possibly related in 
9 2". and «emotely related in 3.0% Ciprofloxacin was discontinued because of an adverse event in 3.5% of courses. 
primarily involving the gastrointestinal system (1.5%), skin (0.6%), and central nervous system (0 4%) Those events 
typical of quinolones are italicized 
The mos: frequently reported events, drug related or not, were nausea (5.2%), diarrhea (2 3%), vomiting (2 0%). 
abdominal pain: discomfort (1 7%), headache (1.2%), restlessness (1 1%), and rash (1 195) 
Additional events that occurred in less than 1% of ciprofloxacin courses are listed below. 
GASTROINTESTINAL: (See above). painful oral mucosa. oral candidiasis, dysphagia, intestinal perforation. 
gastreintestinal bleeding 
CENTRAL NERVOUS SYSTEM: (See above), dizziness. lightheadedness. insomnia, nightmares, hallucinations, 
man reaction, irritability, tremor, ataxia, convulsive seizures. lethargy, drowsiness, weakness, malaise, 
anorexia, phobia, depersonalization. depression, paresthesia 
SKIN. HYPERSENSITIVITY: (See above). pruritus. urticaria. photosensitivity, flushing, fever. chills, 
angioedema, edema of the face, neck, lips. conjunctivae or hands. cutaneous candidiasis, hyperpigmentation, 
erythema nodosum. 
Allergic reactions ranging from urticaria to anaphylactic reactions nave been reported (SEE PRECAUTIONS) 
SPECIAL SENSES: blurred vision, disturbed vision (change in color perception. overbrightness of lights) 
decreased visual acuity. diplopia, eye pain, tinnitus, hearing loss, bad taste 
MUSCULOSKELETAL: joint or back pain, joint stiffness, achiness. neck or chest pain, flare-up of gout 
RENA_ UROGENITAL. interstitial nephritis. nephritis. renal failure. polyuria, urinary retention, urethral bleed- 
ing. vaginitis, acidosis 
CARDIOVASCULAR: palpitations, atrial flutter, ventricular ectopy, syncope, hypertension. angina pectoris. 
myocardial infarction, cardiopulmonary arrest, cerebral thrombosis 
RESPIRATORY: epistaxis. laryngeal or pulmonary edema. hiccough. hemoptysis, dyspnea, bronchospasm, 
pulmenary embolism 
Most of the adverse events reported were described as only mild or moderate in severity, abated soon after the drug 
was discontinued, and required no treatment 
Insevera instances, nausea, vomiting, tremor, restlessness, agitation. or palpitations were judged by investigators 
lo be related to elevated plasma levels of theophylline possibly as a result of a drug interaction with ciprofloxacin 
Other adverse events reported in the postmarketing phase include anaphylactoid reactions, Stevens-Johnson 
syndrome. exfoliative dermatitis, toxic epidermal necrolysis, hepatic necrosis. postural hypotension, possible exac- 
erbation of myasthenia gravis, contusion, dysphasia, nystagmus, pseudomembranous colitis, dyspepsia, flatulence, 
and constipation. Also reported were agranulocytosis: elevation of serum triglycerides, serum cholesterol, blood 
glucose, serum potassium; prolongation of prothrombin time: albuminuria; candiduria, vaginal candidiasis. and renal 
calculi (SEEPRECAUTIONS) 
Adverse Laboratory Changes: Changes in laboratory parameters listed as adverse events without regard to drug 
relationship 
Hepatic—Elevations of ALT (SGPT) (1.9%), AST (SGOT) (1.7%). alkaline phosphatase (0 8%), LDH (0 4%), 
serumrbilirubin (0.3%) 
Cholestatic jaundice has been reported 
Hematologic—Eosinophilia (0 6%), leukopenia (0 4%), decreased blood platelets (0 1%), elevated blood 
platelets (0.1%), pancytopenia (0 1%) 
Renal— Elevations of: Serum creatinine (1.1%), BUN (0.9%) 
CRYS:ALLURIA, CYLINDRURIA, AND HEMATURIA HAVE BEEN REPORTED 
Other changes occurring in less than 0. 1% of courses were: Elevation of serum gammagiutamy! transferase, elevation 
of serum amylase, reduction in blood glucose, elevated uric acid. decrease in hemoglobin, anemia, bleeding 
diathesis. increase in blood monocytes, and leukocytosis 
OVERDOSAGE 
Informationzon overdosage in humans is not available. In the event of acute overdosage, the stomach should be 
emptied by ducing vomiting or by gastric lavage. The patient should be carefully observed and given supportive 
treatment. Adequate hydration must be maintained Only a small amount of ciprofloxacin (- 10%) is removed from 
the body after hemodialysis or peritoneal dialysis 
DOSAGE AND ADMINISTRATION 
The usua! adult dosage for patients with urinary tract infections is 250 mg every 12 hours. For patients with 
complicated infections caused by organisms not highly susceptible, 500 mg may be administered every 12 hours 
Lower respiratory tract infections, skin and skin structure infections. and bone and joint infections may be treated 
with 500 ma every 12 hours. For more severe or complicated infections. a dosage of 750 mg may be given every 12 
hours 
The recommended dosage for infectious diarrhea is 500 mg every 12 hours 
In patients with renal impairment, some modification of dosage ıs recommended (SEE DOSAGE AND ADMINIS- 
TRATION SECTION IN FULL PRESCRIBING INFORMATION) 
HOW SUPPLIED 
Cipro* (ciprofloxacin HCI/ Miles) is available as tablets of 250 mg, 500 mg, and 750 mg in bottles of 50 and in Unit- 
Dose packages of 100 (SEE FULL PRESCRIBING INFORMATION FOR COMPLETE DESCRIPTION) 
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o o ‘Although battle surgeons had débrided small bits of liver 

protruding through wounds since ancient times, formal entry 
into the peritoneal cavity to staunch hemorrhage due to trauma 
or to remove tumors or drain cysts had to await the advent of 
general anesthesia and antisepsis. After a burst of pioneering 
activity from 1880 to 1910, little progress was made until after 
World War E. in the last 40 years, remarkable advances have been 
made in the techniques of liver resection, our understanding of 
liver diseases requiring operation, and our ability to support 
patients though major resections. Liver transplantation epito- 
mizes the challenges that can now be accepted, and its success 

< = augurs wel for an increase in liver operations in the future. 

w^ A (Arch Sung. 1991 ;126:381-387) 








E : “When the liver is wounded, much blood commeth out.” 
Ambrose Paré’ 


he liver confounds the surgeon’s dependence on anatomy. 

Hidden beneath the ribs, it harbors disease and silently 

grows tumors, often to enormous size, before they ean be 

appreciated by the patient or by the fingers of an expert 

examiner, Its surface anatomy is deceptive and treacherous 

c. in that its only obvious plane leads into, rather than away 

from, one of its largest blood vessels. Its internal anatomy is 

= mo more trustworthy. No bloodless planes exist, as its com- 

—.. plex inflow and outflow tracts eross at right angles. The 

.. histologic simplicity of this large organ belies its metabolic 

-complexity and the still-unsolved mysteries of its enormous 
-and variable blood flow. 

_ The liver was one of the last organs of the body to yield to 

- the te rape 4 advances i in purger ila the last half of the 19th 



















nar bas Mesue can i be pei] However, every 
20n who enters the abdomen must know something of the 
because it may present a surprise finding at celiotomy 
lay reveal to the radiologist a lesion demanding a decision 

ne surgeon for treatment, or blunt or sharp trauma may 
demand immediate repair to save a life. 

Progress in the last 30 years in our imaging and. under- 
standing of liver disease has been enormous. Our ability to 
safely operate on the liver has also recently expanded with 
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History of Liver Surgery 





increasing experience and new techniques. However, a£ with e 
most things in life and surgery, a careful review shews a — 
prolonged and steady evolution, to which our ancestors con- ——. 
tributed more than what we usually credit them withtocay A — 
look back at the beginnings of liver surgery may put recent — 
advances into perspective. It has been only 100 years since — 
the first elective liver resection was performed. qs 

The history of liver surgery is divided into three rather |. 
distinct periods: the first, from ancient times untilabout 1880; | 
the second, from 1880 through World War II; and the third, — D 
the last 40 years. Perhaps a more suitable landmark for the Uc 
beginning of the modern period would be 1963, when the first D 
human liver transplantation was performed. x 


THE ANCIENT PERIOD 


The Assyrian and Babylonian cultures of 2000 to 3000 BC 
used the livers of sacrificed animals to divine the future,a 
practice that spread to Greece and Rome and continued into __ 
the Christian era. Cicero and others augured the wisdom of 
the reigning Caesar's policies by examining the surface mark- "i 
ings ofthe livers of freshly killed sheep and goats. v 

There is no evidence that the Egyptians used this practice, — — 
but they did embalm their pharaohs, carefully preserving S 
selected internal organs, including the liver, in a separate jar 
placed beside the mummy. This practice led to tolerance of 
human autopsy, which allowed the Greek-dominated school at 
Alexandria to continue dissecting the human body at a time 
when it was strictly proscribed throughout the rest of the 
Greek and Roman civilizations that dominated Western eu- 
ture for so many centuries. 

Hippocrates, without the benefit of autopsy confirmation, 
learned a great deal about human disease by careful observa- 
tion. He recommended incision and drainage of liver abscess- 
es with a cautery or knife; however, one wonders how large. 
his series was and whether pus released ?rom beneath the 
margin was from the liver or rather from an empyema 
gallbladder. Celsus, the Roman nonphysician of the first e 
tury AD who was such a great encyclopecist, documented t 
anatomic findings of the Alexandrian schoolied by Herephilus ; 
of Chalcedon and Erisastratus of Chios. He deseribed the. 
débridement of exposed liver after war wounds were inflict- 
ed. Galen, the Greek who went to Rome in the second century 
AD to become physician to the emperors, carried out remark- 
able research projects, including the dissection of many spe- — 
cies of animals, including primates, but excluding humans. 

He recognized the central importance of the liver in absorp- 
tion and digestion and thought it manufactured the blood, 
























Liver Surgery —Foste: E | 


which then percolated out to the periphery. His knowledge 
was so great, his work so encompassing, and his writings so 
prolific that their preeminence inhibited further medical pro- 
gress for 18 centuries. Paulus Aegineta shed a little light 
during those dark times by publishing six volumes during the 
seventh century AD in which he described the débridement of 
portions of liver protruding from spear and arrow wounds. 
Whether he was simply repeating the advice inscribed by 
Celsus and passed on by Galen or whether he actually did this 
himself is not clear. His writings resemble some of those of 
today in that they publicize concepts and techniques without 
mentioning numbers or results. 

Medicine stagnated until the beginning of the Renaissance. 
In the early 1500s, the church permitted dissection of exeeut- 
ed criminals. Vesalius then challenged some of Galen’s con- 
cepts with direct observation of human anatomy. The prag- 
matic intellizence and keen observation of Ambrose Paré not 
only advanced our knowledge of the treatment of war wounds 
to the liver, but also advanced the status of surgery and 
surgeons. Harvey's monumental description of circulation in 
1628 accurately described the circular motion of the blood 
pumped by the heart, but he had little understanding of the 
liver's place in this grand scheme. 

His young colleague Francis Glisson, of Cambridge (Eng- 
land) University, spent 10 years studying the liver and its 
circulation before publishing Anatomia Hepatis in 1654" (Fig- 
ure). He cooked human liver for 1 hour, then meticulously 
teased the cooling parenchyma off the vessels with small 
sticks. He also demonstrated circulation by attaching a siphon 
to the portal vein and perfusing the liver with a milky fluid 
compressed from an ox bladder. The liver turned dusky 
white, and the fluid exited into the inferior vena cava. Glisson 
had no microscope, but he correctly predicted the presence of 
tiny vascular channels connecting the portal and hepatic ve- 
nous systems. 

The explosion of inquiry and experimentation in all aspects 
of the culture that characterized the 17th and 18th centuries 
brought with it many advances in medieine, but true progress 
in abdominal surgery had to await the development of anes- 
thesia and antisepsis. The advent of anesthesia in the 1840s, 
the microbiologic research of Pasteur and its clinical applica- 
tion by Lister in the 1860s, and the remarkably rapid growth 
of experimental as well as clinical medicine and surgery in the 
last three decades of the 19th century set the stage for the 
first deliberate approaches to the surgical treatment of liver 
disease. 

After Paulus Aegineta, others had débrided bits and pieces 
of liver prolapsing through war wounds. MacPherson’ cited a 
1688 report of the foreeps removal of a small bit of liver after a 
sword wound. In 1716, Giovanni Berta’ of Italy successfully 
débrided prolapsed liver 1 day after a madman had stabbed 
himself with a knife. McPherson suture-ligated and excised a 
small piece of liver from the spear wound of an aged Hindu in 
1846 (presumably in India).' John Thompson’ documented 12 
liver wounds after the battle of Waterloo, and some of these 
patients survived —perhaps in spite of medical care. In 1888, 
Carl Garré noted that his chief, Victor von Bruns of Breslau, 
Germany, during the last days of the Franco-Prussian war 
(1870-1871), removed a nut-sized piece of prolapsed liver from 
a midline exit wound eaused by a gunshot. The soldier re- 
joined his regiment within 2 months. None of these efforts 
included formal entry into the abdomen, but the stage was 
set. Table 1 documents the accelerating pace of associated 
events in the last half of the 19th century. 

In 1879, Tillmans’ reported experimental studies on liver 
resection. He realized that cauterization alone was not ade- 
quate for the larger vessels, and he noted regeneration of 
animal livers after major resection. In 1880, Lawson Tait,” a 
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Top, Drawing from Anatomia Hepatis by Glisson.* Bottom, Injection- 
corrosion cast of the venous compartments of the human liver (J. 
Foster, 1960). 


Table 1.— The Accelerating Pace of Events Important to Liver 
Surgery (1846-1888) 


Ether anesthesia introduced 

Pasteur's report on bacterial fermentation of wine 

Lister writes about antisepsis 

Pasteur discovers streptococci, staphylococci, and 
pneumococci 

First successful gastrectomy (Billroth) 

First successful cholecystectomy (Langenbuch) 

First human colon anastomosis (Billroth and Senn) 

Pancreas excised for cancer (Billroth) 

Fitz describes appendicitis 

Steam sterilization introduced (von Bergmann) 

First elective liver resection (Lius) 

First successful elective liver resection (Langenbuch) 

First successful laparotomy for repair of traumatic liver 
injury (Willet) 





Birmingham, England, gynecologist who was skeptical about 
the benefits of antisepsis, entered the abdomen to drain an 
Echinococcus cyst of the liver. He then sutured the cyst wall 
to the abdominal wall. He repeated this (as did others) during 
the next few years, but made no attempt to excise cyst or liver 
tissue. In an 1888 report, Garré’ credited von Bruns with the 
excision of a pea-sized metastatic tumor from the edge of the 
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— liver witha cautery in a wasted 50-year-old man with diffuse 
abdomina! carcinomatosis, but no date was provided “or this 
“operation. 
-. The first reasonably well-documented report of deliberate 
ntry into che abdomen to resect a liver tumor was by A. Lius 
-of Italy.’ Oa January 15, 1886, he removed a mass the size of a 
° 1-year-old child's head that hung down on a pedicle from the 
- edge of the left lobe of the liver of a 67-year-old woman. 
Although this 15.5 x 13 x 11-em mass was called an adenoma 
by the pathologist, the description of a yellow-white, septat- 
ed, and ereapsulated tumor is more suggestive of a carcinoma 
or an invcluting hemangioma. Lius tried to suture the stump 
of the severed pedicle to the abdominal wall, but failed. The 
stump was returned to the abdomen where it continued to 
bleed; the patient died 6 hours later. | 
The first successful, deliberate resection of a solid liver 
tumor was probably performed by Carl von Langenbuch, " of 
Berlin, Germany, the same bold surgeon who performed the 
first successful cholecystectomy 5 years earlier. On January 
.18, 1887, he removed a 370-g pedicled tumor hanging from the 
left lobe of a 30-year-old woman who had had 8 years of 
discomfor: in her abdomen following the birth of her first 
child. The tumor was thought to be the result of eompression 
by tight eorsets several years before, but one wonders 
whether i was not a liver cell adenoma or a focal nodular 
hyperplasia. 
Langenbuch credits some of his courage to von Hacker of 
Vienna, Austria, who (with Billroth) was said to have resect- 
ed a Ried3l's lobe from the right lobe of a liver the previous 
year. However, von Hacker's 1886 report" suggested that 
their tumor was fixed to the anterior abdominal wall, and 
0 probably not resected. In any ease, Langenbuch transfixed 
"the pedice of his patient's tumor with several sutures and 
| then eut cff the tumor, returning the stump to the abdomen. 
—. v That evering, the patient fainted and had to be returned to 
the operating room for control of hemorrhage. After a long 

- and diffiealt postoperative course, she eventually recovered 

and did wall thereafter. 
Duringthe next 10 or 15 years, other European surgeons at 
several centers performed operations on the liver. Trauma 
was more prevalent than tumor. In 1887 Edler" reported a 
66% morality rate in a series of patients suffering liver 
trauma. 13 France in 1896, emergency laparotomy for trauma 
to the liver was followed by a 31% mortality rate,” while a 
1905 report by Tilton’ from the United States reported a 44% 
mortality: 
The techniques used to either control hemorrhage or resect 
liver were largely based on transfixing sutures and cauteriza- 
tion. The experimental studies of Kousnetzoff and Pensky" 
. .'. and Auvray” formed the basis for the control of hemorrhage 
« v. fer the next six or seven decades. Large, often interlocking 
C] mattress sutures were placed with blunt needles. They very 
often cut through soft liver parenchyma, so plates of whale 
bone, cal? scapula, metal, and other materials were used as 
bolsters. When the transected stump could be brought out or 
fixed to the abdominal wall, this was done, often by the 
ingenious use of knitting needles, hat pins, or whatever else 
was handy. Benign and malignant tumors were resected, 
eysts and abscesses were drained, lacerations were sutured, 
and enthusiasm spread to the New World. 
L. MeLane Tiffany" of Baltimore, Md, has been credited 
with the first liver resection in the United States, but his 
. Short 189) report tells of the scissors débridement of a walnut- 
-sized mass of biliary calculi and debris from the edge of the left 
obe in a 25-year-old man with a 4-year history of chills and 
2v Vtether he actually resected any liver parenchyma is 
loubtfuül However, his lack of personal experience did not 

p him from publishing another report" in 1890 in which he 
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expressed confidence and enthusiasm about liver resection. 

The first successful formal resection of a liver tumor in the 
United States was probably done by William Williams Keen of 
Philadelphia, Pa, in the fall of 1892. Keen was a giant of 
American surgery. He was chairman at Jefferson Medical 
College, Philadelphia, then one of the most prestigious 
schools in the United States. In 1893, he was asked to help 
with President Grover Clevelands secret maxilla resection 
for cancer. Eventually, Keen became president of the Ameri- 
can Surgical Association and the American Medical Associa- 
tion. He died in 1932 at age 95 years, the “Dean of American 
Medicine." He performed three liver resections in the 18908 
and published three reports,” each with an annotated list of 
the world's experience to date. Each list was compiled by a 
different assistant, and they provide the most thorough re- 
cord we have of those early years. The third and final report” 
listed 76 liver operations, but neglected that of Lius and 
perhaps others. Most of these operations were done for be- 
nign disease (eg, luetic gumma or echinococcal cyst), but at 
least 30 were probably performed for solid tumors. 

Keen's first patient was a 31-year-old woman, thought to 
have a floating kidney, who, at laparotomy, was found to have 
a 8.75-cm cystadenoma hanging from the right lobe." He 
discovered early that the cautery led him into trouble, and he 
used his thumbnail to complete the disseetion. The patient 
was kept in bed for 3 weeks, discharged 42 days after the 
operation, and lived at least 7 years thereafter, presumably 
cured. In 1897, Keen resected a 7.5-em hemangioma from his 
second patient by looping a rubber tube around the pedicle 
and bringing the tumor out onto the abdominal wall. Six days 
later, the tube was removed, the pedicle was transected, and 
the necrotic tumor was removed “without the loss of a drop of 
blood.” Recovery was uneventful, and long survival fol- 
lowed.” His third patient had a primary carcinoma of the left 
lobe of the liver, which was removed witheut incident using 
five catgut ligatures and the cautery, but the patient died of 
recurrent disease 5 months later.” 

Liver resections were performed and reported from many 
centers in the Western world during those exciting decades 
after 1880, but the initial enthusiasm seemed to subside after 
World War I. Perhaps the results of tumor resection were too 
dismal or the complications that followed the use of mattress 
sutures and the cautery were too great. Or, perhaps, the 
journals tired of publishing case reports, and no one surgeon 
had experience with more than a few cases. Without any 
means to image the liver, without blood banks and intensive 


care units to support the patient, and without modern anes- D 


thesia, major liver resection was an enormous and courageous 
undertaking. As late as 1963, Alexander Brunschwig” report- 
ed a 50% mortality after eight right lobectomies and an 18% 
mortality after 16 left lobectomies. 

Although we can decry this high mortality, we can admire 
the persistence of these early resectionists. Some insensitiv- 
ity must have been a vital part of the courage it took to 
advance surgery. Without bold, sometimes brash efforts, or 
without neglect of some of the moral and ethical ramifications 
of pioneering operations, we might never have developed 
operations on the heart, brain, or liver. Courage may accom- 
pany a lack of wisdom, but perhaps wisdom brings with it a 
diminution in courage. We should not dwell too long on that 
dilemma, else we might stop operating. 


THE MODERN PERIOD 


Four factors eombined to allow the resurgence of opera- 
tions on the liver that began about 1950. First, the lessons of 
World War II in handling liver trauma increased our confi- 
dence in controlling bleeding. Second, more attention was 
paid to inflow and outflow control, with specific ligation of 
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_ Vessels gradually replacing g 
ability to carry a patient through a difficult operation in- 
 €reased exponentially with breakthroughs in metabolic, he- 
. modynamic, and respiratory support. Last, Hugh Edmand- 
Son" sorted out the pathology of these rare tumors by 
. colleeting cases from many sources. His monumental achieve- 
ment still forms the 5asis of our understanding of both benign 
and malignant liver tumors. 
(NATOMIC RESECTION 


Much of today’s success in elective liver resection relates to 
_ careful attention te the vascular anatomy of the inflow and 
outflow tracts. So-ealled anatomic resection has replaced 
_ Wedge excision for all but the most peripheral lesions, Mat- 
-tress sutures and the cautery have given way to discrete 
ligation of specific vessels and blunt dissection of liver 
parenchyma. 
The vascular anatomy of the liver was elearly outlined in 
-- 1654 by Glisson, but ignored thereafter until rediscovered 
. and clarified in 1888 by Rex" in Germany and Cantlie® in 
- England in 1897. Table 2 lists others" whose rediscoverv of 
, andreemphasis on the internal anatomy of the liver paralleled 
. and provoked renewed interest in liver surgery. The segmen- 
tal classification of Couinaud? in France in 1954 and the 
technologic advances in Japan from 1980 to the present (eg, 
ultrasonographic devices) were important contributions that 
_ have promoted ever more selective and limited resections 
vo without risk to the remaining liver. 
| e Any description of the development of control of the hilar 
. . vessels of the liver would be incomplete without a mention of 
the intrepid J. Hogarth Pringle of Glasgow, Scotland. His 
1908 report” described eight patients with liver hemorrhage 
from trauma. Three died before operation, one refused opera- 
tion, and of the four who did undergo laparotomy, two died on 
the operating table and two died shortly thereafter. During 
this dismal experience, Pringle conceived the idea of digital 
control of the hilum and found that it heiped, although appar- 
ently not enough. He took the idea to the experimental labora- 
tory, found it to be successful in three rabbits, and then 
published his fameus report. 
Many texts credit the Frenchmen Lortat-Jacob and Rob- 
ert” with doing the first “anatomic” resection of the liver in 
1952, but their work was preceded by that of many others. In 
1909, Von Haberer™ of Germany ligated the left hepatic ar- 
tery before resecting the left lobe (probably the left lateral 
|... segment) of a boy with a large cystic tumor. In 1910, Wendell" 
|. deliberately and successfully tied off the right hepatic artery 
. . and right hepatie duct before resecting a large “adenoma” 
; from a 44-year-old woman. He feared the extension of throm- 
..bosis if he ligated the right portal vein and therefore tied 
_ branches of this vessel when he came to them. Before World 
War H, Caprio” and Pettinari" resected left lobes after hilar 
_ ligation. As early as 1939, Meyer-May and Tung“ ligated 
specific vessels within the liver parenchyma when they en- 
countered them in their so-called controlled resection. In 
1944, Donovan and Santulii" specifically tied off the left he- 
patic artery, left hepatic duct, and left portal vein in the liver 
- hilum before resecting a sarcoma from a 7-year-old boy. In 
. 1945, Hershey" did the same for a patient in Wheeling, WVa. 
-. Honjo and Araki“ may have performed an anatomic right 
~ lobectomy for metastatic carcinoma in Japanin 1949, but their 
_ Case was not reported until after that of the French surgeons. 
-In 1952, Lortat-Jaccb and Robert did indeed perform what 
. mày have been an extended right lobectomy in a 42-year-old 
- Woman with multiple metastatic lesions. The patient appar- 
ently recovered from the operation, but there was no late 
“follow-up information available about her future course. In 
. the same year, the Quattlebaums (father and son), of Augus- 
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rosser techniques. Third, our 


Table 2. — Important Contributions to our Understanding of 
the Surgical Anatomy of the Liver (1 927-1966) 










Mcindoe and Counseller* 
C. H. Hjortsjó* 

1952 Elias and Petty” 

1953 Healey and Schroy? 

1954 . C. GCouinaud* 

Goldsmith and Woodburne™ 
Michels% 









ta, Ga, resected the right lobe of a 65-year-old woman after 
hilar ligation for primary liver carcinoma. That patient died 19 
months later of recurrent disease.“ 

Many other major lobectomies followed in swift order. 
Brunschwig,” Pack et al,“ and others at Memorial Hospital, 
New York, NY, Longmire and Marable” in Los Angeles, 
Calif, and McDermott et al^ in Boston, Mass were among 
those who pioneered major elective resection in the United 
States during the 1950s. During the same period in Asia, Ong 
and Leong™ of Hong Kong, Balasegaram of Malaysia,” Tung 
of Hanoi," Honjo and Mizumoto" of Japan, and Tang et al? of 
Shanghai attempted to cure patients with primary liver carci- 
noma by resection in spite of the high incidence of associated 
eirrhosis. That their perioperative mortality was so low testi- 
fies to their great skill in patient care. That the long-term 
survival of their patients was so low testifies to the lethality of 
primary liver carcinoma in the area in which the disease was 
probably endemic and often associated with chronic active 
hepatitis due to the hepatitis B virus. 

The 1950s produced a burst of enthusiasm for more exten- 
sive operations to cure cancer. Neck, axillary, groin, and 
pelvic dissections were extended, with the latter extending as 
far as the hemicorporectomy. That ardor has cooled in subse- 
quent decades as discouraging, even humbling, results oc- 
curred and as patients’ rights and concerns entered the equa- 
tion. However, the liver was partially excluded from the 
trend away from larger resection because of its ability to 
regenerate. As we learned more about metabolic support, it 
became possible to successfully remove 75% to 80% of the 
noncirrhotic liver. McDermott et al,“ Pack and Molander,” 
Lin and Chen,” and others have characterized the derange- 
ments attendant on massive liver resection, many of which 
may have been due to shock, massive transfusions, hypoten- 
sion, and other consequences of any dangerous and uncon- 
trolled operation rather than to the removal of liver parenchy- 
ma perse. 


TECHNICAL TOOLS 


Giuseppe Zambeccari" of Italy successfully resected liver 
lobes in dogs in 1680, but he undoubtedly simply tied off one of 
the already well-lobulated segments with a stout ligature. 
The end of the 19th century saw the development of mattress 
sutures, which held sway until the 1950s. A few attempts 
were made at specific hilar control of vessels and ducts, but 
internal anatomy was largely ignored. The pioneers thought 
that the liver could not tolerate total occlusion of vascular 
inflow for more than a few minutes. Early experimental work 
and some bedside experience seemed to confirm this. It was 
not until 1978 that the French showed that the human liver 
might survive for up to 60 minutes of hilar clamping," knowl- 
edge that has comforted many a latter-day surgeon in desper- 
ate circumstances. Other attempts to improve vascular con- 
trol of inflow and outflow included isolation and hypothermic 
perfusion by Bernhard et al* and Fortner et al * and aortic 
clamping by Heaney et al." In 1968, Shrock et al” described a 
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hnique of: eaval control in cases in which there was rupture 
he great vessels posteriorly. Although these imaginative 
gymnastic measures have merit, it has been difficult to 
they have made a difference in the survival of 
enough to need them. 
es and tools for the division of liver parenchyma 
olving. Cautery and cold steel were reasonably 
ve in controlling hemorrhage from transected liver 
ne placement of mattress sutures. They are quite inef- 
without some sort of prior vascular control. Lin et al” 
. of Taiwan ave often been given credit for devising the finger- 
fracture » technique, although Anschutz” of Germany de- 
| scribed itin 1903. One must also remember that Keen used his 
thumbnai in 18&2. Ogilvie“ used the blunt end of a hemostat 
in 1951, and Quattlebaum“ used the blunt end of a scalpel to 
_. define anc delimit the subtle difference in resistance between 
~. the thin-walled blood vessels and liver parenchyma. The 
_~ blunt suction tip and ultrasonic dissectors used by most sur- 
|. geons today exploit this same difference. Both techniques are 
^. partially based on prior success by neurosurgeons with the 
similarly zmorphous soft tissue of the central nervous sys- 
tem. The role of lasers remains unclear. My bias is that the 
refinemerz of the proximal end of the chosen instrument is 
ideratly more important than refinement of the distal 














Many sergeons have used large clamps for liver resection. 
In the late 19th century, clamps were often left in place and 
removed cays after the operation if the patient survived. 
More recently, Lin,” Storm and Longmire,” and others have 
promoted the use of large partially occluding clamps to be 
applied during parenchymal transection. I have found them 

_.. unnecessary for peripheral lesions and hard to apply for cen- 

** tral ones. The inferior vena cava is often in the way, and the 

v 5 damps teed to cut through normal liver tissue when tightened 

|. sufficieny to staunch hemorrhage. Perhaps they are more 
| suitable for the eirrhotic liver. 

Other recent technical innovations include intraoperative 
ultrasonography to define the vascular anatomy and to identi- 
fy occult zumor deposits (Makuuchi"), eryosurgery probes 
through which liquid nitrogen freezes tumor deposits (Zhou 
et al^), ard multiple hemostatic powder sprays and g-ues, all 
of which show promise in the laboratory. Whether they will 
make a differenee in the care of humans remains to be seen. 


INDICATIONS FOR LIVER SURGERY 
AND RESULTS ACHIEVED 


- . During the 40 years of the "modern period,” the evolution- 
Wc ary ehange in indications for operations on the liver has 
paralleled improvements in operative technique and perio- 
-perative support as well as a better understanding of the 
— biology and pathology of liver disease. Most importar, insti- 
-tutional and collective reviews have better defined the results 
achieved. Perhaps it is too scon to include the contributions of 
those still working in the field ina “history,” but so much of 
what we do today was not done even 15 years ago that.a few of 
the still-aetive innovators and innovations deserve mention. 
Table 3 lists milestone reports.” Such an arbitrary collec- 
tion inevitably cmits many names and contributions that have 
proven or will prove to be important. Apologies are due those 
not ment:ened. 


HUMAN LIVER TRANSPLANTATION 


. The founders of this new field are still with us and are still 
ading the charge. We are too close to the beginnings of 
iser transplantation to have any perspective. Total 
omy with orthotopic liver transplantation may be the 
lifficult cperation ever devised, both technically and 

gically. The field is ehanging with enormous rapidity 
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Table 3. — Milestones in the History of Liver Surgery, | 
Important Reports 


Condition 
Biliary atresia 


Ladd,” 1928, Kasaivet al,” 1959, 
iwatsuki et ai," 1984 

Paschal,” 1879, Pagers,” 1922, . 
Ochsner, 1938; DeBaker anc 
Ochsner 195t 

Cysts Boyd,” 1913, Beattie and — L 

Geist; *- 1985 a m 


Liver abscess 


Robertson, 1932. 

von Eiselberg,* 1893, 
1942, Trastek," 1983 

Begg. and Berry 498 Dus 
Baum etal 1973, 
Foster 1977, 
Rooks et ai,™ 1979 

Lücke,” 1891, Yeomans," *909, 
Brunschwig, 1954, Lin et al,** 
1960, Longmire:et al," 1961, 
McDermott et ai? 1966, 
Ong et al, 1963. 
Ei-Domeiri et al 1971, 
Adson et al," 1974 

Cattell’ 1940, Brunschwig 19933, 
Woodington et 4E** 1963, 
Flanagan et al,** 1967, 
Wilson et al,» 1976 

Willet, 1888, Terrier et ai, 1895, 
Titon," 1905, Th5le," 1812, 
Madding et ai, 1946, Madding 
et al, 1971 

Sheinfeld,'*? 1947, Pack et al,“ 
1955 


*FNH indicates focal nodular hyperplasia, and LCA, liver cell acenoma. 


Hemangioma 


FNH and LCA* 


Primary liver cancer 


Metastatic cancer 


Cancer of the gallbladder 





with the introduetion of new methods for preservation and E 


immunosuppression. Yesterday, bile duet manipuiation was a 
the way to treat patients with primary sclerosing cholangitis, 
and portosystemic shunt was performed in ezrrhotie patients — 
with portal hypertension. Tomorrow, both conditions wil _ 


almost certainly be treated with hepatectomy and 


transplantation. iS 

Human transplantation began less then 30 years age. The __ 
mid-1950s saw methods developed by Welch “and Camon" = 
and then by groups led by F. D. Moore" in Boston and 
Starz!“ in Chicago, Ill. The first human liver transplantation 


was performed on March 1, 1963, by Starz! and associstes in 


Denver, Colo. They removed the liver of a 3-year-olc child |. 
with biliary atresia and replaced it with that of another 3- 
year-old child who had died during an operation. The denated 
liver was ischemic for 7 hours before revascularization, and - 
the recipient died on the operating table of continued hemor- 
rhage. The Denver group performed four more human liver 
transplantations in 1963, and Moore and associates attempted 
another at the Peter Bent-Brigham Hospital in Bostan that 
same year. The longest suvival was but 28 days, but a start — 
had been made.” : 
Calne began a liver transplantation program in Cambridge, E 
England, in 1968. By January 1971, the American Cobege of 
Surgeons/National Institutes of Health Organ Transplan 
Registry had counted 102 orthotopic liver transplantations 
Only 12 of these patients were still alive, with the longest - 
survival being 29 months. "" Progress continued, but growth 
was slow in the 1970s. With the introduction of cyclesporine in - 
1980, an exponential expansion occurred. More than 1000 - 
liver transplantations are now performed each year, and i : 
year survival rates approach 60% to 80%. ; 


CONCLUSIONS 


Schwartz, Chen and Chen,” and others” have provided. 
more complete and detailed information abcut the history o 
liver surgery. Their reviews are strongly recommended to- 
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the interested student. I wi 
impressions and predictions: 


something about the liver, ie, how to slow hemorrhage in an 
emergency situation, how to diagnose disease, and how to 
determine resectability. 

2. With the advert of trauma and tertiary care centers, 
most surgeons will never perform a majer liver resection after 
they complete their resiceney training. This is probably as it 
should be. Major resection is performed much more safely by 
those with experienee. 

3. Leadership in the evolution of elective liver surgery for 
tumor has recently shifted to West Germany and Japan for a 
variety of reasons. Segmental resections are being performed 
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il end this brief review with a few | 


1. Every surgeon who operates in the abdomen must know - 





with high levels of technology and consummate skill, allowing 
preservation of maximum amounts of liver, 

4. Total hepatectomy with transplantation will be per- 
formed more often than limited resection for tumor and dif- 
fuse disease. 

9. The next generation will look back on events preceding 
1990 with kindly disdain, wondering how our efforts could 
have been so unsophisticated. The succeeding generation will 
pay them the same kindness. 

6. The liver, because of its unforgiving and extraordinarily 
difficult surgical anatemy and complex physiology, will re- 
main the Mount Everest of organs for surgeons. It is no place 
for the fainthearted, perhaps, but it will continue to challenge 
the bright and the bold. 
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Surgical Laser System 


More laparoscopic cholecystecto- 
mies have been performed with the 
KTP/YAG™ Surgical Laser System 
from Laserscope* than with any 
other laser or non-laser dissecting 
instrument. General surgeons now 
have a single tool optimized for 
bloodless dissection of the gallblad- 
der with minima! complications. 
Precise, Hemostatic Dissection 
of the Gallbladder 
The XTP/YAG System's unique dual 
wavelength technology is ideally 
adapted for laparoscopic gallbladder 
dissection. Lasersccpe's propri- 
etary KTP/532" green beam provides 
rapid and precise dissection with 
simultaneous hemostatic control. 
The Nd:YAG infrared beam comple- 
ments the KTP/532 by providing 
deep coagulation fcr large bleeding 
vessels. Both wavelengths trans- 
mit through irrigat- 
ing solutions and are 
directed through flex- 
ible Endostat" Fibers. 
Easy to Use in 
a Laparoscopic 
Environment 
For precise and con- 
sistent cutting the 
Endcstat Fiber may 
be used in contact for 
tactile feedback ar.d 
in non-contact mode. 
Because the KTP/YAG 
System can cut, coagu- 
late or vaporize through a single 
fiber, there is less need to remove 
and replace instruments in the 
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Laparoscopic Cholecystectomy 


peritoneal cavity. The system 
produces little smoke which can 
cloud the laparoscope’ optics. 
Cutting is even, without char, and 
bloodless, allowing for clear visuali- 
zation of the tissue plane. 

The Standard for Safety 

The KTP/532 beam cuts or vapor- 
izes with minimal lateral tissue 
damage. Endostat Fiber tips are 
unsharpened and remain cool which 
helps prevent inadvertent piercing 
or burning of delicate tissue such 
as the bowel. And the KTP/ YAG 
System always 
causes the surgical 
effect where the 
beam isaimed and 
not the path of least 
resistance, which 
can happen using 
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P. | REN electrocautery. 
MS a4 v A Gold Standard of Cost Effectiveness 
T ee | [n T Endostat Fibers are the least expen- 
^ nudi ia bE — m | |" sive laser delivery systems to use. 
CONTIN "ur ^-^" 4 mi? They do not require expensive tips 


for each surgical effect. Plus, the 
System is air cooled for low cost 
installation and maintenance. 
Standardize with the Leader 
Make the KTP/YAG Surgical Laser 
System your standard for all your 
general surgery procedures. You 
won’: be alone. The System is the 
standard of care for other surgica! 
specialties as well. For more infor- 
mation call (800) 356-7600 or write 
Laserscope, 3052 Orchard Drive, 
San Jose, CA 95134-2011. 
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Bilateral Iliae Vein Filtration 


An Effective Alternative to Caval Filtration in Patients With Megacava 


Parvati Ramchandani, MD; Robert M. Zeit, MD; Harvey A. Koolpe, MD 


jm e. Greenfield filters were placed bilaterally in the iliac veins in 
> five of 250 patients undergoing percutaneous filter placements. 
Four of the five patients had megacava (interior vena cava diame- 
ter >26 mm). In ali patients, the filters were effective in preventing 
pulmonary embolism. Follow-up at 9 months in two patients 
revealed no changes of chronic venous insufficiency or venous 
Stasis. lilac filtration should be considered in patients in whom a 
caval fliter cannot be placed because of large caval size or be- 
cause it is technically difficult due to iliac vein tortuosity. 
(Arch Surg. 1991;126:390-393) 


I nferior vena caval (IVC) interruption is an accepted mode 
of therapy in those patients with deep-vein thrombosis 
(oo (DVT) of the lower extremities or pelvis who have a contrain- 
|" . dication to anticoagulant therapy or have recurrent thrombo- 
embolism despite anticoagulant therapy." The Greenfield 
vena caval filter has been in widespread use since the first 
reported clinical series in 1977,' and subsequent reports have 
attested to its safety and effectiveness. The filter is made of 
six corrosion-resistant stainless steel struts and measures 
46 mm in length and 30 mm at the maximal open diameter at 
-the base (the only size available). If the diameter of the IVC is 
«greater than 28 mm, the clot-capturing ability of the filter 
|... decreases and the risk of fiker migration increases.** In pa- 
tients with megaeava (IVC diameter >28 mm), bilateral iliac 
vein filtration has been suggested” as an alternative to caval 
filtration. To our knowledge, however, no published reports 
exist in the radiologic or surgical literature indicating the 
linical outcome of sueh patients. 
| We reviewed the records of five patients who had Green- 
field filters placed in the iliac veins and report on their clinical 
course. 














PATIENTS AND METHODS 


- From 1984 to 1989, we placed Greenfield filters percutaneously in 
250 patients. Five patients had filters placed i in the iliac veins bilater- 
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ally. Prior to filter placement, all patients underwent inferior venaca- 
vography. Angiographic catheters were placed through the femoral 
veins amd contrast was injected with a power injector during rapid 
filming using standard film screen technique. Filming was performed 
in the frontal plane alone, The infrarenal IVC was measured prior to 
filter placement. All stated measurements for the IVC take into 
account an estimated magnification factor of 20% and are corrected 
measurements. 


REPORT OF CASES 


CASE 1. —A 54-year-old woman was admitted with a stroke due to 
brain-stem hemorrhage. Two weeks later, marked swelling in the left 
leg was noted. Venography of the left lower extremity confirmed 
extensive DVT of the calf and distal thigh. As anticoagulation was 
contraindicated, caval filter placement was requested. Inferior vena- 
cavography (Fig 1) performed via the right femoral vein demonstrat- 
ed the IVC diameter to measure 42 mm, which was believed to be too 
large for safe placement of a Greenfield filter in the IVC. The prior 
venogram had demonstrated the iliac veins to measure 10 mm in 
diameter bilaterally. Titanium Greenfield filters were placed in the 
right and left common iliac veins through 12F sheaths placed percuta- 
neously via the right and left common femoral veins (Fig 2). Nine 
months later, the patient was doing well with good recovery of 
neurologic function. She had no symptoms or clinical evidence of 
pulmonary embolism or recurrent DVT. No changes of venous stasis 
have occurred. 

CASE 2,—A 91-year-old woman presented with cachexia, renal 
failure, lethargy, hypoxia, and dehydration. A ventilation perfusion 
scan revealed multiple perfusion defects consistent with a high proba- 
bility of pulmonary emboli (PE). She received intravenous heparin 


therapy. which was discontinued 2 days later due to the onset oflower — Dd 
gastreirtestinal bleeding and epistaxis. The patient developed pul- — ^. 
monary edema and had a cardiorespiratory arrest, from which she > 


was suceessfully resuscitated. 


Pulmenary angiography demonstrated multiple emboli i intheright .—.— 
lung. Aa inferior venacavogram demonstrated the IVC atthelevelof ^. 














the renal veins to measure 38 mm and 25 mm at the iliac vein GOES 


confluence. Greenfield filter placement was attempted via the right — 
femoral vein with the intent of discharging the filter in the proximal | 


IVC, but the filter capsule could not be negotiated through the right 
commor iliac vein despite the use of a heavy-duty guidewire. The 
right jugular vein approach could not be used since the patient had a 
very large right subclavian artery aneurysm. Greenfield filters were 
placed at the right external iliac-common iliac junction and in the left 
commor iliac vein via 24F sheaths. The patient's condition failed to 


improve during the next 48 hours and she developed metabolic acido- 
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Fig 1.—Inferior venacavogram; the inferior vena cava measured 42 
mm. 


sis and bradycardia and died. Permission for autopsy was not grant- 
ed, but there was no clinical evidence that the patient had any further 
PE after filter placement. 

CASE 3.—A 27-year-old man with systemic lupus erythematosus 
and lupus coagulopathy developed swelling and pain in the right 
lower extremity. Venography demonstrated changes of acute and 
chronic DVT. Systemic anticoagulation was begun but had to be 
temporarily discontinued 1 month later because orthopedie surgery 
was needed. Caval filtration was deemed important to prevent PE in 
the perioperative period. Inferior venacavography demonstrated the 
IVC diameter to be 34 mm. Greenfield filters were placed in the right 
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Fig 2.— Titanium Greenfield filters placed in the common iliae veins 
through 12F catheters. 


and left common iliac veins through 24F sheaths. Oral anticoagulant 
therapy was begun 1 week after surgery. Nine months later, the 
patient was doing well. He had no clinical evidence of PE or caanges 
suggestive of venous stasis in the lower extremities. 

CASE 4.—A 60-year-old man with right-lower-lobe lung cancer 
presented with symptoms suggestive of PE; pulmonary angiography 
documented multiple emboli in the right lung. Anticoagulation was 
begun and the patient was referred for caval filter placement 2 weeks 
later, prior to a right lower lobectomy. Cavography demonstrated 
that the IVC was 28 mm in diameter. A Greenfield filter was pEced in 
the infrarenal IVC through a 24F sheath placed via the right moral 
vein. When the filter was released, only one prong was seen to be 
anchored, even though the filter was completely expanded. 

The filter appeared unstable and the unanchored prongs were 
tilting to and fro in the IVC with respiration and the cardiae cycle. 
The filter was therefore removed using a wire snare; no clot was seen 
within the filter to account for the lack of anchoring in the : VC. A 
second Greenfield filter was then released in the right commmn iliac 
vein. In addition, a Greenfield filter was placed in the left external 
iliac vein via a 24F sheath placed through the left femoral vein {Fig 3). 
Both iliac veins measured 11 mm in diameter (as measured by the 
base diameter of the filters). The patient underwent the planned 
lobectomy but died 9 days after surgery of a massive stroke. 

CASE 5.—A 75-year-old woman had resection of a high-grade 
astrocytoma in the left temporal lobe. Two weeks later, she devel- 
oped swelling in her right leg and venography confirmed acute DVT. 
Cavography demonstrated the IVC to be 34 mm in diameter. Green- 
field filters were placed in the right common iliac vein and in the left 
external iliac vein (the filter could not be maneuvered into zhe left 
common iliac vein). Six weeks later, the patient developed symptoms 
of DVT in the left leg. No investigations were performed and the 
patient was treated symptomatically. There was no clinical evidence 
of PE at any time. The patient died 4 months later due to progression 
of the brain tumor. 


RESULTS 


In four of the five patients, iliac filters were placed because 
the IVC was too large. In patient 2, percutaneous aczess to 
the cava was difficult due to the tortuosity of the iliac veins, 
and the presence of a large right subclavian artery aneurysm 
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Fig 3.— Stainless steal Greenfield filters in the right common iliac and 
left external iliac veins. 


made the right jugular route hazardous; thus, iliac filtration 
was the only alternative. The incidence of megacava in our 
patients was 296, which was comparable with that in other 
published series.* 

In three of the five patients, the entire cava was 34 mm or 
larger in width. In patient 2, the proxima! 2 em of the cava 
measured 25 mm, but the IVC increased to 38 mm just 
proximal to the renal vein confluence. If placement of a caval 
filter had been technically feasible in this patient, the filter 
would have been placed just above the iliac confluence since 
the remainder of the cava was too large. 

In patient 4, the venacavogram estimated the size of the 
IVC to be 28 mm. However, the filter prongs did not attach 
securely to the caval walls on release of the filter even though 
the filter was fully expanded. No clot was found within the 
filter when it was removed to account for the lack of anchor- 
ing. Comparison with a computed tomographic scan obtained 
a few days earlier showed that the IVC measurements on the 
computed tomographic scan and venacavogram were similar, 
indicating that the venacavogram was accurate in estimating 
caval width. The reason for the unstable filter position re- 
mains unclear. 

Eight of the 10 filters were released in the common iliac 
veins. The other two filters (patients 2 and 4) were placed in 
the external iliac veins with the apex of the filter in the 
common iliac vein; tortuosity of the iliac vessels prevented 
advancement of the entire filter into the common iliac veins. 

No clinical evidence of recurrent PE occurred in any pa- 
tient. Two patients died of other medical problems within 10 
days of filter placement. One patient developed clinical evi- 
dence of DVT 6 weeks after filter placement. The patient was 
moribund and bedridden and, thus, at high risk for DVT. The 
two surviving patients were followed up for 9 months 
and have demonstrated no clinical evidence of venous insuf- 
ficiency. 


COMMENT 


. The Greenfield filter has an established track record of 
safety and efficacy’; however, filter migration to the right 
atrium, right ventricle, and pulmonary artery has been re- 
ported.^*" In all these cases, inferior venacavography was 
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not performed prior to filter placement and it is possible that 
migration occurred because of a large IVC in some of those 
patients. Filter migration has also been described in patients 
in wham there is thrombus formation inside the filter carrier 
due to prolonged exposure of the capsule to blood or inade- 
quate flushing; the thrombus tethers the filter struts and 
preverts expansion. 

The IVC varies greatly in size from patient to patient; 
Prince et al‘ found the caval diameter to range between 10 and 
30 mm in their patients. In three of our five patients, who 
were all small or average in size, the IVC diameter was 34 mm 
or greater. Thus, formal preprocedure cavography is manda- 
tory in all patients and should not be reserved solely for those 
patients whose size suggests that they may have a large vena 
cava." The venacavogram also provides valuable information 
about the presence of caval clots and the level of the renal 
veins, findings that influence both the level of filter release as 
well as the approach for filter placement. Fluoroscopic moni- 
toring alone during the injection of contrast is not adequate to 
evaluate the cava (as is commonly done in operating rooms 
using portable fluoroscopy units) since one can obtain only a 
“guesstimate” of the caval size. The IVC width should be 
measured on a radiograph that has adequate caval 
opacifieation. 

Greenfield filters in the iliac veins would theoretically have 
a higher risk of causing iliac vein thrombosis due to the 
smaller size and slower flow in the iliac veins. However, 
series” that report accidental misplacement of a filter in an 
iliac vein do not report greater venous stasis complications in 
such patients. Our experience, albeit limited, is similar. 
Placement in the common iliac veins rather than in the exter- 
nal iliae veins is preferable for two reasons: thrombi originat- 
ing in the pelvic veins would be trapped by the filters and the 
combined venous return from the internal and external iliac 
veins would ensure patency of the filter. If the jugular route 
can be used for placement, both iliac filters can be placed 
through a single venipuncture site. 

In patient 4, the filter prongs did not attach securely, even 
thoughthe filter was fully expanded and the IVC width was at 
the upper limits of normal. No clot was found within the filter 
to account for the lack of anchoring. The size of the cava 
greatly depends on many physiologic variables’ and it is possi- 
blethat this patient's cava became wider in different phases of 
the respiratory cycle so that the filter struts were not able to 
engage the entire caval wall. The filter was removed since we 
felt that even if the filter did not migrate, it was likely to tilt 
and be ineffective. 

Filters in the iliac veins effectively prevented further em- 
bolic episodes in all our patients. This technique would not be 
applicable in patients in whom thrombus extends into the 
distal common iliac veins. 

The Gianturco-Roehm Bird's Nest (Cook Ine, Blooming- 
ton, Ind) vena caval filter has recently become available for 
clinical use.” This filter can be placed in cavas measuring up to 
40 mm in width." The Vena Tech filter was also recently 
introduced for clinical use." However, this filter, like the 
Greenfield filter, can only be placed in cavas measuring 28 mm 
or less in width. 

Thus, until more clinical experience is available with the 
Bird's Nest filter, bilateral iliac Greenfield filters remain an 
effective option in patients in whom caval filters cannot be 
safely placed. 
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qe it has ‘been 18 years since the first Greenfield filter was inserted 

| intoa patient via the femoral vein. It was not possible to manipulate 

|] the earriar out of the pelvis i in that patient, so filters were inserted in 

-| both common iliac veins. Since then, the guidewire technique has 

| been developed to facilitate carrier positioning and we have learned a 

great deal more about the variables that affect filter positioning. To 

my knowledge, the study by Ramehandani et al is the largest re- 

ported experience with bilateral iliac vein placement of Greenfield 
filters due to megacava. 

They correctly pointed out the value and importance of obtaining a 
contrast venacavogram prior to filter insertion. Since «he filters 
resting diameter is 30 mm, it seems clear that cavas truly larger than 

-38 mm in diameter would potentially allow the filter to migrate 
_.| because of a lack of hook fixation. Unfortunately, the use of an 
‘assumed 20% magnification factor by the authors raises the question 
f accurate measurement and is unnecessary since the known limb 
ngth of the filter (45 mm, stainless steel; 50 mm, titanium) provides 
aneasy! reference point. Using this measurement in our hospital with 
tandarc angiographic equipment and a target film distance of 
0 em, the mean magnification error for a posteroanterior film was 
27%, with a range from 16% to 52%; for a lateral view, the mean was 
ae 45%, with a range from 34% to 60%. 
t Assuming that one is actually dealing with a megacava, alegitimate 
: question is why migration has not occurred more frequently. The 
most likely explanation is that the cava is not circular, but oval and 
shorter n anteroposterior than transverse diameter. Even so, pa- 
tients w:th right heart failure, tricuspid insufficiency, or unusually 
large body size may well have vena cavas too large for adequate 
2 fixation of the standard filter. Although Medi-tech has designed 
uv. filters with extra long legs that would span a 40-mm-diameter vena 
-| cava, the configuration of the struts does not provide optimal filtra- 
xpeditious management would justify the positioning of 
filters in both common iliac veins. 
yh not mentioned by Ramchandani et al, an important con- 
the relationship of the filter to the existing thrombus. On 
th animal and clinical experience, we know that it is 
have several centimeters of distance between the end of 
and the struts ofthe filter. If the filter is seated directly 
bus, it is possible for the thrombus to continue to 
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propagate through the filter, especially if the patient cannot undergo |: 
anticoagulation. Also, it is relatively easier for the filter to obstruct | 
after trapping a thrombus if seated in a smaller vein. In this regard, | 
the common iliac vein position would be preferable to the external | 
iliac vein position, as suggested by patient 5, in whom placement of | 
the filter inthe left external iliae vein was associated with subsequent | 
venous thrombosis. ou 

Another concern regarding bilateral iliac filter placement would be | 
the presence of existing thrombus in one commen femoral vein, |- 
obviating the pereutaneous approach. However, this should not deter 
a surgical approach to such a patient if the thrombus is acute, since it 
is not difficult to perform a thrombectomy and insert the filter). 
through the same venotomy. As pointed out by the authors, the 
advantage of the jugular vein approach is the ability to position filters 
in both iliac veins at the same time. My recommendation would be to 
do this open rather than by percutaneous puncture since the large |. 
sheath (26F) that is required for percutaneous insertion represents a 
large opening into the thorax, which can lead to air embolism. The | - 
newer titanium system can be inserted more safely percutaneously, | 
not only because it uses a smaller introducer (14P3, but also because 
the insertion sheath is long enough to be positioned in the abdomen at 
the level desired for filter placement. This also obviates concern 
about premature discharge of the filter, which would be into the 
sheath rather than into the patient. 

As we learn more about the vena cava, it is obvious that its size can 
change dramatically with changing blood volume and muscular tone. 
It is also subject to more external forces than previously recognized, |. 
particularly in the suprarenal area in which the diaphragm regularly: | 
sweeps across it, posing a challenge to the fixation of any cevice | 
inserted at that level. As the variety of deviees inserted into this |. 
vessel continues to increase, it becomes even moreimportant for usto. |. 
have aecurate long-term follow-up information to confirm their safety |. 
and effectiveness. Although only two of the five patients inthis series |. 
had long-term follow-up studies, Ramchandani et al are to be come |: 
mended for their efforts to achieve this goal. E 
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Cytologic Diagnosis of Aspergillosis 


| in Cardiac Transplantation 


|. "Timothy H. MeCalmont, MD; Jan F. Silverman, MD; Kim R. Geisinger, MD 


e -+ Fine-needie aspiration of the lung is now widely utilized to 
^; diagnose pulmonary neoplasms, but often serologic techniques 
«er open-lung biopsy is relied on for the diagnosis of infectious 
* pulmonary processes. We report a series of four patients in 
* M whomthe fine-needie aspiration technique was used to make the 
: rapid cytologic diagnosis of pulmonary aspergillosis. Culture 

. confirmation was alsc obtained on the aspirated material. A 
-discussion of the availiable techniques for the laboratory diagno- 

sis of pulmonary aspergiilosis is presented and the advantages 

of fine-needle aspiration cytology are stressed. Our favorable 
results support expanded use of fine-needie aspiration cytology 

in the evaluation of lung nodules appearing in immunosup- 


pressed populations. 
(Arch Surg. 19917126:394-396) 


nfectious complications are the major cause of postopera- 
tive morbidity and mortality in patients with heart trans- 
plants.’ Fungal disease constitutes a minority of this infec- 
tion-related morbidity but carries a high mortality.’ 
Improved immunosuppressive regimens and postoperative 
| . management techniques have led to a decrease in infectious 
-. morbidity and mortality.” However, fungal infection remains 
- . asignificant problem in patients with transplants.' 
< Pereutaneous transthoracic fine-needle aspiration (FNA) 
eytology has high diagnostic accuracy and low morbidity 
when used in the diagnos of malignant pulmonary neo- 
plasms.‘ Fine-needle aspiration cytology has also been used i in 
the evaluation of localized infectious pulmonary processes," 
“A major advantage of FNA cytology in this setting is that 
‘material for microscopic diagnosis can be obtained in a matter 
of minutes, permitting the rapid institution of appropriate 
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Transtracheal aspiration biopsy and transthoracic FNA 
biopsy have been used to diagnose pulmonary infections in 
patients with cardiac transplants." One recent report as- 
sessed the use of FN A cytology in the diagnosis of pulmonary 
infection in such patients, but fungal disease was infrequently 
diagnosed in their series.” We report a series of four patients 
in whom FNA ofthe lung led toa rapid diagnosis of pulmonary 
aspergillosis. 


REPORT OF CASES 


CASE 1. — A 58-year-old white man, who had had a massive antero- 
septal myocardial infarction 1 year previously, underwent cardiac 
transplantation for refractory cardiac failure. Immunosuppressive 
therapy using cyclosporine À, azathioprine, and methylprednisolone 
sodium suceinate was initiated. One month following transplantation, 
radiologie studies demonstrated a 1.5-em dense-to-cavitary lung le- 
sion in the posterolateral aspect of the left upper lobe. Fine-needle 
aspiration biopsy was performed under fluoroscopic (FL) guidance. 
Air-dried smears showed inflammation, necrotic debris, and septate 
hyphae consistent with an Aspergillus species. Intravenous ampho- — 
tericin B therapy was started, and an uneventful hospitalization 
followed. Follow-up roentgenographie studies showed a decrease in 
the size-of the pulmonary lesion. 

CASE 2. — À 32-year-old white man with idiopathic congestive car- 
diomyopathy was referred with refractory cardiac failure. Orthotopic 
cardiac transplantation was performed without complication. Immu- 
nosuppressive therapy with cyclosporine A, azathioprine, and meth- 
ylprednisolone was initiated. Approximately 3 weeks following 
transplantation, a right upper lung lobe coin lesion was noted radio- 
logically. Fine-needle aspiration biopsy was performed under FL 


guidance. Air-dried cytologic smears showed septate hyphae consis- ^ 
tent with an Aspergillus species. A course of intravenous amphoteri- |... 
cin B was administered. Follow-up roentgenographic studies showed |^. 


resolution of the pulmonary lesion. 


CASE 3.—A 45-year-old white man with end-stage ischemic heart _ d 
disease underwent orthotopic cardiac transplantation without com- . 


plication, Immunosuppression with cyclosporine A, azathioprine, 
and me:hylprednisolone was initiated, Fifty-four days after trans- 


plantation, the patient presented with fever, chills, and nonproduc- - nom d 
tive cough. Chest roentgenography showed a focus of eonsolidationin ' 


the peripheral left upper lung lobe. Empirical therapy for a communi- 
ty-acquired pneumonia was administered without effect. Bronchos- 
copy was performed 4 days later, but cytologic specimens were 
nondiagnostie. Fine-needle aspiration of the lung lesion was subse- 
quently performed under FL guidance. Air-dried cytologic smears 
showed purulent inflammation, necrotic debris, and septate hyphae - 


consistent with an Aspergiilus species. Following FN A biopsy, the l "m 
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. patient was started on a regimen of intravenous amphotericin B. 
- Fever persisted, and intermittent hypotension and respiratory fail- 
ure also developed. The patient died 77 days after transplantation. 
tem examination showed disseminated invasive aspergillo- 
he lung and brain. 
A 52-year-old white man with a 10-year history of idio- 
cardiomyopathy underwent orthotopic cardiac trans- 
mmunosuppression with cyclosporine A, azathioprine, 
ne was initiated. Five weeks after transplantation, 
ved nodular lesions in the right lung were incidentally 
est roentgenograpny. Bronchoscopic cytologic study 
wal elements consistent with a Candida species, and 





subsequent complete recovery. 
METHODS 


Sixteen patients have undergone cardiac transplantation at the 

Bowman Gray School of Medicine, Wake Forest University, Win- 

ston-Salem, and East Carolina University School of Medicine. The 

cumulative anatomic pathologic diagnosis files were searched for all 

scs eytologic, surgical pathologie, and autopsy diagnoses rendered on 

4 these patients. Four patients were identified with a diagnosis of 

|. pulmonary aspergillosis. Charts and diagnostic materials on these 

v v patients were reviewed. The patients were men whose ages ranged 
5: from 32t058 years. 

-. Our FNA procedure is similar to previously described methods." In 

brief, a thin-caliber needle (22 gauge) is localized in the lung transcu- 

taneously under FL or computed tomographic guidance, and suetion 

-is applied. The aspirate is then used to prepare both air-cried and 

alcohol-fixed smears. The aspirating needle is rinsed, and the suspen- 

sion generated may be filtered for microscopic examination or centri- 

fuged to form a cell block. If the rinse is performed using sterile 

technique: material for culture may be obtained simultaneously. The 









he identification of hyphal elements with characteristic 
e (3- to 4-~m-diameter, dichotomously branching, septate 
ae with a branch angle of approximately 45°) in prepared smears. 
"Confirmation by culture was sought in all cases. Only peripheral lung 
lesions were sampled transcutaneously using aseptic technique. 
Therefore, the risk of contamination of either the smears or the 
‘material for culture was thought to be minimal, and smear and culture 
- results were considered to be diagnostic. 

RESULTS 


Pulmonary aspergillosis has been diagnosed in four of 16 
patients undergoing cardiac transplantation at our institu- 
tions. Pulmonary aspergillosis in our patient population has 
only beea morphologically diagnosed by FNA, and review of 
cumulative anatomic pathologie diagnosis files revealed no 
cases primarily diagnosed by other means. Additional review 
yathologic diagnostic files demonstrated that pulmo- 
NA in patients with cardiac transplants had only been 
in these four cases. Therefore, there were no false- 
liagnoses in our series. 
ur cases, a rapid preliminary diagnosis of aspergillo- 
imdered on air-dried material within minutes of the 
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aspiration procedure. In all cases at the time of final sign-out, 
Aspergillus organisms were identified in both air-dried and 
alcohol-fixed preparations. 

Isolates from aspiration cultures included Aspergillus fla- 
vus in twocases and Aspergillus fumigatus in one case. In the 
case with negative aspiration cultures (case 4), prior broncho- 
scopie cultures demonstrated an organism of an Aspergillus 
species (non-A fumigatus), which presumably was the patho- 
gen identified by the FNA procedure. 

The only morbidity experienced by our patients wes the — 
mild discomfort associated with the aspiration procedure. No — 
postprocedural complications were noted. 

Three of four patients were started on a regimen of arnpho- 
tericin B after FNA diagnosis. The fourth patient (case 4) was 


continued on this regimen. Three offourpatientssurvivedthe ^. 
acute infectious episode. One patient (case 3) died approxi- = > 
mately 2 weeks after FNA diagnosis of disseminated fungal - 


disease. 
COMMENT 


Immunosuppression, whether secondary to cytotoxie che- 
motherapy or the acquired immunodeficiency syndrome, is 
now commonly encountered in modern medical practice. A 
dramatic increase in the incidence of invasive fungal disease 
has been noted in immunosuppressed populations in compari- 
son with data obtained from the preimmunosuppression 
era." Aspergillus species have been documented as impor- 
tant pathogens." 

Infection-related morbidity and mortality is the greatest 
postoperative risk following cardiac transplantation." Fungal 
pathogens cause a minority of this infectious morbidity, but 
nonetheless, invasive aspergillosis has been a relatively com- 
mon posttransplantation complication at at least one center." 
The advent of cyclosporine has led to a decrease in postopera- 


tive infectious complications,’ and recent data have suggested = 


that the incidence of fungal disease after cardiac transplanta- 
tion is low." 

Owing to the narrow therapeutic index of antifungal antibi- 
otics, empirical therapy in immunosuppressed patients is - 
risky. A procedure enabling a rapid, specific diagnosis of 
infection is essential. The lung is the most common site of 
infection after cardiac transplantation, and radiologic imag- 
ing techniques provide the initial diagnostic clues to infectious 
pulmonary processes, but specific etiologic information is 
needed to direct therapy. Both noninvasive and irvasive 
techniques have been evaluated for the diagnosis of pulmo- 
nary fungal disease. Serology suffers from low sensitivity and 
specificity and thus is of little utility. ^" Diagnosis by culture 
is inherently slow, has low sensitivity, and is further compli- 
cated by the fact that Aspergillus species may be sputum 
contaminants." 

Fibercoptie bronchoscopy and open-lung biopsy have also 
been used to diagnose infectious pulmonary disease in immu- 
nocompromised hosts. In a leukemic population, bronchosco- 
py showed a sensitivity of 5096 or less in the diagnosis of 
aspergillosis." False-negative results in the diagnosis of fun- 
gal disease have also been reported using open-lung biopsy,” 
and the increased risk of morbidity when performing an inva- 
sive procedure in a compromised patient is:obvious. 

In our experience, FNA cytology has proved to be highly 
efficient in the diagnosis of pulmonary aspergillosis. Fine- — 
needle aspiration is a minimally invasive procedure that per- 
mits sampling of pulmonary processes under local anesthesia. - 
without an operative procedure. Fine-needle aspiration has . 
previously compared favorably with other invasive tech- 
niques.” de Vivo et al’ recently demonstrated high sensitivity 
and specificity using FNA cytology for the diagnosis ofpulmo- _ 
nary infections in a cardiace transplant population. Pulmonary | 





Aspergillosis—McCalmontetal 395 



































r diagnosis by FNA because 
stically localized and peripheral." 
ras only fungal disease diagnesed by 
n our patient population. However, diagnoses 
pulmonary infectious processes, including 
! tions (cryptococcosis, mucormycosis, coc- 
€idioidomyeosis, candidal pneumonia), nocardiosis, mycobac- 
terial infections, and other bacterial infections, may be ren- 
dered by FNA cytology.** The use of FNA cytology for the 
evaluation of diffuse pulmonary infections is contreversial 
and has not been adequately evaluated. Falmer et al” found 
relatively low sensitivity when using the FNA technique to 
diagnose complex pneumonias, but results were similar to 
_ those obtained using fiberoptic bronchoscopy or open-lung 
_ biopsy. In contrast, Springmeyer et al? found bronchoalveo- 
lar lavage to be more sensitive than FNA cytology in this 
- Setting. | | 
< We were able te compare bronchoscopy with FNA in two 
. €ases. Fine-needie aspiration corrected a false-negative diag- 
< nosis in case 3 and substantiated an uncertain diagnosis in 
_ ease 4. Comparison with open-lung biopsy was not possible in 
< our series. 
-The 25% ineidence seen in our patient population is strik- 
ing. Similar incidence figures were previously reported by 
_ other investigators using data assembled before the advent of 
. €yelosporine. More recent reports have noted a lower inci- 
_ dence of opportunistie fungal disease after cardiac transplan- 
.. tation." In contrast, our data suggest that invasive fungal 
_ disease remains a problem postoperatively. 
.. . A major advantage of FNA is the speed of the procedure. 
.. Air-dried smears, available immediately, may be used to 
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prowide an immediate diagnosis and to assess adequacy of the 
sample. Bronchoscopic air-dried smears may also be exam- 
ined immediately, but peripheral lung lesions may not be 
accessible to the bronchoscope. On identification of diagnostic 
material, therapeutic intervention may be instituted immedi- 
ately. A diagnosis of aspergillosis was rendered within min- 
utes in all of our cases based on immediate interpretation of 
Dift-cuik-stained air-dried material A second advantage of 
FNA is that material for microscopic examination and culture 
may be obtained from the same sample. Additionally, since 








lesions are sampled transcutaneously ratherthanthroughthe — 
oropharynx, problems with contamination may be less likely —. 


in cenaparison with fiberoptic bronchoscopy. 


Pneumothorax is the most common complication after pul- 


morary FNA, but chest tube placement is not usually neces- 
sary.” Rare mortality has been associated with lung needle 
aspiration biopsy using large-bore or cutting needles." We 
have found only one reported death after pulmonary FNA.” 
The patient suffered from multisystem disease, and the death 
was not clearly attributable to the FNA procedure. No com- 
plications other than the discomfort of the FNA procedure 
were noted in our series. 

Ir summary, we report four cases of invasive pulmonary 
aspergillosis diagnosed by FNA. In this setting, FNA cytol- 
ogy provides rapid and accurate diagnosis, permitting 
prompt, specific therapy. We believe that FNA cytology is 
the procedure of choice for the evaluation of new lung nodules 
in patients with cardiac transplants. Expanded use of pulmo- 
nary FNA to evaluate peripheral lung lesions in other immu- 
nocempromised populations is warranted. 
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- This edition gives the reader an up- 
date concerning the modern care of 
newborns. Advancements in neonatal 
and perinatal medicine have led to the 
_.. Survival of many babies who formerly 
_ would have had dismal prognoses. This 
is particularly true of low-birth-weight, 
premature infants. The timing of a new 
edition, therefore, is appropriate. This 
edition has omitted the cumbersome 
chapters from the previous edition re- 
lated to the organization, structure, and 
staff requirements of a surgical inten- 
sive care unit for newborns. The au- 
thors have added new and important 
chapters concerning fluid and electro- 
lyte management, nutrition support, 
and prenatal diagnosis, sections de- 
4. scribing diagnostic imaging techniques 
“~ -forthe neonate and management of the 
C very-low-birth weight infant, and an 
— update on the appropriate use of antibi- 
ties for infections in the newborn. 
~The book is somewhat unusual in that 
dt limits its seope to conditions that 
mainly affect newborns, unlike most 
other pediatric surgical textbooks. Up- 
dated information is included regarding 
the maragement of congenital dia- 
phragmatic hernia, which has under- 
gone significant change in the last de- 
-cade because of a better understanding 
of pat Yophysiology, reassessment of the 
ee ‘need for immediate surgery, and im- 
4 ^ proved availability of contemporary 
^^. ventilator support mechanisms. Al- 
(though. extracorporeal membrane oxy- 
pr genationi x men oped pran in this 



















in ne Herom, the econd de- 
scribes the surgical management of 
conditiors related to heart disease, and 
the third discusses postoperative care. 
iDter on surgical management 
adequate e oma adi 







excessive. Actual deserip- 
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tions of specific surgical techniques 
seem somewhat superficial. In addition, 
no mention is made of the role of cardiac 
transplantation in the newborn, which 
certainly must be considered for specific 
conditions, such as the hypoplastic left 
heart. Chapters on abdominal wall de- 
fects are fairly straightforward and con- 
tain very little new information, but are 
informative. The chapter on pyloric out- 
let obstructions is quite good and exten- 
sively covers pyloric stenosis, one of the 
more common problems in pediatric 
surgery. This chapter is well written 
and worth reading. Other chapters con- 
cerning alimentary tract obstructions 
affecting the small intestine are fairly 
straightforward and complete. 

The chapter on neonatal necrotizing 
enterocolitis is important in view of the 
fact that so many unusually small neo- 
nates are surviving because of improve- 
ments in neonatal intensive care. This 
chapter, however, does not include 
some newer concepts regarding the 
cause of necrotizing enterocolitis and 
the relationship of this condition to im- 
maturity of the gut mucosal barrier, 
bacterial translocation, other inflamma- 
tory mediators, etc, rather than to hyp- 
oxia alone. The chapter on Hirsch- 
sprung'* disease is well written, very 
well referenced, and worth reading. 
The illustrations in the chapter concern- 
ing anorectal anomalies are of high qual- 
ity and are excellent additions to this 
textbook. As many pediatric surgeons 
in Great Britain still treat patients with 
hydrocephalus, the new edition con- 
tains a chapter concerning this topic, 
which probably is not of great interest 
to most pediatric surgeons in the United 
States. Similarly, the chapter on myelo- 
meningocele and encephalocele would 
be of little interest to pediatric surgeons 
in this country, although the drawings 
and information presented might be 
useful for neurosurgeons. The chapters 
concerning renal failure and urinary 
traet anomalies are somewhat superfi- 
cial and perhaps are not up to the level of 
some of the other chapters i in this book. 

Aside from some minor weaknesses, 


this textbook should prove useful to 
physicians interested in surgery in the 


newborn. 


Jay L. GRosrELD, MD 
Indianapolis, Ind 





Surgical Pathology of the Breast, by K. Rogers | 
and A. J. Coup, 348 pp, with illus, $70, Stoneham, 
Mass, Butterworth Publishers Inc, 1990. 

This excellent book has many photo- 
graphs and illustrations and is written 
in a down-to-earth style one might ex- 
pect from a clinically oriented group of 
surgeons from England. The book is 
mostly confined to surgical pathology 
but there are excellent editorial com- 
ments along the way by a surgeor: about 
the surgical aspects of various ‘copies, 
including recommendations of sargical 
treatment for a variety of benign condi- 
tions. There is also significant anc perti- 
nent discussion about the use of Lang- 
er's lines for all breast incisions, alesson 
that many surgeons in this country still 
have not learned. Included in the au- 
thors’ treatment recommendations for 
several benign conditions are excellent, 
brief, surgical comments about per- 
forming this procedure. 

One major failing of the book is a lack 
of intense and contemporary discussion 
of duct carcinoma in situ. The section on 
duct carcinoma in situ is rather brief, 
does not recognize many of the recently 
described variations of duct careinoma 
in situ; and misses entirely the thera- 
peutic implications ef the carcinoma’s 
size, extent, and pathologic variety, and 
its relationship to mammographic find- 
ings, conduct of the biopsy as directed 
by mammographic findings of duct le- 
sions, etc. While I recognize that this is. 
a book about surgical pathology, some of 
the comments about surgical manage- 
ment of certain lesions indicate the need 
for a more oriented surgical comment in 
this area. The lack of detail about duct 
carcinoma in situ prebably reflects the 
fact that mammography is used far less 
widely in the United Kingdom than in- 
the United States. This is also bern out. 
by the authors estimate that only 1% to 
3% of all breast cancers are duct carcino- — 
mas in situ, This is not at all the ease in. 
American institutions that have large . 
screening programs to detect breast 
cancer through mammography. Here, 
the incidence of duct carcinoma in situ 
ranges from 10% to 20% of all cases 0 
breast cancer, and a higher percentage 
of cancers are detected by mammogra- . 

phy only. 

Although this is a book of surgical 
pathology, surgical comments about ba- 
sic treatment modalities of breast can- 
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: cer would have been useful. There are a 
„variety of surgical, therapeutic options 
for treatment of breast cancer, and dis- 
cussion of these would have fit in nicely 
with the diseussions about the various 
subtypes of invasive and noninvasive 





Who Should Care for the SICU 
Patient? 


To the Editor. — In the September 1990 
issue of the ARCHIVES, Trask and 
Faber' presented the sobering but un- 
surprising observation that, in three 
quarters of non-University affiliated 
hospitals, surgeons no longer provide 
the principal intensive care unit (ICU) 
services for their patients. The accom- 
panying commentaries by Higgins’ and 
Holeroft’ decried this abdication of re- 
sponsibility and attributed it to financial 
and medicolegal influences. But their 
commentaries overlooked two more in- 
sidious and, over the long term, far 
more destructive influences — lack of re- 
speet by many surgeons for their col- 
leagues who choose to focus their ca- 
reers in critical eare, and surgeons 
ambivalence coneerning the need for 
dedicated ICU staff. 

These destructive influences are 
manifested in curious ways. Some sur- 
geons consider their “intensivist” eol- 
leagues to be mere "drip doctors" and 
"bed finders." Others warn trainees 
that careers in surgieal critical care are 
“dead ends” and advise them to identify 
at least additional, if not different, areas 

of interest. The residents and fellows 
. assigned to the surgical ICU (SICU) are 
-rarely thanked by the operating sur- 
 geon for successfully managing a diffi- 
cult ease, but are commonly castigated 
for apparently minor therapeütic sins. 
However, many of these surgeons, in- 
experienced in sueh emerging therapies 
-as slow continuous ultrafiltration/dialy- 
sis (SCUF/D), pressure-controlled in- 
verse ratio ventilation (PC-IRV), and 
 neuraxial analgesia, depend on intensi- 
‘vists to educate the surgical residents 
nd provide around-the-clock attending 
intensivist services. 

- The practical skills of intensive care 
medicine are certainly attainable by 
- most surgeons, but their application to 
‘individual patients demands more time 
than most surgeons have to invest. A 
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breast cancers. 

Overall, this is an exceBent book on 
surgical pathology. It is very readable, 
well illustrated, and comprehensive, 
yet contained in relatively few pages. 
The text is literate, easy to read, and 
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common defense is to triv alize critical 
care skills and their practitioners (“any- 
one can run a ventilator”. It appears 
that until surgeons generally acknowl- 
edge that critical care can be as impor- 
tant as, or even more important than, 
the operation itself to a pazient's recov- 
ery, the intensivist will ecntinue to be 
regarded by many surgeons as a second- 
class citizen, and the surgical intensivist 
as a second-class surgeon. 

Holeroft! writes that “... we can 
prevail over those forces taat are driv- 
ing us out of our ICUs.” Bu: this will not 
happen if we adopt Higgins’ position’: 
“It is unrealistic to expect. trained sur- 
geons, with few exceptiors, to devote 
most of their time and e“forts to the 
critical care unit." The SICU patient 
needs a doctor who can, among other 
things, provide immediat» care; who 
understands and can safely apply new 
diagnostic and treatment methods; who 
can Juggle a dozen drugs in he setting of 
the complex physiologie abnormalities 
engendered by anesthetic: and opera- 
tions; and who has the requisite techni- 
cal skills to perform eommoa ICU proce- 
dures. Whether he is tke operating 
surgeon is beside the point 

The question is not whether surgeons 
can be trained to provide complex 
SICU-based care— ef course they can— 
but whether they really want to and are 
willing to invest the time, aecept the 
associated financial loss, and live with 
antediluvian attitudes about the “less- 
er" importance of the intensivist's role. 
Trask and Faber’ provide a clear, and 
clearly negative, answer. There are two 
alternatives. Either we trzin a cadre of 
surgeons to the highest standards of 
critical care, embrace therm as respect- 
ed colleagues, and empower them to 
provide the majority of SICU care, or 
we accept a diminishing role for sur- 
geons in our SICUs. Patients in SICUs 
need intensive care, and some well- 
trained and dedicated pkysician will 
step in to provide it. Certa.nly that les- 
son should have been learned from sur- 


pertinent. I strongly recommended it 
for medical students and house officers 
concerned with breast disease. 


. BLAKE Capy, MD 
Boston, Mass 


geons abdication of another special care 
urit, the emergency department. 

Liberalizing requirements to enter 
the American Board of Surgery's ex- 
amination for Added Qualifications in 
Surgical Critical Care, as described by 
Higgins," is not an adequate response to 
the sorry state of advanced training in 
surgical critical care nationwide (as of 
February 1990, there were only eight 
accredited positions and some were un- 
filed). The practice of critical care is 
physieally and intellectually demanding 
and is becoming more so. The patients 
are older, sicker, and subjected to in- 
creasingly complex operations. Surgical 
trainees should be encouraged to devel- 
op ICU interests and train to attain 
added qualifications in surgical critical 
care. 

As to Holeroft’s dark allusions to the 
^. . . forces driving us out of our ICUs,” 
Pogo said it best: “We have met the 
enemy, and they is us.” 


TIMOTHY G. BUCHMAN, MD, PHD 
Baltimore, Md 


L. Trask AL, Faber DR. The intensive care 
unit— who's in charge: the private practice view. 
Arch Surg. 1890:125:1105-1108. 

2. Higgins GA. Evolution of the healing room. 
Areh Surg. 1890:125:1101-1102. 

3. Holeroft JW. Who should be responsible for 
care of the critically ill surgical patient? Arch Surg. 
1890,125:11083-1104. 


In Reply.—Dr Buchman makes many 
cogent points, and on the whole, I have 
to agree with almost all of them. How- 
ever, I do think that the patient is best 
served if the operating surgeon main- 
tains primary responsibility for postop- 


erative care, be that care in the inten- : 
sive care unit or in the ward. It should = 


be possible, as Dr Buchman points out, 
for all surgeons to become proficient in 
managing patients in the intensive care 
unit. The main question is, do we really 
want to take on responsibility for eriti- 
caily ill patients? I think we should. 


JAMES W. HoLcRorT, MD 
Sacramento, Calif 
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| uds published by the AMA." 

> Financial Interest. — List all affiliations with or finan- 

Qum cal invo vement in any organization or entity with a direct 

financial interest in the subject matter or materiais of the 

research discussed in the manuscript (eg, employment, 

consultancies, stock ownership). All such information will 

be held in confidence during the review process. Should 

the manuscript be accepted, the Editor will discuss with 

the author the extent of disclosure appropriate for publi- 
eation. 

References. — References should be listed in consecutive 
numerical order as they are cited in the text, nof alpha- 

et , Once a reference is cited, all subsequent eitations 
0 the original number. All references must be 
text or tables. Unpublished data and personal 
ion may not be listed as references. References 
ticles should inelude (1) authors (list all authors 
rs up to six; if more than six, list the first 
t al"), (2) title, (3) journal name as abbreviated 
| fedicus, (4) year, (5). volume number, and (6) 
inclusiv age numbers—in that order. References to books 
include (1) authors (list all authors and/or editors 
ix; if more than six, list the first three and “et al"), 
(2) chapter title, if any, (3) editor, if any, (4) title of book, 
(5) year, (6) city, and (7) publisher. Volume and edition 
numbers, specific pages, and name of translator should be 
included when appropiate The Pauro is Vedere for 
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Responsibility. -One author must be designated 
ding author, with his or her address and tele- 
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Instructions for Authors 








editing are sent to this author. The corresponding author 
will receive an edited typescript rather than galley proofs 
for approval. The authors are responsible for all statements 
in their work, ineluding changes made by the copy editor. 
Order reprints at the time the typescript is returned after 
editorial processing. Specify the address to which recuests 
for reprints should be sent. 

Titles. — The title must be short, specific, and clear. It 
cannot exceed 42 characters per line, including punetmation 
and spaces, and is limited to two lines. The title page 
should include the full names and academic affiliations of- 
all authors. If the manuscript was presented at a meeting, 


indieate the name of the organization, the place, ard the. OY 


date on which it was read. 

SI Units.— Use Système International (SI) measure- 
ments throughout the manuscript. 

Illustrations. —Use only illustrations that clarify and 
augment the text. Submit illustrations in triplicate, un- 
mounted and untrimmed. Do not send original artwork. 


Send high-contrast glossy prints (not photocopies). Figure - uc 


number, name of senior author, and arrow indicating “top” 
should be typed on a gummed label and affixed to the back 
of each illustration. All lettering must be legible after 
reduction to column size. Artwork submitted for publica- 
tion may be relettered to achieve uniformity of letzering 
style throughout the journal. Illustrations should prefera- 
bly be in a proportion of 5x7 in. Color illustrations are 


accepted for publication if the editors believe that color D 


will add signifieantly to the published manuseript. The 
AncuivES will pay only part of the expense of color 
reproduction and printing color illustrations. The avthor's 


share of the expense is $400 for up to six square finished- | 


illustrations that ean be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed 
to the author at cost. Positive color transparencies ($5-mm 


preferred) must be submitted for an evaluation. Do nói xm 


send color prints unless accompanied by original transpar- 
encies. 


CHECKLIST FOR AUTHORS 


Send: 
€ Three copies of manuscript. 
€ Three copies of synopsis-abstraet. 
€ Three copies of attaehed photographs, legemds, 
tables, and/or illustrations elearly marked as de- 
scribed in the instructions. 
è A copyright release statement signed by all au- 
thors. 
€ The address and telephone number of the desig- 
nated corresponding author. 
è Send to Claude H. Organ, Jr, MD 
Archives of Surgery 
Professor, Dept of Surgery 
University of California-Davis, East Bay 
1411 E 31st St 
Oakland, CA 94602 
è Use sufficient postage. 
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Legends.— Legends must be typed double-spaced, be- 
ginning on a separate sheet of paper. Length is limited to 
a maximum of 40 words. 

Tables.—Each table must be typed double-spaced, in- 
cluding all headings, on a separate sheet of 8x 11-in 
paper. Do not use larger-size paper. If a table must be 
continued, use a second sheet and repeat all heads and 
stubs. Each table must have a title. 

Manuscript Acceptance.—Manuscripts are received 
with the understanding that they are not under simulta- 
neous consideration by another publication. Accepted man- 
uscripts become the permanent property of the ARCHIVES 
and may not be published elsewhere without permission 
from the publisher (AMA). 


OTHER INFORMATION 


Brief Clinical Notes.— The AncurvEs welcomes the 
submission of Brief Clinical Notes for review. These are 
generally reports of cases that provide a new or unique 
contribution and are to consist of no more than 400 words, 
two references, and one illustration. The synopsis-abstract 
may not exceed 80 words. 

Correspondence and Brief Communications. — The 
Editor is pleased to receive letters that pertain to material 
published in the Agcuives as well as brief communications 
concerning other matters of interest to our readers. An 
interesting case may be published as a brief communica- 
tion. Such contributions should be 250 words or less, 
typewritten, double-spaced without an abstract, and 
clearly marked “for publication.” No more than two refer- 
ences are permitted and illustrations or tables are accept- 
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able only when essential to the message. 

News and Announcements. — Brief notices may be sub- 
mitted of meetings, seminars, or symposiums that are of 
interest to surgeons. 

Acknowledgments. —Illustrations from other publica- 
tions must be acknowledged. Include the following when 
applicable: authors, title of article, title of journal or book, 
volume number, pages, month and year. The publisher’s 
permission to reprint must be submitted to the ARCHIVES 
when the manuscript has been formally accepted. 

Statistical Review. — Manuscripts containing statistical 
evaluation should include the name and affiliation of the 
statistical reviewer. 

Informed Consent.— Manuscripts reporting the results 
of experimental investigations on human subjects must 
include a statement to the effect that informed consent 
was obtained after the nature of the procedure(s) had been 
fully explained. 

Reference to Patients. — Patients should be referred to 
by number or, in aneedotal reports, by fictitious given 
names. Real names or initials must not be used in the text, 
tables, or illustrations. 

Photographic Consents.— A letter of consent must 
accompany all photographs of patients in which a possibility 
of identification exists. It is not sufficient to simply cover 
the eres to mask identity. 

AMA Manual of Style. — This 1988 edition, formerly the 
Manual for Authors & Editors, is available from Williams 
& Wilkins, 428 E Preston St, Baltimore, MD 21202. Single 
copy price: $26.95. A shipping charge is added on all orders 
not prepaid. If additional ordering information is needed, 
or to order by telephone, call 1-800-638-0672. 


on over 633,000 U.S. physicians 


The American Medical Directory 32nd edition 
Order the only comprehensive reference guide 
that puts the most current demographic, cre- 
dentials and professional physician information 
at vour fingertips. 





Completely updated, this 6.000-page, 4-volume 
American Medical Directory is the ideal resource for: 


* Locating any U.S. physician by name or by city 
and county within a state from over 633,000 
detailed listings 

* Verifying practices and credentials 

e Obtaining data verified by primary sources 

Order your copy today. 


Demand for the previous edition exceeded supply 
-s0 order your 4-volume set today. 








Call the American Medical Association 
toll-free: 

Reference OP390890 Price: $495.00 
Please have your Visa 

or MasterCard ready. 
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LASSIFIED 
FORMATION 


Regular Classified {Time 3 Times 
F or more" 

Cost per word $1.7C $1.55 

. Minimum ad: 20 words. per issue 


sd. "In order to eain the three-time rate. your se must be placed 
Cb and prepaid atdhe same time for three or more issues. 


< { Counting Words: Two initials are considered 
one word, each abbreviation is considered 
one word, and figures consisting of a dollar 
sign and five numerals or less are considered 
one word. Cities and states consisting of two 
words or more are counted as one word: i.e., 
"New York” and "Salt Lake City." Zip code is 
considerec one word and must appear in all 
ads. Telephone number with area code is 
considered one word. Wher box numbers are 
used for replies, the words "Box -C/O 
AOS" are to be counted as three words. 


© | Classified Display 1 Time — 3 Times 
i | Full page $1432 $1,245 
«| Two-thirds page 1,220 1,061 
. | One-half page 1,002 871 
‘One-third sage 790 688 
One-sixth page 365 317 
Column inch 105 90 


Minimum display ad: one column inch 
12-time and 24-time rates availabie on request. 


Display Production Charge: The publication 
will pub-set advertisements upon request. 
The typesetting fee is 1096 of the one-time ad 
cost shown above. Special requests will be 

“billed to the advertiser and/or agency at the 
then prevailing rates. 


Box Service 
Availabl 








all ads. The cost is $15.00 for the 
-Responses to yeur ad will be 
in our office and promptly 
to you. 


he second month prior to issue 
le: The November issue closes 
5th. No ads can 5e cancelled 
losing date. 
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Send ail copy, correspondence, production 
materials and payments to: 


‘Surgery 
. n : Classified Department 


X 1510, Clearwater, Flerida 34617 


ce with your ad schecule call toll free: 
0-237-9851 O 813-443-7666 







Florida 34617. Our telephone numbers are. 
correspondence to the AMA headquarters in 


Inquiries about "BOX NUMBER" 


Chicago. This causes needless delay. 
advertisements: All replies must be in 


BC/BE GENERAL/THORACIC SURGEON — Cali- 
fornia: We need a general surgeon who is also 
trained in thcracic surgery and interested in an 
excellent practice doing general and thoracic 
surgery (no open heart). We offer the opportunity to 
establish your own private practice with no invest- 
ment, guaranteed income. Well equipped 112-bed 
full service hospital. A growing area with new busi- 
nesses and stable economy. Our service area popu- 
lation is now 30,000. Located in central California 
near Sequoia National Park, Tulare offers an excel- 
lent family-oriented lifestyle with ail expected amen- 
ities. Beautiful homes, located close to hospital and 
office, are affordably priced. Good schools, many 
community activities and abundant recreation 
including golf, tennis, skiing, mountain and eques- 
trian activities. Easy access to all California's major 
metropolitan and resort areas. Please contact: 
Tulare Distric: Hospital Physician Recruiting Office. 
P.O. Box 90112, Los Angeles, CA 90009. (800) 
468-2687. 



















GENERAL SURGEON 


Excellent opportunity for the right indi- 
vidual to join solo general, vascular and 
thoracic surgical practice. 


Candidate should be BE/BC with post- 
residency vascular or cardiothoracic 
training or experience. Above average 
benefits, leading to early partnership. 
Modern, 200-bed hospital with wide ref- 
erral area. 


Beautiful Ithaca, New York, home of 
Cornell University has been recently 
rated "tha best small city in the East". 


Send CV to: 
Box #912, c/o AOS 


WANTED: BE/BC general surgeon with interest and 
experience on non-cardiac thoracic surgery, Of 
thoracic surgeon who enjoys general surgery, to 
assume practice of retiring double boarded thora- 
cic/general surgeon. 34 member, multi-specialty 
group in dynamic area hub city of 35,000, with six 
sateliite offices in strategic locations, and referral 
area of 300,000 plus. Superb hospita! facilities, 
including CT, MRI, cardiac surgery, neurosurgery, 
etc. Directed toward those concerned about quality 
family lifestyle and professional concerns. Contact. 
Recruitment Coordinator, Park Clinic, 890 North 
Eisenhower Avenue, Mason City, IA 50401. Or dial: 
(800) 798-4321 for more information. 


LOVINGTON, NEW MEXICO: General surgeon 
needed for solo practice under the warm sun of 
southeastern New Mexico; assistance with start-up 
costs is available. Excellent practice potential in this 
peaceful, family-oriented community, close to worid- 
renowned Carlsbad Caverns. Contact: NM Health 
Resources, Box 27650, Albuquerque, NM 87125. 
(505) 260-0993. Not-for-profit, no-fee placement. 


ALL SURGICAL SPECIALTIES. North Carolina, 
Florida, Indiana, nationwide. Dr. Len Goodman, 
5600 Executive Center Drive, #102, Charlotte, NC 
28212. (704) 536-2527. 


BC GENERAL SURGEONS — Two vacancies. 
Chief of surgical service and general surgeon. Nine 
staff member department, major abdominal and 
ambulatory 187-bed VA medical center in north- 
west Arkansas. University, sports, cultural events, 
lakes and moun:ains. Competitive salary. Benefits 
include generous vacation, SL/insurance. retirement, 
no malpractice. Contact: Chief of Staff, (501) 
444-5020. 


All classified advertising orders, correspondence and payments should be directed to: Archives of Surgery, P.O. Box 1510, Clearwater, 
800-237-9851; 813-443-7666. Please do not send classified ads, payments or re-ated 


writing and must cite the box number in the ad. Example: 
dote c/c AOS, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent :n care of Archives of Surgery. 


WISCONSIN — THE MANITOWOC CLINIC seeks 
a BC/BE general surgeon to jcin three physician 
surgery department in à busy *9 physician multi- 
specialty group. Ability to do gastroscopy. CO'Onos- 
copy and peripheral vascular procedures des«rable. | 
Lovely community of 35,000 located mid-state on. | 
the shore of Lake Michigan. Guaranteed first year | 
salary and excellent benefit peckage. Contact of. p. 
send CV to: James Robinson, Administrator, Mani- | 
towoc Clinic, 601 Reed Avenue, Manitowoc, WI : 
54221-1270. Telephone: (414) 582-8841. 


GENERAL/VASCULAR to take over practice«mme- 
diately in Clarksville, Tennessee. Population 76,000. 1 
216-bed hospital with new surgery wing. Other sur- — 
geons to share call. Salary guarantee, travel and | 
moving expense. Call now: (205) 647-0945. | 
IMS/Trent, P.O. Box 55486, Birmingham. AL 35255. | 


n——MÁ QE 


SOUTHERN MAINE — BE/BC general surgeon to 
join staff of modern 40-bed community hospt'al with 
service area of 25,000. Cross-coverage provided by 
local surgeons. ideal location close to skiing, lake 
region, award-winning schools, and Portland. Send 
CV to: Kelly McMahon, Daniel Stern and Associates, 
Suite 240. 211 North Whitfield Street, Pittsburgh, PA 
15206. (800) 438-2476 or (412) 363-9700. 


COASTAL SOUTHERN CALIFORNIA: Seeking 
full-time general/vascular surgeon to join fast grow- 
ing multi-specialty group practice i^ norh San 
Diego County. Generous compensation peckage, 
competitive salary, malpractice, rnedical/ dental/life/ 
AD&D/disability. Wonderful living environment. 
Please send CV to: Physician Recruitment, T^e Mis- 
sion Park Medical Clinic, 2201 Mission Avenue, 
Oceanside, CA 92054 or call: (619) 967-4892. 












































UROLOGISTS —North Carolina, thirty minutes 
from major city. Generous benefits, Call Richard 
Blackburn: (800) 448-5965. CV to: Box 565, Moores- 
ville, NC 28115. 


BC/BE GENERAL SURGEON to join expanding 
high volume nine-member, multi-specialty group. 
Subregional medical campus being developed. 
Excellent opportunity plus attractive financial pack- 
age. Located in east-central Montana along the Yel- 
lowstone River. Big Sky Country. great outdoors 
living. Good schools, a beautiful place to raise a 4 

family. Send CV to: Administrator, Garberson Clinic, - 
2200 Box Elder, Miles City, MT 59301. : 


MEME noms d 


GENERAL AND VASCULAR SURGEON to join 4 © 
busy, four surgeon practice on Long island, New | 
York. Must have at least one year of vascula: fellow- - 
ship. Excellent financial benefits and early partnere | 
ship. Send CV to: South Shore Surgical Specialists, 
786 Montauk Highway, West Islip, NY 11795. 


PHYSICIAN — Prestigious national cosmetic 
surgery group specializing in hair restoration - 
requires the services of and will provide complete . 
training for a physician with at least ten years expe- - 
rience in private practice with training in asurgical | | 
field or other hands on primary field. The best can- | - 
didate will have a high aesthetic sense aad some 
experience with the graphic arts. Positions to be |. 
available in New York City, Atlanta, Palm Beach. 
San Diego, Los Angeles, and San Francisco. NO | 
nights or weekends. Pleasant nigh tech offices with - 
upper level patient base and no problems. Compen- | - 
sation in the mid-six figures. Send CV to: The Elliott: į 
Thomas Medical Group. Ltd. Attention: Dr. Ro 
Michae! Elliott, President, 175 East Hawthorn Park- 
way, Suite 120, Vernon Hills, iL. 60061. 
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PLEASE NOTE — Address replies to box rumber 
ads as follows: Box number, 1. c/o AOS, 
P.O. Box 1510, Clearwater. FL 34617. 











Rural 
i| Mountain Resort 






















BC/BE general surgeons to join 
two general surgeons practicing 
in rural Arizona resort communi- 
ty. Beautiful White Mountains 
offer four season recreational 
opportunities. 


Practice includes broac spectrum 
of genera! surgery including criti- 
cal care, trauma care and surgical 
endoscopy. 






Please send CV to: 






William J. Waido, MD, FACS 


White Mountain 
Surgical Specialists 







2650 East Show Low Lake Road 
Suite 2 
Show Low, AZ 85901 
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Southern Californi 
(SCPMG) is recognized as the nation’s largest 
managed, multi-speciaity mecical group. Our co 
practice opportunities throughout Southern Califo 

e General Surgeons 

* Orthopedic Surgeons 

e Vascular Surgeons 
Experience the freedom 
administrative duties. We 


. Guaranteed 


[|] Send your curriculum vitae to: Irwin P. Golds 
Director, SCPMG, Dep! 
Or call: (800) 541-7946. 


| me 





Scuthern Caiforrua Permanente 
Medical Group 


N 











Partnership 


e Pediatric Surgeons 

e Neurosurgeons 

e Head & Neck Surgeons 

to focus on your outstanding surgical skills rather than 
provide you the freedom, technology and resources to 
focus on quality patent care, the collaborative 
colleagues and the opportunity to make a significan: 
Our compensation and benefits package includes: 

practice and income e Paid educational and sabbatical leaves 
e Professional liability insurance» Comprehensive-retirement plans. 


. 018, Walnut Center, Pasadena, CA 91188-8013. 


Partners Practicing Good Medicine 





other general surgeons in a well-established. eight- 


portunity 


arexperience This is avery active miedical/surgical 
^ospital affiliated with the Unive sry of Virginia 
Medical School. Here is an oppertunity for aca- 
demic appointment and participation in medical 
student/resident training in an srea with good 
schools, colleges, and recreational facilities. 
esearch facilities on station. We offer excellent 
oenefits. For more information, wres or call: Chief. 
surgical Service (112), VA Medica: Center, Salem, 
YA 24153. Telephone: (703) 982-7463. Extension 
2674, EOE. 
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Choice 


a Permanente Medical Group 
and most respected physician- 
ntnued growth has created new 
rra for: 


















Support of knowledgeable 
contribution to your field. 


tein, M.D., Associate Medical 


NEW HAMPSHIRE: General Surgeon to join two 











GENERAL SURGEONS for Minnesota com- 








munities: Cambridge, Litchfield and Morris. Reply: 
LifeSpan, 800 East 28th Street, 
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EXCEPTIONAL PARTNERSHIP Opportunity with 
highly successful and respected general/vascular 
surgeon. Candidate must have recent vascular train- 
ing or experience. Beautiful, midwestern communi- 
ty of 25,000 has a four-year state university. Highly- 
regarded, 155-bed hospital provides all niecessary 
services. Enjoy low cost of living, excellent lifestyle, 
and wholesome, family-oriented recreational and 
cultural amenities. $140,000 salary plus bonus with 
no buy-in for partnership. Please respond quickly. | 
send CV or call: Todd Dillon, Jackson and Coker, 
inc.. 115 Perimeter Center Place, Suite 380 10234, 
Atlanta, GA 30346. Telephone: (B00) 544-1987. 


WISCONSIN — BC/BE general surgeon with vascu- . 
lar capabilities to join active surgery department in | 
44-physician multi-specialty group. Southern Wis- 
consin college community close to Chicago and 
Milwaukee. Guaranteed salary with incentive plus 
excellent fringe benefits. Please send CV to: James 
F. Ruethling, Administrator Beloit Clinic, S.C., 1905 
Huebbe Parkway, Beloit, WI 53511. (608) 364-2200. 


HCR 




































James Ransom 
160 N.W. Irving 







Suite 201-B 

P.O, Box 1221 

Health Care Recruiting Bend, Oregon 
NATIONWIDE 97709 
800-323-1732 

Search Firm 503-382-1732 








GENERAL SURGERY — $120,000 net income. 
Brand new office space. Coverage from 3 of 5 refer- | 










in Florida (800) 553-8288. 
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WOLFEBORO, NEW HAMPSHIRE — Recruiting a 
BE/BC general surgeon to become part of a two 
person general surgical department. Skills in 
endoscopy, laparoscopic surgery and C-sections 
highly desirable. A competitive package with guar- 
anteec minimum for suitable candidates. Highly 
recreational area with spectacular lakes and moun- 
tains. Send CV or call: Sandra McKenzie, Huggins 
Hospital. P.O. Box 912, Wolfeboro, NH 03894. (603) 
569-2150. 
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Assistant or Associate 
Professor of Surgery 


with expertise and research interest in GL phy- 
siology and surgery. Must be board-certified in 
general surgery or eligible. Eligibility for Texas 
medical license required. Will serve 7/8 time at 
VA Medical Center, Dallas, with primary teach- 
ing responsibilities to students and residents on 
surgical services. Will also have some teaching 
and patient care responsibilities at U.T. South- 
western Medical Center, Dallas. Salary/grade 
commensurate with experience and special 
traiming. Send CV plus three letters of recom- 
mendation to: 

C, James Carrico, MD 

Professor and Chairman 

Department of Surgery 
U.T. Southwestern Medical Center 

5323 Harry Hines, Dallas, TX 75235-9031 


An equal opportunity/ 
affirmative action employer. 
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DIRECTOR OF 
GENERAL SURGICAL | 
RESIDENCY TRAINING PROGRAM | 


Polyclinic Medical Center, a 500 plus bed community teaching facility in 
Harrisburg, Pennsylvania has the position of Director General Surgical 
Residency Training Program available. The Directorship is a salaried, 
full-time position with additional practice options. 






ASSISTANT OR ASSOCIATE 
PROFESSOR OF SURGERY 
-with expertise and research interest in surgical 
_ oncology. Must be board-certified in general 
" ry or eligible. Prefer completion of 
ogy 'ellowship. Eligibility for Texas med- 
icense required. Will serve 7/8 time at VA 
cal Genter, Dallas, with primary teaching 
responsibslities to students and residents on 
surgical services. Will aiso have some teach- 
ing and patient care responsibilities at UT. 
Southwestern Medical Center, Dallas. Salary/ 
grade. cemmensurate with experience and 
special training. Send CV plus three letters of 
recommendation to: 
C. James Carrico, MD 
Professor and Chairman 
, Department of Surgery 
U.T. SOUTHWESTERN MEDICAL CENTER 
5323 Harry Hines, Dallas, TX 75235-9031 
An equal opportunitv/ 
affirmative action employer. 

























The General Surgical Residency Training Program is an accredited 
program. The Polyclinic Medical Center also has independent residency 
programs in family medicine and internal medicine plus a fully integrated 
program in pediatrics with the Hershey Medical Center, the Pennsyl- 
vania State University School of Medicine. Polyclinic is aiso affiliated 
with Hershey Medical Center with programs in radiology and orthopedic 


surgery. 


Candidates should have prior educational academic experience end 
academic standing. Further qualifications include clinical research 
interest, appropriate bibliography and clinical competence, preferably 
as an intensivist, traumatologist or in surgical oncology. A | candidates 





ACGME. approved, one year residency at North must be board-certified in general surgery. 
Shore University Hospital-Cornell University Medi- 
cal College: Contact: Dan S. Reiner, MD, Program For further information or to apply, please send your curriculum vitae to: 


Director, Department of Surgery, North Shore Uni- 
versity Hospital- Cornell University Medical College, 
300 Community Drive, Manhasset, NY 11030. (516) 
562-4864. A equal opportunity employer. M/F/H/V. 


David W. Florence, MD 
Vice President, Medical Affairs 
2601 North Third Street 
. Locum eee e Harrisburg, Pennsylvania 17110 
LOCUM TENENS GENERAL SURGEONS — Let a 


gio carefully screened, credentialed, insured colleague UE HH HEEL HE EFE LL LE EHE ERE HE HE HH UL HE EE EHE LH HEEL EE EE LH EE EHE HERE ERRER GHE HRE 
A from the CompHealth locum tenens medical staff E 
| cover your practice the next time you have to be 
|] away, or while you recruit a new associate. Comp- 
| Health locum tenens — the physician you need, just 
when you need one! Call today: (800) 453-3030. 





























Professor and Chairperson 
Department of Surgery 


HS-F-0039-90-12-5 


The School of Medicine of the State University of New York at Stony 
Brook wishes to announce the commencement of a search for a 
Professor and Chairperson of the Department of Surgery. 






PEDIATRIC: SURGEON: Outstanding opportunity 
in New Orleans to join nationa:ly renowned team of 
physicians "who are building a premiere Pediatric 
Care Center. Located in progressive 450-bed 
regional reterral center. Large drawing area. Good 
private schools. Seeking BC/BE pediatric surgeon 
who enjoys challenges and is committed to excel- 
lence in-cildren's medicine. Excellent earning 
potential! Contact Teresa Owens, Tyler & Com- 
‘| pany, 9040 Roswell Road, Suite 550, Atlanta, GA 
4.30350. (BOC) 223-3659 or (404) 641-6518. 


The School of Medicine is dedicated to excellence in research, teach- 
ing. and patient care, and its University Hospital services a patient popu- 
lation of over 1.5 million. It is the only tertiary care facility and medical 
school in Suffolk County. Its affiliated Veterans’ Administration Hospital in 
Northport has active surgical/ medical services, and Long Island (Nassau / 
Suffolk Counties) has one of the largest population of veterans in the 
country. 


The Department of Surgery is organized into divisions, including 
General Surgery, Transplantation, Cardiothoracic, Vascular, Ctolaryngo:- 
ogy, Oncology, Trauma, Critical Care, and Pediatrics; in addition, it has 
Suffolk County's only Burn Unit. 


Candidates must hold an M.D. degree, be eligible to practice in New 
York State, and be Board Certified in Surgery. Candidates may also be 
certified in a subspecialty. Leadership is sought in development of plan- 
ning research programs, expansion of clinical services, and in adminis- 
tration of Departmental activities, including its medical school and 
residency training programs. 


The State University of New York is an equal opportunity employer, and 
qualified minority candidates are particularly solicited. All interested 
parties are requested to submit their curriculum vitae to the Chairman of 
the Search Committee: Allen P. Kaplan, M.D, Chairman, Department o? 
Medicine, Chairman, Surgery Search Committee, SUNY at Stony Brook. 
Health Sciences Center, 1-16, Rm 020, Stony Brook, NY 11794-8160. 
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For intravenous or intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AED USAG 
TREATMENT: CEFOTAN* elus disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 

tract Infections caused by Ë coli, ella species (including K pneumoniae), Proieus 
mirabili m Proteus : (which may include the organisms now called Proteus vulgaris, Providencia 





Lawer ht morganil). 
l ya infections caused by Streptocaccus pneumoniae (formerly D pneumoniae), 
gh pelle and nonpenicillinase-producin "9 strains), Haemophiles influenzae 
(ry anp impiclin stant an siela species (including K pneumoniae), and E goki. 
EEE aureus (penicillinase- and nenpenicil- 
-. Mnase-producinc M rm ns), poesi ssl in Streptococcus pyogenes and Streptococcus 
; Species (exci ibit) and É cof. 
Gynecologic by Staphylococcus aureus" a San. penicillinase- and nanpenicil- 
linase- producing strains), Staphylococcus epidermidis, Streptococcus species (excluding entero- 
cocci), F coll, Proteus mirabilis, Neisseria oeae, Bacteroides species (excluding 8 disfasoris, 


B ovatus, it thetaiotaomicron), Fusobacterium species," and gram-positive anaerobic cocci (including 

Peptococcus anc Peplostreptococcus s piii 
Intra-abdominal infections caused by ebsiella species (including K pneumoniae’), Strepto- 

ped species aoe enterococci}, and Bacteroides species (excluding B distasonis, B ovatus, 

Bone and joint infections caused bv Staphylococcus aureus." 

“Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological exemination should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. 

in cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible tc use CEFOTAN 
concomitantiy with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
3 p ie synergistic in-vitro a M ga many Enterobacteriaceae and also some other aa -negative bacteria. 

ha dosage racemmended in the labeling of both antibiotics may be given and depends os the severity 
wee infection and the patient's condition. 
:NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 

-proionged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics 
Although, to date, hrable has not been noted when CEFOTAN was given alone, it is osse that 
nephrotoxicity may be potentiated i? CEFOTAN is used concomitantly with an aminoglycos: 

; preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative iniections in patients undergoing surgical procedures that are classified as clean con- 
faminated or potentially contaminated (eg, cesarean section. "s d or vaginal hysterectomy, trans- 
urethral surgery: biliary tract surgery, and gastrointestinal surgery) 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. in pa- 
tients undergoing cesarean section. CEFOTAN should be administered intravenously after “he clamping 
of the umbilical zord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for identifica- 
tion of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATION 





oes A conéraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Paars actly Peco is instituted, careful inquiry should be made to determina whether the 


patient has reactions to c disodium, cephalosporins, 
penis ore ru Mw s M This product should be given cautiously to peniciltin-sersitive patients 
allergy, particetarly to an alle reaction o rode preme ee pret 
. Serious acute iwpers esie acu aer lly equacdelordeeiniriigi aarp eare 
colitis has been of cephalosporins (and other broad- 


EE Pesudomembrancus reported with 
P sarta ones ae [etait RA perti W comido Ne Ragnowts M pemendt ia Hees? 


—« Treatment with boat spect bots may alter normal flora of the colon and may permit over- 
Ea gem of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
- gitiblotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 





SEDE Mild cases of Colitis may respone to drug discontinuance alone. Moderate to severe cases should be 
.- managed with fiuid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 

<o fieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 

E biotic-associatee pseudomembranous colitis produced by C difficile. Other causes should alse be considered. 


i GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 

n gown of nonsusceptible organisms. Careful observation of the patient is essential, If superinfection 
does occur durig therapy, appropriate measures should be taken. 

in common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fail in 
thrombin. nea Those at risk include patients with renal or hepatic impairment or peor nutri- 
tional state, theelderly and patients with cancer. Prothrombin times should be monitored in patients at 
risk and exogenous vitamin K administered as indicated. 

CEFOTAN. Should be used with caution in individuals with a history of gastrointestinal disease, par- 


itis. 
FORMATION. FÜR isda As with some other cephalosporins, a disulfiram-like reaction 
aracterized be flushing, nigh i and tachycardia may occur when alcohol beer, wine, 
is Ages within nous r CEFOTAN administration. Patients should be cautioned about the 
tion of alcaholic beverages fodowing the administration of CEFOTAN. 
UG INTERACTIONS: Although to date nephrotoxicity has not been noted when CEFOTAN was gen 
ne, itis possibie that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly wi 


RY TEST INTERACTIONS: A faise positive reaction for glucose in urine may occur 
fehling's solution. 

iphialosporins, high concentrations of cefotetan may interfere with measurement of 
creatinine levels by Jaffe reaction and produce false increases in the levels of 


|, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
Hrom ib Hiver carcinogenic potential, no mutagenic potertial of 
lard laboratory tests 
cts on the testes of prepubertal rats. Subcutaneous administration of 
8-16 times the ad aduit human dose} on days 6-35 of life {thought to be 
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CEFOTAN® (cefotetan disodium) 


developmentally analogous to late childhood and + uberty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli anc Leydig cells were unaffected. incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual humaa dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methylthistetrazole- 
containing antibiotics and impaired fertility has been reported, ia athigh dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for Saveeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for & weeks. relevance ef these 
findings tc humans is unknown. 

USAGE IN PREGNANCY: B: Reproduction studies have teen performed ir rats 

and monkeys at doses up to 2C times the human dose and have revealed no svidence of impared tertii- 

ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlied studies in 

pregnant women. Because animal reproductive studies are not always predictive of human response, 

this drug should be used du Ud rael only if clearly needed. 

USAGE IN NURSING MOTH Cefotetan is excreted in human milk in very ‘ow concentrations. Cat- 

tion should be exercised when cefotetan is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 
symptoms occurred in 1.5% o patients; the most frequent were diarrhea (1 ia 80) and 

nausea (1 in 700). 

Hematologic laboratory abnormalities occurrec in 1.4% of patients and inciuded eosinophilia 11 in 200), 

sitive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 

enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150, SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 
m iy reactions were reported in 1.2% of patients and included rash (1 in 150) and-tching 
in 


Local effects were reported in less than 1.0% of patients and included phlebitis at the site of iajection 
(1 in 300). and discomfort (1 in 500). During postmarketing experience with CEFOTAN, anaphylactic 
reactions and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult cosage is 1 or 2 grams of CEFOTAN administerad RUM intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route af admnistration shouid be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causativeorganism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of infection Dally Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every iz; hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 1Z hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or iM 
Severe 4 grams 2 g every 12 hours iV 
Life-Threatening 6* grams 3 g every 12 hous IV 


“Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or sotentially contaminated 
eL AR aduits, the recommended dosage is 1 or 2 g of CEFÜTAN adminissered once, intravenously, 
30 to 60 minutes prior to surgery. 1n patients undergoing cesarean section, *he dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced-dosage schedule must be 
employed. The following dosage guidelines may be used 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinina Clearance 
mL/min Dose Frequency 
>30 Usual Recommended Dosage’ Evewy 12 hours 
19-30 Usual Recommended Dosage” Ever 24 hours 
« 10 Usual Recommended Dosage" Evew 48 hours 


*Dose determined by the type and severity of infection, and susceptibility of the causative organism. 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reCuced to. 
one-half the usual recommenced dose for patients with a creatinine clearanee of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than oG mL/min. 
When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady stats of renal functioa. 


Weight (kg) x (140 - age} 


Males: rn 
72 x serum creatinine (mg^100 mi ) 


Females: 


Cefotetan is iae! rad and it is recommended that for patients undergoing intermittent hersodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours os days between dialysis 
and one-half the usual recommended dose on the an of dialysis. 

HOW SUPPLIED 

CEFOTAN is a dry, white to pale yellow powder supplied in viais containing-cafotetan disodiure equiv. — — 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular acrainistration. The | g dose is —- 


09 x value for maies 


available :n 10 mL and hei mL vials, and the 2 g dose is available in 20 mi. and 100 mL vials. CEFÜTAN — : 


is also available in a pharmacy bulk package 6: 10 g in 100 mL vials. The vizis should not be stored at 

emperane, above *C and should be protected from light. | ^ 
iR in 10 mL vial (NDC 003€- Raniah 2 gin 20 mL vial (Noc 0038-0377-20y. 1 1 in 100 mx vial — 

(NDC 0028-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21); 10 g in 100 mí vial (NDO 0038-2375-103. 


Manufactured for 


STUART PHARMACEUTICALS 
A business unit of ICi Americas inc. 


Wilmington, Delaware 19897 USA Rev. i 11/88 
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References: 1. Nightingale CH, Smith KS, Quintiliani R, et al: The conversion of cefoxitin usage 
to cefotetan: An interdisciplinery approach. Am J Surg 1988;155(5A) 101-102. 2. Sochalski A, 
Sullman S, Andriole VT. Cost-effectiveness study of cefotetan versus cefoxitin and cefotetan 
versus combination antibiotic regimens. Am J Surg 1988;155(5A):96-101. 3. CEFOTAN® 
(cefotetan disodium) full prescribing information issued March 1986. 4. Physicians' Desk 
Reference, ed 43. Oradell, NJ, Medical Economics Co, 1989. Mefoxin® (cefoxitin sodium, MSD), 
pp 1355-1357. 5. Carver M, Quintiliani R, Nightingale CH: Comparative pharmacokinetic 
study of cefotetan and cefoxitin in healthy volunteers. Infect Surg, April 1986 (suppl), 

pp 11-14. 6. Quintiliani R, Nigntingale CH, Stevens RC, et al: Comparative pharmacokinetics 
of cefotetan and cefoxitin in patierts undergaing hysterectomies and colorectal operations. 
Surg 1988;155(5A):67-70 
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Onc for prophyl xis. 
Once daily for cure. 


The prophylactic dose of ROCEPHIN is also the daily therapeutic 
dose. ROCEPHIN, 1 gm given once prior to surgery" provides 
effective prophylaxis against infection and is on board throughout 
the perioperative period—even if surgery is delayed or prolonged. 
And ROCEPHIN, 1 gm given once a day, is the therapeutic dosage 
for the following common postsurgical infections: respiratory 


tract or skin/skin structure infections due to Staphylococcus aureus, 
Klebsiella pneumonrae and Proteus mirabilis; urinary tract infections 


due to Escherichia coli, K. pneumoniae and P mirabilis. 


Efficacy, economy and ease. ROCEPHIN: 1 gm once for prophylaxis, 
once daily for cure. 


Once-a-day 


Rocephnmn.., 
ceftnaxone sodium/Roche 


As with any cephalosporin, there exists the possibility of hypersensitivity reactions, 
especially in individuals with a history of sensitivity. 





© 1989 by Hoffmann-La Roche Inc. “In contaminated or potentially contaminated Please see adjacent page for summary of product information. 
All rights reserved procedures (eg., vaginal or abdominal 

hysterectomy), and for patients in whom 

nfection at the operative site would present 

serious risk (eg., coronary artery bypass 

graft [CABG] surgery). 
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INDICATIONS.AND USAGE: Rocephin is indicated for the treatment of the following infections when 
caused by susceptible organisms: 

LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Streptococcus spe- 
cies (excluding enterococci), Staph. aureus, H. influenzae, H. parainfluenzae, Klebsiella species 
(including K pneumoniae), E. coli, E. aerogenes, Proteus mirabilis and Serratia marcescens. 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph. epidermidis, Strep- 
tococcus species (excluding enterococci), E. cloacae, Klebsiella species (including K. pneumo- 
niae), Proteus mirabilis and Pseudomonas aeruginosa. 

URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E. cali, Proteus mir- 
abilis, Proteus vulgaris, M. morganii and Klebsiella species (including K. pneumoniae). 
UNCOMPLICATED GONORRHEA (cervicallurethral and rectal) caused by Ne'sseria gonor- 
rhoeae, including both penicillinase and nonpenicillinase producing strains, and pharynceal gon- 
orrhea caused by nonpenicillinase producing strains of Neisseria gonorrhoeae. 

PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 

BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae, E. coli, H. nfluenzae and 
K. pneumoniae. 


BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Streptococcus 


species (exeluding enterococci), E. coli, P. mirabilis, K. pneumoniae and Enterobacter species. 


INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 


MENINGITIS caused by H. influenzae, N. meningitidis and Strep. pneumoniae. Ceftriaxone has 
also been used successfully in a limited number of cases of meningitis and stunt infections 
caused by Staph. epidermidis and E. coli. 


SURGICAL PRCPHYLAXIS: Preoperative administration of a single 1 gm dose may reduce inci- 
dence of postoperative infections in patients undergoing surgical procedures classifiec as con- 
taminated or potentially contaminated (e.g., vaginal or abdominal hysterectomy) end in those for 
whom infection at the operative site presents serious risk (e.g., 
during coronary artery bypass surgery). 


Although ceftriaxone has been shown to have been as effective 
as cefazolin m the prevention of infection fo lowing coronary artery 
bypass surgery, no placebo-controlled trials have been conduct- 
ed to evaluate any cephalosporin antibiotic in the prevention of 
infection following coronary artery bypass surgery. When admin- 
istered before indicated surgical procedures, a single 1 gm dose 
provides pratection from most infections due to susceptible orga- 
nisms for duration of procedure. 


SUSCEPTIBILITY TESTING: Before instituting treatment with 
Rocephin, appropriate specimens should be obtained for iscla- 
tion ofthe causative organism and for determination of its suscep- 
tibility to the drug. Therapy may be instituted prior to obtaining 
results of susceptibility testing. 


CONTRAINDICATIONS: Rocephin is contraindicated in patients with 
known allergy tc the cephalosporin class of antibiotics. 


WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, 
CAREFUL INQUIRY SHOULD BE MADE TC DETERMINE WHETH- 
ER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY RE- 
ACTIONS TO CEPHALOSPORINS. PENICILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY 
TO DRUGS, SERIOUS ACUTE HYPERSENSITIVITY REACTIONS 
MAY REQUIRE THE USE OF SUBCUTANEOUS EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 


Pseudomembraneus colitis, reported with nearly all antibacterial agents, including ceftriaxene, may 
range in severity trom mild to life-threatening. Therefore, consider this diagnosis in patients who present 
with diarrhea subsequent to administration of antibacterial agents. 


Treatment with antibacterial agents alters normal flora of the colon and may permit overgrowth 
of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
"antibiotic-associated colitis." 

After establisning diagnosis of pseudomembranous colitis, initiate therapeutic measures. Mild 
cases of pseudomembranous colitis usually respond to drug discontinuation alona. In moderate 
to severe cases, consider management with fluids and electrolytes, protein supplementation and 
treatment with an oral antibacterial drug effective against C. difficile. 


PRECAUTIONS: GENERAL: Although transient elevations of BUN and serum creatirine have been 
observed, at the recommended dosages, “he nephrotoxic potential of Rocephin is similar to that 
of other cephalosporins. 


Ceftriaxone is excreted via both biliary and renal excretion (see Clinical Pharmacology). There- 
fore, patients with renal failure normally require no adjustment in dosage when usual doses of 
Rocephin areadministered, but concentrations of drug in the serum should be monitored period- 
ically. If evidence of accumulation exists, dosage should be decreased accordingly. 


Dosage adjustments should not be necessary in patients with hepatic dysfuncticn; however, in 
patients withiboth hepatic dysfunction and significant renal disease, Rocephin dosage should not 
exceed 2 gm daily without close monitoring of serum concentrations. 


Alterations in prothrombin times have occurred rarely in patients treated with Rocephin. Patients 
with impaire@vitamin K synthesis or iow vitamin K stores (e.g., chronic hepatic disease and mal- 
nutrition) may require monitoring of prothrombin time during Rocephin treatment. Vitarrin K ad- 
ministration [10 mg weekly) may be necessary if the prothrombin time is prolonged before or 
during therany. 

Prolonged use of Rocephin may resu't in overgrowth of nonsusceptible organisms. Careful obser- 
vation of the»patient is essential. If superinfection occurs during therapy, appropriate measures 
should be taken. 


Rocephin should be prescribed with caution in individuals with a history of gastrointestinal dis- 
ease, especsally colitis. 

Rare cases reported of sonographic abnormalities seen in the gallbladder; patientsmay also have 
symptoms c* gellbladder disease. These abnormalities, variously described as sludge, pre- 
cipitations, echoes with shadows, may be misinterpreted as concretions. Chemica natura of son- 
ographically-detected materia! not determ ned. Condition appears to be transient and reversible 
upon discontinuation of Rocephin and conservative management. Therefore, discontinue 
Rocephin if signs and symptoms suggestive of gallbladder disease and/or the sonographic find- 
ings described above develop. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: Considering 
the maximurmduration of treatment and the class of the compound, carcinogenicity studies with 
ceftriaxone imanimals have not been performed. The maximum duration of animal toxicity studies 
was six months. 


Mutagenesis Genetic toxicology tests included the Ames test, a micronucleus test and a test for 
chromosomal aberrations in human lymphocytes cultured ín vitro with ceftriaxone. Ceftriaxone 
showed no potential for mutagenic activity in these studies. 


Impairment cfFertility: Ceftriaxone produced no impairment of fertility when given irtravenously to 
rats at daily doses up to 586 mg/kg/cay, approximately 20 times the recommended clinical dose 
of 2 gm/day. 

PREGNANCY? Teratogenic Effects: Pregnancy Category B. Reproductive studies Fave been per- 
formed in mice and rats at doses up to 20 -imes the usual human dose and have no evidence of 
embryotoxicity, fetotoxicity or teratogenicity. In primates, no embryotoxicity or tera:ogenicity was 
demonstrates at a dose approximately thrae times the human dose. 

Thereare, however, no adequate and well-controlled studies in pregnant women. Because? animal 
reproductive studies are not always predictive of human response, this drug should be used dur- 
ing pregnancy only if clearly needed. 
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ROCEPHIN® (ceftriaxone sodium/Roche) 
Nonteratogenic Effects: In rats, in the Segment | (fertility and general reproduction) and Segment III 


(perinatal and postnatal) studies with intravenously administered ceftriaxone, no adverse effects were 


noted on various reproductive parameters during gestation and lactation, including postnatal 
growth, functional behavior and reproductive ability ofthe offspring, at doses of 586 mg/kg/day or less. 


NURSING MOTHERS: Low concentrations of ceftriaxone are excreted in human milk. Caution 
should be exercised when Rocephin is administered to a nursing woman. 


PEDIATRIC USE: Safety and effectiveness of Rocephin in neonates, infants and children have 
been established for the dosages described in the Dosage and Administration section. /n vitro 
studies have shown ceftriaxone, like some other cephalosporins, carmd splace bilirubin from ser- 
um albumin. Rocephin should not be administered to hyperbilirubinemic neonates, especially 
prematures. 


ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical trials, the following adverse 
reactions, which were considered to be related to Rocephin therapy or cf uncertain etiolegy, were 
observed: 


LOCAL REACTIONS — pain, induration or tenderness at the site of injection (196). Less frequently 
reportec (less than 196) was phlebitis after I. V. administration. 


HYPERSENSITIVITY — rash (1.7%). Less frequently reported (less than 1%) were pruritus, fever 
or chills. 


HEMATOLOGIC — eosinophilia (6%), thrombocytosis (5.1%) and leukopenia (2.1%). Less fre- 
quently reported (less than 1%) were anemia, neutropenia, lymphopenia, thrombocytopenia and 
prolongation of the prothrombin time. 


GASTROINTESTINAL — diarrhea (2.796). Less frequently reported (less than 1%) were nausea 
or vomiting, and dysgeusia. Onset of pseucomembranous colitis symptoms may occur during or 
after antibiotic treatment (see WARNINGS). 


HEPATIC — elevations of SGOT (3.1%) or SGPT (3.3%). Less frequently reported (less than 1%) 
were elevations of alkaline phosphatase ard bilirubin. 


RENAL — elevations of the BUN (1.296). Less frequently reported (less than 196) were elevations of 
creatinine and the presence of casts ^n the urine. 


CENTRAL NERVOUS SYSTEM — heacache or dizziness were re- 
ported occesionally (less than 1%). 


GENITOUR'NARY — moniliasis or vaginitis were reported occa- 
sionally (less than 1%). 


MISCELLANEOUS — diaphoresis and flushing were reported oc- 
casionally (less than 196). 


Other rarely observed adverse reactions (less than 0.1%) include 
leukocytosis, lymphocytosis, monocytosis, basophilia,adecrease 
inthe prothrombin time, jaundice, gallbladder sludge, glycosuria, 
hematuria, enaphylaxis, bronchospasm. serum sickness. abdom- 
inal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis. 


DOSAGE AND ADMINISTRATION: Rocephir may be administered in- 
travenously or intramuscularly. The usual adult daily dose is 1 to 
2 gm given once a day (or in equally divided doses twice a 
day) depending on the type and severity of the infection. The total 
daily dose should not exceed 4 grams. 


For the treatment of serious miscellaneous infections in children, 
other than meningitis, the recommended tota! daily dose is 50 to 
75 mg/kg (not to exceed 2 grams), given in divided doses every 
12 hours. 


Generally, Rocephin therapy should be continued for at east two 

days after the signs and symptoms of infection have disappeared. 

The usual duration is 4 to 14 days; in complicated infectiens long- 
er therapy may be required. 

Inthe treatment of meningitis, a daily dose of 100 mg/kg (not to ex- 

ceed 4 crams), given in divided doses every 12 hours, should be administered with or without a 
loading dose of 75 mg/kg. 

For the treatment of uncomplicated gonococcal infections, a single intramuscular dose of 250 mg 
is recommended. 

For preooerative use (surgical prophylaxis), a single dose of 1 gm administered 1/2 to 2 hours be- 
fore surgery is recommended. 

When treating infections caused by Streptococcus pyogenes, therapy should be continued for at 
least ten days. 

No dosage adjustment is necessary for patients with impairment of renal or hepatic function; how- 

ever, bicod levels should be monitored in 2atients with severe rena! impairment (e.g.. dialysis 
patients; and in patients witn both renal and hepatic dysfunctions. 

HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as asterile crystalline powder in 
glass vials and piggyback bottles. The following packages are available: 

Vials containing 250 mg, 500 mg, 1 gm or 2 gm equivalent of ceftriaxone; piggyback bottles con- 
taining 1 gm or 2 gm equivalent of ceftriaxone; bulk pharmacy containers containing 10 gm equiv- 
alent of ceftriaxone (NOT FOR DIRECT ADMINISTRATION). 

Also supplied as a sterile crystalline powder as follows: 

ADD-Vantage Vials** containing 1 gm or 2 gm equivalent of ceftriaxone. 

Also supplied premixed as a frozen iso-osrrotic, sterile, nonpyrogenic solution of ceftriaxone so- 
dium in 50 mL single dose plastic containers,’ as follows: 

1 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.9 gm dextrose hydreus, USP 
added. 

2 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.2 gm dextrose hydreus, USP 
added. 

NOTE: Rocephin in the frozen state should not be stored above -20°C. 

*Registered trademark of Abbott Laboratories, Inc. 

'Manufactured for Roche Laboratories, a division of Hoffmann-La Roche Inc., by Travenol Labo- 
ratories Inc., Deerfield, Illinois 60015. 





Revisad: February 1991 


Roche Laboratories 


4 a division of Hoffmann-La Roche Inc. 


340 Kingsland Street 
Nutley, New Jersey 07110-1199 





Pittsburgh 


ourse for written and oral boards offers unlimited modis exams 





| OBJECTIVES 


METHODS 
è To increase knowledge of surgical principles and practice è HOME STUDY questions, assignments and answers - d 
* To prepare candidates to take written and oral board exams e SEMINAR with slides and syllabus (Part I course. pm 
* To provide a comprehensive review for recertification € PRACTICE EXAMS with written and oral sections | 
. "The faculty was outstanding. The most pleasant thing was learning a tremendous amount, “Accommodations were comforiable.. "Em 


. notonlyfromworld-4amous authorities butfrom people whoare relativelyunknown as well."* COURSES AND LOCATIONS: The "m 
Part I course is mostly lectures and evening 


















Part II Courses: Faculty Part I Courses: mock oral exams to help you prepare for 
c 1126.58 Omah, : T your written and oral or recertification 
n Apr ii a oy April 26-28 ~ Omaha ae T ~ Pittsburgh exams, The course is given in Pittsburgh a 
(^ ^ — mme7-9 -Seati Garnet Blatchford, M.D. tober 17-23- Chicago — month before (and in Chicago the weekend — 
D ad | ion SeaTac. University of Nebraska Basic Surgery before) written and recertification exams. — 
ae Allan Campbell, M.D. The Part I course is mock oral exams for- 
Sept. 20-22 - Pittsburgh University of Nebraska Anatomy three days before and in the same city as | 
The Part Il Course is designed james "Red" Duke, M.D. Phy siology each oral exam. Each participant is guaran- 
| foprepareboardcandidatesfor = Univ, of Texas, Houston Anesthesiology teed a one-on-one public mock oralandcan ^. 
_ oral exams. The course will John Edwards, M.D. Shock purchase additional public or private - 
rd bs peers sears Creighton University Neoplasia exams. Before either course home study 
prese : Charles Goldman, M.D. Tal -j questions and answers will be sent upon 
d anne to questibns University of Minneapolis ea nm receiving half of your registration fee. Past 
ment options. and complica, Steve Raynor, sek Surgical Critical Care — | Well before written or oral boards and 
. and compl EMI CAR well before written or o an 
ens dien wil critique salade. Pre- and Post-op. Care repeating for half price immediately before d 
each exam answer ques- me our exam. 5 
ons. Seaford, Delaware General Surgery — |j PP as 
Each participant will have an P. Harlan Stone, M.D. Alimentary Tract OX SPE Ec EE 3 
w : Fairview General, Cleveland LOWEST AIR FARES: Please call 
exam and critique session and Abdomen  — toll- free 1-800-548-8185 for group fares. 
nino Sa other June 7.9 — Seattle Breast and Skin "the most education for the money."* 
icis doas ipm sulle gen Mary Barnhart, M.D. Endocrine FEES AND COURSE HOURS: VIS 
$70 and private nin (ie Portland Adventist Hospital Head and Neck e Surgeon or Resident: omy Res Hrs 
wc pc... — lan Cleator, M.D. d e Part I course (7 days): $780. $520 65  — 
no other participants observ- Ts versity of British Columbia SPecial Surgery repeating within 3 years: $390. $390 (65 — 
ing) may be arranged for anad- D Thoracic Surge è Part H course G days): $540 $360 28 
ditional $30. Topics will in. Larry M. Gentilello, M.D. lel repeating within 3 ae $270 $270 28 
clude diseases and trauma of; University of Washington Cardiac Surgery eExtramockoralexam: $70 $70 12 
i Robert C. Harrison, M.D. Vascular Surgery e Private mock oral exam: $100 $100 12 
Alimentary Tract University of British Columbia Orthopedic Surgery è Add 10% within 10 days of the course, — 
Abdomen p dept id Hand Surgery * "aie uds hotel add $20/day. 
: | i ington dedi e Deposit will reserve your position | 
Breast and Skin pde ds "a Pediatric Surgery 
b Kaj Johansen, M.D. e Home study materials will be mailed after 
Head and Neck" . Unius of Washington Urologic Surgery half of registration fee is received. : 
Thorax ^. Armando Sardi, M.D, Gynecologic Surgery e Subject to $50 charge, refunds will be made em 
1 — Tulane University Neurosurgery until the seminar begins. cT 
Vascular System | Mond quao M * The Alton Ochsner Medical Foundation is 
! — H. Harlan Stone, M.D. Ophthalmology dited by the Accredi Council: 
Endocrine System ' Fairview General, Cleveland — Plastic Surge Cont dicii men e 
| O ys , ECTy Continuing Medical Education (ACCMI 






















*Comments by Osler panapa | 


DEO veu SILET NSQNE ER PDT. Meo M: re ree ee eee ee ee one ee ee : to Sponsor continuing medical educati 
: Limited Enrolment: SURGERY BOARDS REVIEW REGISTRATION : for physicians. The Alton Ochsner Mec 
O dues : cal Foundation designates this contin 
; : : medical education activity for 28 he 
: Address * (Part H courses) in Category 1 of 
A uim : Physician's Recognition Award of the 
> City/State/Zip _ : American Medical Association. 

1. Phone : "home study material warren epi : 
- M i t t For: [7] Part I Course: : INFORMATION: : a 
: Mall today to: Part If Course: e Osler Institute — 

5 y D oa - 1094 Dawn Lane, P.O. Box 2218 
H .. 1094 Dawn Lane, Dept. 104 I — : Terre Haute, IN47802 — 
+ BO. Box 2218 [3 Check is enclosed for $ : (800) 356-7537 or (812) 299-5658 . 
i. Li 


* . Terre Haute, IN 47802 [ Please send FREE SAMPLE 


2) ee ee ee eee AE A AA DA E OM A ee ee 








pee 

Š a” 
E as 
Ut v 


» Anew sense of 
$ security in — 
¡endoscopic ligation 


Introducing ABSOLOK and LIGACLIP" 
" Endoscopic Clip Appliers 


Applier and clip designs that work together 
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Austria: (On the Improvement of Surgical Education 200 Years Ago) 


Karl Holubar, MD, Vienna, Austria 




















Laser and Laparoscopic Cholecystectomy: A Hazardous Union? 423 


David W. Easter, MD, A. R. Moossa, MD, San Diego, Calif 




















PAPERS READ BEFORE THE 43RD ANNUAL 
CANCER SYMPOSIUM OF THE SOCIETY OF 
SURGICAL ONCOLOGY, WASHINGTON, DC, 
MAY 19 TO 22, 1990 — PART Il 


a € m — M — — HÀ 


Radiation Therapy for Intraductal Carcinoma: 424 


Is It an Equal Alternative? 

Melvin J. Silverstein, MD; James R. Waisman, MD; 

Eugene D. Gierson, MD; William Colburn, MD; 

Parvis Gamagami, MD; Bernard S. Lewinsky, MD, Van Nuys, Calif 

e Ductal carcinoma in situ of the comedo variety is more aggressive and more likely tc recur 
than its noncomedo counterpart. 
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Local-Regional Breast Cancer Recurrence Following Mastectomy 

J. P. Crowe, Jr, MD; N. H. Gordon, PhD; A. R. Antunez, MD; 

R. R. Shenk. MD; C. A. Hubay, MD; J. M. Shuck, MD, DSc; 

and Participating Investigators, Cleveland, Ohio 

e Larger tumors, more node involvement, and a shorter DFI following mastectomy were 
associated with more rapid distant recurrences. 











Treatment of Human Melanoma Hepatic Metastases 


in Nude Mice With Human Cytotoxic T Lymphocytes 

Nancy J. Crowley, MD; Carol E. Vervaert, MT; 

Hilliard F. Seigler, MD, Durham, NC 

e Human-specific cytotoxic T lymphocytes are an effective in vivo model of adoptive 
immunotherapy and may be useful in humans with metastatic melanoma. 
Clinical Relevance Statement: Loren J. Humphrey, MD, Columb a, Mo 
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Narrow Excision (1-cm Margin): 
A Safe Procedure for Thin Cutaneous Melanoma 
Umberto Veronesi, Natale Cascinelli, MD, Milan, Italy 


e Disease-free and survival rates at 90-month follow-up were similar between groups of 1-cm 
and 3-cm margins of excision. 
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BALANCED COVERAGE' WITH 


MEFOXIN' 


(CEFOXITIN SODIUMIMSD) 


tin vitro activity against indicated aerobes and anaerobes 


MEFOXIN is contraindicated in patients who have shown hypersensi- 
tivity to cefoxitin and the cephalosporin group of antibiotics. 
MEFOXIN is not active in vitro against most strains of Pseudomonas 
aeruginosa and enterococci (e.g., Streptococcus faecalis) and many 
strains-of Enterobacter cloacae. Methicillin-resistant staphylococci 
are almost uniformly resistant to MEFOXIN. 

*in infections caused by indicated organisms at indicated sites 
Please see following page for a Brief Summary of Prescribing Information 












































indications and Usage: Irza/mect-Serious infections caused by susceptible strains o! the 
designated microorganisms in 'eforowing diseases: 
LOWER RESPIRATORY TRACT INFECTIONS including pneumonia and lung abscess, caused by 
< Shteplococeus pneumoniae, other steptozocci (excluding enteracocci, e g.. Strep. faecalis) Staphy- 
< Jococcus aureus (penicillinase and nan-penicillinase producing), Escherichia coll Klebsiella species, 
- Hemuphilusinfluenzae, and Becieicides species. 
-GENITOURINARY INFECTIONS. Lriaasy tract infections caused by E coli, Klebsiella species, Proteus 
- Mirabilis, inéole-positive Proteus twhich include the organisms new called Morganella morgan: and 
. Proteus vulgaris) and Providencia species including Providencia rettgeri j. U ncomplicated-gonorrhea 
due to Neisseria gonorrhoeae (cerigillinass and non-penicillinase producing), 
INTRA-ABD@MINAL INFECTIONS, incudirg peritonitis and intra-abdominal abscess. caused by £ 
Coll Klebsiella species, Bacteroides saecies including the B. fragilis group” and Clostridium species. 
GYNECOLOGICAL INFECTIONS, incuding endometritis, peivic cellulitis, and pelvic inflammatory 
disease, caused by E coll M. zcnarrtioeae ipenicillinase and nen-pericillinase producing), Bacte- 
.foldés species including the £ rags group* Clostridium species, Peplococcus species, Pento- 
Slreptococces species, and group B streptecocci. 
“SEPTICEMIA: caused by Sier oremmoniae. Staph. aureus (penicillinase and non-penicilliase 
producing), E coli, Klebsiella species, and Bacteroides species inciuding the 8 fragilis group* 
“BONE AND JOINT INFECTIONS caused by Stapf, aureus (peaicillinase and non-penicillinase 
- producing). 
~ SKIN AND SEIN STRUCTURE INFECTIONS caused by Staph, aureus (penicillinase and non-penicillin- 
ase producing), Steph. epidermidis. sireptecocci (excluding enteracocci;e g.. Strep. faecalis), E. coli 
P mirabilis, Klebsiella species. Bacteroides species including the B. fragilis group* Clostricium 
Species, Peptococcus species, and Feptostreplococcus species. 
-Although appropriate culture and Suseeptibility studies should be performed. therapy may be started 
while awaiting these results. Cebysitis is not active ín vitro against most strains of Pseudomanas 
aeruginosa and enterocacci (eq, Siren faecalis} and many strains of Enterobacter cloacae. Methicil- 
lin-res;stant staphylococci are aimost anitermly resistant to cefoxitin. 
Prevention —Prophylactic use in SütC:Cal procedures (e.g, hysterectomy, gastrointestinal Surgery 
cesarean Section, transurethra! prestatectomy) classified as contaminated or potentially contami- 
nated or in patients in whom subsequent infection at the Operative site would present a serious risk, 
€Q., prosthetic arthroplasty. 
MEFOXIN® (Cefoxitin Scdium, MSE) asual’y should be given ‘4 to 1 hour betore surgery and sheuld 
"usuaily be stopped within 24 hours since continuing administration of any antibiotic increases the 
possibility of adverse reactions but. in the majority of surgical procedures, does not reduce the 
incidence of subsequent infection. -iowexer, in patients undergoing prosthetic arthroplasty, it is 
recommended that MEFOXIN be continued for 72 hours after the surgical procedure. If there are signs 
ot infection, specimens tor culture should be obtained for identification of the causative organism so 
appropriate treatment may be institared. 
Contraindications: Previous *ypersensitivity to cefoxitin and the cephalosporin group of anti- 
ES. 













JNS TO CEFOXITIN, CEPHALOSPORINS, PENICILLINS, 
TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS 
SHG N TO ANY PATIENT WHO HAS DEMONSTRATED SOME 
FORM OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC REACTION TO CEFOXITIN OCCURS, 
DISCONTINUE THE DRUG. SERIOUS BYPE3SENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES 
eudomembranous colitis, from mild to life-threatening in Severity, has been reported 
th virtually all antibiotics (including cephalosporins); therefore, it is important to con- 
sider its diagnosis when diarrhez develops in association with antibiotic use. Broad-spec- 
n antibiotics alter normal fora 3fccion anc may permit overgrowth of clostridia: a toxin produced 
y Glostridiur difficile isa primary cause ofantibiotic-associated colitis, Mild cases may respond to 
drug discontinuance alone, in more-severe cases, management may include sigmoidoscopy, appro- 
itiate bacteriological studies, fluid, sientrolvte and protein supplementation, and use of a drug such 









fragiüis. B distasonis, B. catus, B. 'hetsiciaonweron, B. vulgatus 





FFOXITIN SODIUMIMSD 


‘tn vitro activity against indicated aerobes and anaerobes 


For more detailed information, consult your MSD Representative 
of see Prescribing Information. Merck Sharp & Dohme 





as oral váncemycin; isolation of the patient may be advisable. Other causes of colitis should also be 
Considered. 
Precautions: General Total daily dose should be reduced in patients with reduced urinary output 
due to renal insufficiency because high and prolonged serum antibiotic concentrations can occur 
from usual doses. Prescribe with caution in patients with a history of gastrointestinal disease, 
particularly colitis. Prolonged use may result in overgrowth of nonsusceptible organisms; repeated 
evatuation ofthe patient's condition is essential, if superinfection accurs, take appropriate measures. 
Drag interacuons— increased nephrotoxicity has been reported following concomitant administra- 
tion of cephatosporins and aminoglycoside antibiotics. 
Drug/Laboratory Test Interactions--High concentrations (7100 mcg/mL) may interfere with mea- 
surement of serum and urine creatinine levels by the Jatfé reaction and produce false increases of 
modest degree in creatinine levels reported: serum samples should not be analyzed for creatinine il 
withdrawn within 2 hours of cefoxitin administration. High concentrations may interfere with mea- 
Surement of urinary T7-hydtoxy-corticosteroids by the Porter-Silber reaction and produce false 
increases of modest degree in levels reported. A false-positive reaction for glucose in urine has been 
observed with CLINITEST** reagent tablets. 
Carcinogenesis, Mutagenesis, Fertility mpairment-No iong-term animal study has been performed 
on carcinogenic or mutagenic potential. Rat studies at approximately three times maximum recom- 
mended human dosage revealed no effects on fertility or mating ability. 
Pregnancy Category B— Reproduction studies in rats and mice did not reveal teratogenic or fetal toxic 
effects, although fetal weights were slightly decreased. In rabbits, cefoxitin was associated with a 
high incidence of abortion and maternal death, neither considered teratogenic. There are, however, no 
adequate anc well-controlled studies in pregnant women, Because animal reproduction studies are 
not always predictive of human response, this drug should be used during pregnancy only if clearly 
needed, 
Nursing Mothers Excreted in human milk: Exercise caution. 
Pediatric Use--Satety and efficacy in infants from birth to three months have not yet been estab- 
lished. in chddren three months and older, higher doses have been associated with increased - 
incidence ot eosinophilia and elevated SGOT. 
Adverse Reactions: The most common adverse reactions have been local reactions following 
intravenous or intramuscular injection. Other adverse reactions have been encountered infrequently, 
Local Reactiens~Thrombophlebitis with intravenous administration: pain, induration, and tender- 
ness after intramuscular injections. Allergic Reactions—Rash (including exfoliative dermatitis), pru- 
ritus, eosinophilia, fever, and other allergic reactions including anaphylaxis. Cardiovascular — 
Hypotension. Gastrointeslinal—Diarrhea, including documented pseudomembranous colitis during 
of affer treatment, and, rarely nausea and vomiting. Blood-Eosinophilia, leukopenia including 
granulocytopenia, neutropenia, anemia, including hemolytic anemia, thrombocytopenia, and bone 
marrow depression. A positive direct Coombs test may develop in some individuals, especially those 
with azotemia. Liver Function—Transient elevations in SGOT, SGPT, serum LOH, and serum alkaline 
phosphatase: jaundice. Renal Functioa—Elevatians in serum creatinine and/or blood urea nitrogen 
levels and. rarely acute renal failure. 
Note: in group A beta-hemolytic streptococcal infections, therapy should be maintained for at least 


10 days to guard against the risk of rheumatic fever or glomerulonephritis. in staphylococcal and . 3 u 
other infections involving a collection of pus, surgical drainage should be carried out where indicated. ^. 


Intramuscula: injections should be well within the body of a relatively large muscle such as the upper -~ 
outer quadrant of the buttock (ie, gluteus maximus); aspiration is necessary to avoid inadvertent’ 
injection into a blood vessel. The total daily dosage in infants and children should not exceed . 
12 grams. E 


How Supplied: Sterile cefoxitin sodium in vials, infusion bottles, and ADD-Vantage®* vials contain: ^ 


ing 1 gram or2 grams cefoxitin equivalent and in 10-gram bulk bottles. 


**flegistered trademark of Ames Company Division of Miles Laboratories, Inc. 
"Registered trademark of Abbott Laboratories, Inc. 
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ARCHIVES 


Suppressive Effects of Visceral Tumor on the Generation 442 


of Antitumor T Cells for Adoptive Immunotherapy 

Vernon K. Sondak, MD; Paul D. Wagner; Suyu Shu, PhD; 

Alfred E. Chang, MD, Ann Arbor, Mich 

e Viscera! tumor appears to directly suppress the development of host immune response to 
subcutaneous tumor rather than inhibit function of established immune cells. 
Clinical Relevance Statement: Charles M. Balch, MD, Neal R. Pellis, PhD, Houston, Tex 








A Cytotoxic T-Lymphocyte Clone Derived From Mice 447 


With Progressively Growing Tumors 

Shelley K. Hoover, PhD; Thomas H. Inge; James L. Frank, MD, Richmond, Va; 

J. Gregory McKinnon, MD, Calgary, Alberta; John Monaco, PhD; 

Brian Susskind, PhD; Harry D. Bear, MD, PhD, Richmond, Va 

e In an experimental liver metastasis model, the adoptive transfer of clone cells anc injection 
of recombinant interleukin 2 reduced the number of tumor nodules; the adoptive transfer 
of LAK cells was ineffective. 
Clinical Relevance Statement: J. Milburn Jessup, MD, Houston, Tex 





Effect of Morphine on Growth of Metastatic Colon Cancer In Vivo 454 
Mark P. Veager, MD, Thomas A. Colacchio, MD, Hanover, NH 
e Intermittent injections of a narcotic may decrease the growth of tumor cells that gain access 

to the circulation during a surgical procedure. 





Recurrent or Metastatic Disease in Select Patients With 457 


Adrenocortical Carcinoma: Aggressive Resection vs Chemotherapy 

J. Christian Jensen, MD; Harvey |. Pass, MD; William F. Sindelar, MD; 

Jeffrey A. Norton, MD, Bethesda, Md 

e Although no patient could be cured, resection of recurrent disease provided slight 
prolongation of survival and good palliation of Cushing's syndrome. 





Ubiquitin Hybrid Protein Gene Expression During 462 


Human Colon Cancer Progression 

Ken-ichi Mafune, MD, PhD; Jau Min Wong, MD; Raymond J. Staniunas, MD; 

Michael L. Lu, PhD; T. S. Ravikumar, MD; Lan Bo Chen, PhD; 

Glenn D. Steele, Jr, MD, PhD, Boston, Mass 

e Protein translation is highly activated during progression and metastasis of colon tumors; 
ubiquitin hybrid protein may be a useful marker of biological aggressiveness. 





Differential Effects of Sodium Butyrate and Hexamethylene 467 
Bisacetamide on Growth and Secretion of Cultured 


Human Endocrine Tumor Cells 
Dilipkumar Parekh, MD; Jin Ishizuka, MD; Courtney M. Townsend, Jr, MD; 
Bernard E. Haber, PhD; R. Daniel Beauchamp, MD; Srinivasan Rajaraman, MD; 
George Karp; Jell Hsieh, MS; James C. Thompson, MD, Galveston, Tex 
e The antiproliferative activity of NaB and HMBA and inhibitory effects of HMBA on amine 
synthesis warrant evaluation of these agents or analogues for treatment of metastatic 
carcinoid end gastrinoma. 
Clinical Relevance Statement: Michael J. Zinner, MD, Los Angeles, Calif 





Lymphokine-Activated Killer Cell Suppressor Factor in 476 


Malignant Effusions 

Jeffrey J. Pelton, MD; Douglas D. Taylor, PhD; Wyatt C. Fowler, MD; 

Cicek G. Taylor, PhD; Ned Z. Carp, MD; James L. Weese, MD, Philadeiphia, Pa 

€ A suppressor factor may represent a large multimeric structure with ionic-bonded individ- 
ual suppressive components. 





Localization of Malignant Melanoma Using Monoclonal Antibodies 481 
Joseph Wasselle, MD; Jeanne Becker, PhD; C. Wayne Cruse, MD; 
Carmen Espinosa, MD; Charles Cox, MD; Douglas Reintgen, MD, Tampa, Fla 
è In vivo tumor localization with a monoclonal antibody showed a sensitivity similar to that 
of other radiologic procedures for metastatic disease. 
Continued on page 477. 
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FFECTIVELY TREATS MUCOSAL & 
SYSTEMIC FUNGAL INFECTIONS WIT 


FEW SAFETY CONCERNS 


Neutrophil phagocytoses Candida albicans 


*Results of two randomized third-party blinded, open-label trials sing Diflucan 100 mg/day for 

/ to 14 days; clotrimazole 50 mc /day for 14 days. Results reflect clinical cure and improvement 
Endoscopic cure results of a double-blinded randomized trial comparing Diflucan 100 to 

200 mg/day; ketoconazole 200 to 400 mg/day 

'Open-label tria. Diflucan 100 to 200 m )/day 

'Open-label, randomized trial. Clinical cure and improvement results. Diflucan 200 to 400 mg/day or 
amphotericin B 0.3 to 0.6 mg/kg/day 

Multicenter, comparative study. Results reflect successful maintenance without culture confirmed 
re'apse as evaluated at a median of 212 days for Diflucan and 121 days for amphotericin B 
Diflucan: 200 mg/day: amphotericin B: 1 mg/kg/week. 





Provides excellent Clinical Success IN oropriaryrnpcat, 
esophageal, and systemic candidiasis, and 
cryptococcal meningitis: 























ESOPHAGEAL” 


(endoscopic cures) 


DIFLUCAN 89: mors 6" 
(54/61) (36/64) 


DISSEMINATED” 


OROPHARYNGEAL'" 


DIFLUCAN di clotrimazole % 
80% CURED ) 64% CURED 78... 


16% IMPROVED 205/214) 14% IMPROVED 
























CANDIDEMIA* URINARY TRACT” PERITONITIS* 



















DIFLUCAN (1496 DIFLUCAN % DIFLUCAN (49, DIFLUCAN =74% 
69% CURED 53% CURED 66% CURED 52% CURED 
22% IMPROVED 29/32) — | 26% IMPROVED / _/ 30/38 — | 25% IMPROVED 32/38) | 19% IMPROVED / & 02/30 




















/ ACUTE THERAPY? MAINTENANCE TO PREVENT RELAPSE" 
B DIFLUCAN .. amphotericin B DIFLUCAN o, amphotericin B /^ eo, 
26% CURED 5 8 Eie oui 5 5: 907 ] 
32% IMPROVED (54/93) 29% IMPROVED (32/58) (102/111) (52/78) 






P —- 0.00601 


Excellent safety profile and patient compliance 

In over 4,000 patients who received Diflucan for at least 7 days, the most 
common adverse events were nausea (3.7% ), headaches (1.9% ), and skin 
rash (1.8% ).’ 


Rare incidents of serious hepatotoxicity has been reported, but the causal 
relationship to Diflucan is uncertain." 


Extensive penetration to key tissues, organs, and fluids 
Distribution throughout the body approximates that of total body water after oral 
or IV dosing.’ 


Oral bioavailability of Diflucan >90% and unaffected by agents that increase 
gastric pH.” 


! $ ULLA AV 
Diflucan + 
(IU /COL ZO 


100 mg, 200 mg Tablets / 200 mg, 400 mg IV Injection 





1 JIUAP 


The Antifungal Effectiveness You Need. 
The Safety You Want. 


Please see trief summary of prescribing information on last page of this advertisement 





The Antifungal Effectiveness You Need. 
The Safety You Want. 








WITH ONCE DAILY DOSING 
FOR A WIDE RANGE OF 
PATIENTS 




















LOADING DAILY 
INDICATION DOSE THERAPY 
OROPHARYNGEAL CANDIDIASIS 200 mg 100 mg 
ESOPHAGEAL CANDIDIASIS 200 mg 100 mg* 
SYSTEMIC CANDIDIASIS 400 mg 200 mg 
CRYPTOCOCCAL MENINGITIS 
(acute) 400 mg 200 mg* 
CRYPTOCOCCAL MENINGITIS 
(maintenance to prevent relapse) 200 mg 200 mg 





*Doses of up to 400 mg/day may be used based on medical judgment of the patient's 
response to therapy. 


References: 1. McCloskey R. Hethorn J, Buell D: Fluconazole (FLU) vs clotrimazole (CLO) treatment of 
oropharyngeal candidiasis in adults with malignancy. Presented at 30th Interscience Conference on 
Antimicrobial Agents and Chemotherapy. Atlanta, GA, October 24, 1990. 2. Laine L: Esophageal 
Candidiasis in immunocompromised patients. Presented at a symposium entitied Advances in the 
Management of Opportunistic Aeg infections. Atlanta, GA, October 21, 1990. 3. Data available on 
request irom Roerig. 4. Powderly W, Saag M. Cloud G, et al: Fluconazole vs amphotericin B as mainte- 
nance therapy for prevention of relapse of AIDS-associated — meningitis. Presented at 30th 
Interscience Conference on Antimicrobial Agents and Chemotherapy. Atlanta, GA, October 24, 1990. 


INDICATIONS AND USAGE 
DIFLUCAN (fluconazc!e) is indicates for the treatment of: 


h: sod ha e andesophageal candidiasis. DIFLUCAN is also effective for the treatment of serious systemic 
candidal infections; including urinary tract intection, peritonitis, and pneumonia 
2. Cryptacoccal meningitis. 

Specimens for fungal culture aad other relevant laboratory studies (serology, histopathology) should be 
obtained prior to therapy to isolate and identity causative organisms. Therapy may be instituted before the results 
of the cultures and other laboratery studies are known; however, once these results become available, anti- 
infective therapy should be adjustec accordingly 


CONTRAINDICATIONS 
DIFLUCAN (fluconazowe) is contraindicated in patients who have shown hypersensitivity to fluconazole or to any 
of its excipients. There is no formation regarding cross hypersensitivity between fluconazole and other azole 
— agents. Caution should be used in prescribing DIFLUCAN to patients with hypersensitivity to other 
azoles. - 


D ifluca 


MLAN 
® ORAI 
NV 








LICOMAZOWG) 


100 mg, 200 mg Tablets / 200 mg. 400 mg IV Injection 


WARNINGS 
Patients who develop abnormal liver function tests during DIFLUCAN therapy should be monitored for the 
development of more severe hepatic injury. Although serious hepatic reactions have been rare and the causal 
association with DIFLUCAN uncertain, if clinical signs and symptoms consistent with liver disease develop that 
may be attributable to fluconazole, DIFLUCAN should be discontinued (See Adverse Reactions.) 
mmunocompromised patients who develop rashes during treatment with DIFLUCAN should be monitored 
closely aad the drug discontinued if lesions progress. (See Adverse Reactions.) 


PRECAUTIONS 

Drug Interactions (See Clinical Pharmacology) 
DIFLUCAN (fluconazole) increased the prothrombin time after warfarin administration. Careful monitoring of 
prothrombin time in patients receiving DIFLUCAN and coumarin-type anticoagulants is recommended 

DIFLUCAN increased the plasma concentrations of phenytoin. Careful monitoring of phenytoin concentrations 
in patients receiving DIFLUCAN and phenytoin is recommended 

DIFLUCAN has been infrequently associated with an increase in cyclosporine concentrations in renal transplant 
patients with or without impaired renal function. Careful monitoring of cyclosporine concentrations in patients 
receiving DIFLUCAN and cyclosporine is recommended 

DIFLUCAN increased the plasma concentrations and reduced the metabolism of tolbutamide, glyburide and 
glipizide When DIFLUCAN is used concomitantly with these or other sulfonylurea oral hypoglycemic agents. 
blood glucose concentrations should be carefully monitored, and the dose of the sulfonylurea should be adjusted 
as necessary. 

Rifampin enhances the metabolism of cancum administered DIFLUCAN. Depending on clinical circum- 
stances, consideration should be given to increasing the dose ot DIFLUCAN when it is administered with rifampin 

Physicians should be aware that drug-drug interaction studies with other medications have not been 
conducted, but such interactions may occur 
Carcinogenesis, Mutagenesis and impairment of Fertility 
Fluconazole showed no evidence of carcinogenic potential in mice and rats treated orally for 24 months at doses 
of 2.5, 5 or 10 mg/kg/day (approximately 2-7x the recommended human dose). Male rats treated with 5 and 10 
mg/kg/day had an increased incidence of hepatocellular adenomas 

Fluconazole, with or without metabolic activation, was jr in tests for mutagenicity in 4 strains of S. 
typhimurium, and in the mouse lymphoma L5178Y system. Cytogenetic studies in vivo (murine bone marrow 
cells, follawing oral administration of fluconazole) and in vitro (human lymphocytes exposed to fluconazole al 
1000 g/mL) showed no evidence of chromosomal mutations 

Fluconazole did not affect the ferlility of male or female rats treated orally with daily doses of 5, 10 or 20 mg/kg 
or with parenteral doses of 5, 25 or 75 mg/kg, although the onset of parturition was slightly delayed at 20 mg/kg 
p.o. In an intravenous perinatal study in rats at 5, 20 and 40 mg/kg, dystocia and prolongation of parturition were 
Observed n a few dams at 20 mg/kg (approximately 5-15x the recommended human dose) and 40 mg/kg, but not 
at 5 mg/kg The disturbances in parturition were reflected by a slight increase in the number of stillborn pups an 
decrease di neonatal survival at these dose levels. The effects on parturition in rats are consistent with the species 
specific estrogen-lowering property produced by n doses of fluconazole. Such a hormone change has not been 
observed n women treated with fluconazole. (See Clinical Pharmacology.) 


Pregnancy 
Teratogenic Effects. Pregnancy Category C: Fluconazole was administered orally to pregnant rabbits during 
organogenesis in two studies, at 5, 10 and 20 mg/kg and at 5, 25, and 75 mg/kg respectively. Maternal weight 
gain was 'mpaired at all dose levels, and abortions occurred at 75 mg/kg (approximately 20-60x the recom- 
mended human dose); no adverse fetal effects were detected. In several studies in which Daun rats were treated 
orally with fluconazole during organogenesis, maternal weight gain was impaired and placental weights were 
increased at 25 mg/kg. There were no fetal effects at 5 or 10 mg/kg; increases in fetal anatomical variants 
(supernumerary ribs, renal pelvis dilation) and delays in ossification were observed at 25 and 50 mg/kg and 
higher doses. At doses ranging from 80 mg/kg (approximately 20-60x the recommended human dose) to 320 
mg/kg emoryolethality in rats was increased and fetal abnormalities included wavy ribs, cleft palate and abnormal 
cranio-faczal ossification. These effects are consistent with the inhibition of estrogen synthesis in rats and may be 
a result of «nown effects of lowered estrogen on pregnancy, organogenesis and parturition 

There a no adequate and well controlled studies in pregnant women. DIFLUCAN should be used in pregnancy 
only if the potential benefit justifies the possible risk to the fetus 


Nursing Mothers | : 
It is not known whether fluconazole is excreted in human milk. Because many drugs are excreted in human milk, 
Caution should be exercised when DIFLUCAN is administered to a nursing woman 


Pediatric Use 
Efficacy of DIFLUCAN has not been established in children. A small number of patients from age 3 to 13 years have 
been treated safely with DIFLUCAN using doses of 3-6 mg/kg daily 


ADVERSE REACTIONS 
Sixteen percent of over 4000 patients treated with DIFLUCAN (fluconazole) in clinical trials of 7 days or more 
experienced adverse events. Treatment was discontinued in 1.5% of patients due to adverse clinical events and in 
1.396 of patients due to laboratory test abnormalities 

In combined clinical trials and foreign marketing experience prior to U.S. marketing, patients with serious 
underlying disease (predominantly AIDS or malignancy) rarely have developed serious hepalic reactions or 
exfoliative skin disorders during treatment with DIFLUCAN (See Warnings). Two of these hepatic reactions and one 
exfoliative skin disorder (Stevens-Johnson syndrome) were associated with a fatal outcome. Because most of 
these patients were receiving multiple concomitant medications, including many known to be hepatotoxic or 
associaled with exfoliative skin disorders, the causal association of these reactions with DIFLUCAN therapy is 
uncertain 

Clinical adverse events were reported more frequently in HIV infected patients (2196) than in non-HIV infected 
patients (1396); however, the patterns in HIV infected and non-HIV infected patients were similar The proportions 
of patients discontinuing therapy due to clinical adverse events were similar in the two groups (1.5%). 

he follewing treatment-related clinical adverse events occurred at an incidence of 1% or greater in 4048 
patients receiving DIFLUCAN for 7 or more days in clinical trials; nausea 3.7% headache 1.996, skin rash 1.896, 
vomiting 1.7%, abdominal pain 1.7%, and diarrhea 1.5%. 

In two comparative trials evaluating the efficacy of DIFLUCAN for the suppression of relapse of cryptococcal 
meningitis, a statistically significant increase was observed in median AST (SGOT) levels from a baseline value of 
30 IU/L to 41 IU/L in one trial and 34 IU/L to 66 IU/L in the other. The overall rate of serum transaminase 
elevations ef more than 8 times the upper limit of normal was approximately 1% in fluconazole-treated patients in 
clinical trials. These elevations occurred in patients with severe underlying disease, predominantly AIDS or 
malignancies, most of whom were receiving multiple concomitant medications, including many known to be 
hepatotoxic. The incidence of — elevated serum transaminases was greater in patients taking DIFLUCAN 
concomitantly with one or more of the following medications: rifampin, phenytoin, isoniazid, valproic acid. or oral 


sulfonylurea hypoglycemic agents. 
CED Roerig 
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ETHICON brings the experts in 
EndoSurgery to you on May 15, 1991 


"S 
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Attend a live, nationwide 
satellite teleconference 
featuring today's experts 
in EndoSurgery: 
e Jeffrey L. Ponsky. MD, FACS—Moderator 
President, SAGES 
e Robert J. Fitzgibbons, Jr, MD, FACS 
Creighton University School of Medicine, NE 
e J. Barry McKernan, MD, PhD, FACS 
Marietta Surgery Center, GA 
e Edward H. Phillips, MD, FACS 
Cedars Sinai Medical Center, CA 
e Barry A. Salky, MD, FACS 
Mount Sinai School of Medicine, NY 


Topics include the latest developments in laparoscopic 
cholecystectomy technique, plus innovations in laparo- 
scopic appendectomy, herniorrhaphy, and vagotomy. 
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On May 15, 1991, the ETHICON EndoSurgery Teleconfer- 
ence will be available by satellite in the following metro- 
politan areas: 


Atlanta New Brunswick, NJ 
Cleveland Pittsburgh 
Houston Chicago 
Miami Detroit 
Philadelphia Los Angeles 
Boston New York City 
Dallas Washington, DC 
Long Island Albuquerque 


Call 1-800-233-0460 to reserve your place or to 
receive more information on this exclusive teleconference 
event. 


INNOVATION 
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ETHICON 
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She's outbattled 

the Great Depression, 
her husband's death, 
and a myocardial 
infarction. 


Now she’s won a fight 
against gram-negative 
cholecystitis. 


For broad aerobic gram-negative 
coverage, including 

Pseudomonas aeruginosa, 

in serious intra-abdominal infections’: 


— Peritonitis 
— Abscess 
— Appendicitis 


Please see the adjacent page for a brief summary of prescribing 
information 


*Due to susceptible organisms. 


= Inthe management of gram-negative infection... 


Azactam 


aztreonam 








——aztreonam 


AZACTAM? FOR INJECTION 
Aztreonam For Imection 


DESCRIPTION-AZACTAM Jaztraonam, Squibb} is the first member of a new class 
of antibiotics classified es monobactams. AZACTAM is a totally synthetic bacterici- 
dal antibiotic with activity against a wide spectrum of gram-negative aerobic 
pathogers. The monobactams, having a unique monocyclic beta-lactam nucleus. 
are structurally different from other beta-lactam antibiotics. 

AZACTAM For iniection is a sterile, nonpyrogenic, sodium-free, white to yellowish- 
white lyophilized cake, containing approximately 780 mg arginine per gram of aztre- 
onam for intramuscular cr intravenous use following constitution. Aqueous solutions 
of the product have a pH in the range of 4.5-7.5. 


INDICAT:ONS AND USAGE -3efore initiating treatment with AZACTAM, appropriate 
specimer:s should be obtained for isolation of the causative organismis) and for de- 
terminatien of susceptibility tc aztreonam. Treatment with AZACTAM may be startec 
empirica£y before :esuits of the susceptibility testing are available; subsequently, ap- 
propriate:antibiotic therapy should be-continued. 

AZACTAM For Injection is indicated for the treatment of the following infections 
caused Cy susceptible gram-negative microorganisms: Urinary Tract infections 
(complicated and uncomplicated}. including pyelonephritis and cystitis (initial anc 
recurrent: caused by Escherichia coii, Klebsiella paeumoniae, Proteus mirabilis, 
Pseudomonas aeruginosa, Enterobacter cloacae, Kiebsiella oxytoca*, Citrobacter 
species* and Serratia marcescens*. Lower Respiratory Tract Infections. including 
pneumonia and bronchitis caused by Escherichia coli, Klebsiella pneumoniae, 
Pseudomonas aeruginosa, Haemophilus influenzae, Proteus mirabilis, Enterobacter 

-. Species and Serratia marcescens*. Septicemia caused by Escherichia coli, Klebsiella 
pneumoniae, Pseudomonas aeruginosa, Proteus mirabilis*, Serratia marcescens* anc 
Enterobacter species. Skin and Skin-Structure Infections, including those asso- 

. Ciated with postoperative wounds, ulcers and burns caused by Escherichia coli, 
Proteus mirabilis, Serratia marcescens, Enterobacter species, Pseudomonas aerugi- 
nosa, Kleosiella pneumoniae, and Citrobacter species”. intra-abdominal Infections. 
including. peritonitis caused by Escherichia coli, Klebsiella species, including K. 
pneumoniae, Enterobacter species including E. c/oacae*, Pseudomonas aerugi- 
nosa, Citiobacter species* cluding C. freundii* and Serratia species* including S. 
marcescens*. Gynecologic Infections, including endometritis and pelvic cellulitis 
caused by Escherichia coii, K'ebsieila pneumoniae *, Enterobacter species* includ- 
ing £. cicacae*, and Proteus mirabilis*. 

AZACTAM is indicated “or adjunctive therapy to surgery in the management of in- 
fections caused by susceptible organisms, including abscesses, infections compli- 
cating hellow viscus perforations. cutaneous infections and infections of serous 

v.v Surfaces. AZACTAM is effective against most of the commonly encountered gram- 
negative aerobic pathogens seen in general surgery. 


. Concurrent Thera&py- Concurrent initial therapy with other antimicrobial agents and 
AZACTAM is recommended before the causative organisms(s) is known in seriously 
zs dH patients whe are also at risk of having an infection due to gram-positive aerobic 
» pathogers. If anaerobic organisms are also suspected, therapy should be initiated 
using an antianaerob:c agent concurrently with AZACTAM. Certain antibiotics {8.g.. 
cefoxitin,imipenem) may induce high levels of beta-lactamase in vitro in some gram- 
negative aerobes such as Enterobacter and Pseudomonas species, resulting in an- 
tagonism to many deta-lactam antibiotics including aztreonam. These in vitro findings 
suggest :hat such beta-actamase inducing antibiotics not be used concurrently 
with. aztreonam. Following dentification and susceptibility testing, appropriate an- 
tidiotic therapy should be continued. 


CONTREINDICATIONS-Aztreonam is contraindicated in patients with known allergy 
| to this arttibiotic. 

WARNINGS-Pseudomembrenous colitis has been reported with neariy all anti- 
c - bacteriakagerts, including eztreonam, and may range in severity from mild to life- 
— threatening. Therefore, it is important to consider this diagnosis in patients who 
present with diarrhea subsequent te the administration of antibacterial agents. 
Treatment with antibacteria! agents alters the normal flora of the colon anc may 
= permit overgrowthof clostridia. Studies indicate that a toxin produced by Clostridium 

difficile is one primary cause of "antibiotic-associated colifis.” 

Alter the diagnosis of pseudomemoranous colitis has been established, therapeutic 
measures should 5e initiated. Mild cases of pseudomembranous colitis usually re- 
spond tc drug discontinuation alone. in moderate to severe cases, consideration 
Should be given te manegement with fluids and electrolytes, protein supplementa- 
tion, and treatmert with an cral antibacterial drug effective against C. difficile (e.g., 
vancomycin). Careful incuiry should bie made for a history of hypersensitivity reac- 
tion to ary antibiotic or other drugs. Antibiotics should be given with caution to any 
patient who has had some form of allergy, particularly to drugs. It is recommended 
that patients who have Pad immediate hypersensitivity reactions (e.g. anaphylactic 
cr urticar:al) to-periciliins and/or cepnalosporins should be followed with special care. 
Af an allergic reaction to azirsonam occurs, discontinue the drug and institute sup- 














*Efficacy#for this organism inthis organ system was studied in fewer than ten infections. 
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pertive treatment as appropriate (e.g., maintenance of ventilation, pressor amines, 
antihistamines, corticosteroids), Serious hypersensitivity reactions may require 
epinephrine and other emergency measures. 


PRECAUTIONS-General: in patients with impaired hepatic or renal function, ap- 
propriate monitoring is recommended during therapy. If an aminoglycoside is used 
concurrently with aztreonam, especially if high dosages of the former are used or if 
therapy-is prolonged, rena! function should be monitored because of the potential 
nephrotoxcity and ototoxicity of aminoglycoside antibiotics. The use of antibiotics 
may promote the overgrowth of nonsusceptible organisms, including gram-positive 
organisms and fungi. Should superinfection occur during therapy, appropriate mea- 
sures should be taken. 


Carcinogenesis, Mutagenesis, Impairment of Fertility-Carcinogenicity studies in 
animalis have not been performed. Genetic toxicology studies performed in vivo and 
in vitro wit aztreonam in several standard laboratory models revealed no evidence 
of mutagenic potential at the chromosomal or gene level. Two-generation reproduction 
studies in :ats at daily doses up to 20 times the maximum recommended human dose, 
prior to and during gestation and lactation, revealed no evidence of impaired fertil- 
ity. There was a slightly reduced survival rate during the lactation period in the off- 


spring of rats that received the highest dosage, but not in offspring of rats that. 


received tve times the maximum recommended human dose. 


Pregnancy-Pregnancy Category B: Aztreonam crosses the placenta and enters the 
fetal circulation. Studies in pregnant rats and rabbits, with daily doses up to 15 and 
5 times, respectively, the maximum recommended human dose, revealed no evidence 
of embryo- or fetotoxicity or teratogenicity. No drug induced changes were seen in 
any of the maternal, fetal or neonatal parameters that were monitored in rats receiving 
15 times the maximum recommended human dose of aztreonam during late gesta- 
tion and lactation. There are no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always predictive of human 
response, aztreonam should be used during pregnancy only if clearly needed. 


Nursing Mothers-Aztreonam is excreted in breast milk in concentrations that are 
less than 196 of concentrations determined in simultaneously obtained maternal 
serum; consideration shouid be given to temporary discontinuation of nursing and 
use of formula feedings. 


Pediatric Yse—Safety and effectiveness have not been established in infants and children. 


ADVERSE REACTIONS-Local reactions such as phlebitis/thrombophlebitis follow- 
ing IV administration, and discomfort/swelling at the injection site following IM ad- 
ministration occurred at rates of approximately 1.9% and 2.4%, respectively. Systemic 
reactions (considered to be related to therapy or of uncertain etiology) occurring at 
an incidence of 1 to 1.3% include diarrhea, nausea and/or vomiting, and rash. 
Reactions occurring at an incidence of less than 196 are listed within each body sys- 
tem in order of decreasing severity: Hypersensitivity-anaphylaxis. Hematologic-pan- 
cytopenia. neutropenia, thrombocytopenia, anemia, leukocytosis, thrombocytosis. 
Gastrointestinal-abdominal cramps, rare cases of C. difficile-associated diarrhea, ir- 
ctuding:pseudomembranous colitis, or gastrointestinal bleeding have been reported. 
Onset of pseudomembranous colitis symptoms rnay occur during or after antibiotic 
treatment (see WARNINGS). Dermatologic—purpura, erythema multiforme, urticaria, 
exfoliative dermatitis, petechiae, pruritus, diaphoresis. Cardiovascular-hypotension, 
transient ECG changes (ventricular bigeminy and PVC). Respíratory-one patient ex- 
periencec flushing, chest pain, and dyspnea. Hepatobiliary-hepatitis, jaundice. 
Nervous System-seizure, confusion, vertigo, paresthesia, insomnia, dizziness. 
Muscultoaskeletal--muscular aches. Special Senses-tinnitus, diplopia, mouth ulcer, al- 
tered taste, numb tongue, sneezing and nasal congestion, halitosis. Other-vaginal 
candidiasis, vaginitis, breast tenderness. Body as a Whole-weakness, headache, 
fever, malaise. 


Adverse Laboratory Changes- Those reported without regard to drug relationship 
during clinical trials were: Hepatic-elevations of AST (SGOT), ALT (SGPT), and al- 
kaline phosphatase; signs or symptoms of hepatobiliary dysfunction occurred in less 
than 196 of recipients (see abovel. Hemic-increases in prothrombin and partial 
thrombogpiastin times, eosinophilia, positive Coombs test. Renal-increases in serum 
creatinine. 


OVERDOSAGE- necessary, aztreonam may be cleared from the serum by hemodial- 
ysis and/or peritoneal dialysis. 


DOSAGE. AND ADMINISTRATION-Dosage adjustments are recommended for pa- 
tients with impaired renal function. In eiderly patients, estimates of creatinine clear- 
ance should be obtained and appropriate dosage modifications made if necessary. 


HOW SUPPLIED-AZACTAM For Injection (Aztreonam For Injection) -Lyophilized-is 
supplied in single-dose 15 mL vials containing 500 mg, or 1 gial, in single-dose 
30 mL viais containing 2 givial; and in single-dose 100 mL intravenous infusion bot- 
tias containing 500 mg or 1 g or 2 gibottle, 


Consul package insert before prescribing AZACTAM (aztreonam). (J4-231C} 
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5-HT, RECEPTOR-SELECTIVE CANCER- 
CHEMOTHERAPY ANTIEMETIC 
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A SHINING BREAKTHROUGH 
IN THE CONTROL OF EMESIS 


INDUCED BY CANCER 
CHEMOTHERAPY 





N ZOFRAN has been proven to be highly effective, '? 
even in preventing cisplatin-induced emesis.’ 


m ZOFRAN avoids the acute dystonic reactions* associated 
with dopamine blockade.'* 


ZOFRAN is contraindicated in patients with known hypersensitivity to ondansetron HCl. 


“There have been two reports consistent with, but not er Osh of, an 
extrapyramidal reaction in patients receiving ondansetro 
Please consult Brief Summary of Prescribing Information mad references 
on last page of this advertisement. 





THE FIRST OF A NEW CLASS OF ANTIEMETIC 
FOR CANCER CHEMOTHERAPY 
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€ - Cisplatin Patients 
Failure Over 24 Hours" 


P =0.009 


Data are from a single-blind study of 274 evaluable 
patients receiving cisplatin 3100 mg/m*. In addition 
to cisplatin, 68% of patients received other 
chemotherapeutic agents, including 
cyclophosphamide, etoposide, and fluorouracil.’ 
Treatment failure was defined as more than five 
emetic episodes, requirement of rescue antiemetic 
therapy, or withdrawal from study.' 





metoclopramide ZOFRAN. 
2 mg/kg IV x6 doses 0.15 mg/kg IV x 3 doses 
(n=138) (n=136) 


BI Unlike metoclopramide and prochlorperazine, it is believed that ZOFRAN 
selectively blocks 5-HTz receptors centrally and peripherally. 


The most common adverse event reported with ZOFRAN is mild to moderate headache, 
treatable with mild analgesics. 


*There have been two reports consistent with, but not diagnostic of, an extrapyramidal reaction in 
patients receiving ondansetron. 












B Patients receiving ZOFRAN were significantly more satisfied with 
overall control of nausea and vomiting (P 0.001) than patients receiving 
metoclopramide.’ 


i ZOFRAN was associated with 42% fewer treatment failures than 
metoclopramide (P —0.009)." 


Æ ZOFRAN does not generally cause sedation."” 


B ZOFRAN does not contribute to the diarrhea sometimes seen with cancer 
chemotherapy.’ 
B ZOFRAN is easily administered in three intravenous 0.15-mg/kg doses.’ 


2 mg/mL 
20-mL Multi-dose Vial 


Please consult Brief Summary of Prescribing Information and references 
on last page of this advertisement. 
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ondansetron HC] 
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8:30 12:00 
emetogenic 0.15 mg/kg ) 0.15 mg/kg O) 
“as over 15 minutes, chemotherapy over over 
= 30 minutes 15 minutes, 15 minutes, 
— before 4 hours 8 hours 
e ; 
ZOFRAN” Injecticn emetogenic after first dose after first dose 
2mg/mL — chemotherapy of ZOFRAN of ZOFRAN 
20-mL Muli-dose Vial 
Zofran* BRIEF SUMMARY Gastrointestinal: Constipation has been reported in 11% of chemotherapy patients 
(ondansetron hydrochloride: receiving multi-day ondansetron. 
Injection Metabolic: In comparative trials in cisplatin chemotherapy patients with normal 
baseline values of aspartate transaminase (AST) and alanine transaminase (ALT), these 
Dilute Before Using enzymes have been reported to exceed twice the upper limit of normal in 
For IV Injection Only approximately 5% of patients. The increases were transient and did not appear to be 


The following is a brief summary only. 3efore prescribing, see complete prescribing 
information in Zofran® Injection oroducz labeling 


INDICATIONS AND USAGE: Zofrar® Injection is indicated for the prevention of nausea 
and vomiting associated with initial anc repeat courses of emetogenic cancer 
chemotherapy, including high-dose cisplatin. 


CONTRAINDICATIONS: Zofran® Injection is contraindicated for patients known to have 
hypersensitiwity to the drug. 


PRECAUTIONS: 

Drug Interactions: Ordansetron dces ^ot itself appear to induce or inhibit the 
cytochrome 2-450 drug-metadolizing enzyme system of the liver. Because ondansetron 
is metabolized by hepetic cytochrome P-450 drug metabolizing enzymes, inducers or 
inhibitors of -hese enzymes may change the clearance and, hence, the half-life cf 
Ondansetron On the basis of available data, no dosage adjustment is recommended 
for patients en these crugs. Tumor resoonse to chemotherapy in the P 388 mouse 
leukemia model is not affected bv ondansetron. In humans, carmustine, etoposide, 
and cisplatin do not af-ect the pnarmacokinetics of ondansetron 

Carcinogenesis, wand lo Impairment of Fertility: Carcinogenic effects were not 
Seen in 2-year studies in rats enc mice with oral ondansetron doses up to 10 and 30 
mg/kg per day, respec-ively. Ondansetron was not mutagenic in standard tests for 
mutagenicity. Oral administration of ondansetron up to 15 mg/kg per day did not 
affect fertility or general reproductive performance of male and female rats. 
Pregnancy: teratogenic Effects Pregrancy:Category B: Reproduction studies have 
been performed in pregnant rats and rabbits at daily doses up to 4 mg/kg per day and 
have revealed no evidence of imcaired fertility or harm to the fetus. There are no 
adequate and well-controlled studies in pregnant women. Ondansetron should be used 
during pregnancy only if the potential benefit justifies the potential risk to the fetus. 
Nursing Mothers: Ondansetron is excreted in the breast milk of rats. It is not known 
whether ondansetron 5 excreted in human milk. Because many drugs are excreted in 
human milk, caution should b» exercised when ondansetron is administered to a 
nursing woman. 

Pediatric Use: Little informat or s avaiable about dosage in children 3 years of age or 
younger (see DOSAGE AND ADMIN'STRATION section for use in children 4 to 18 years of 
age). 

Use in Elderly Patients: Dosage edjustment is not needed in patients over the age of 
65. Prevention of nausea and vomiting in elderly patients was no different than in 
younger age-groups. 


ADVERSE REACTIONS: The following acverse events have been reported in individuals 
receiving oncansetron at a dosage of three 0.15-mg/kg doses in clinical trials. These 
patients were receivinc concomitant chemotherapy, primarily cisplatin, and IV fluids. 
Most were receiving a diuretic. 


related to dase or duration of therapy. On repeat exposure, similar transient elevations 
in peciit values occurred in some courses, but symptomatic hepatic disease did 
not occur. 

From a foreign report, one 80-year-old male patient with Iymphoma, who was a 
carrier of hepatitis B, developed liver failure 3 weeks after a third course of ondensetron 
— cyclophosphamide) and subsequently died. The etiology of the liver failure is 
unclear. 

Integumentary: Rash has occurred in approximately 1% of patients receiving 
ondansetron 

Central Nervous System: There have been two reports (one from US and one from 
foreign clinica! trials) consistent with, but not diagnostic of, an extrapyramidal reaction 
in patients receiving ondansetron. 

Other: Rare cases of bronchospasm, tachycardia, angina (chest pain), hypokalemia, 
electrocardicaraphic alterations, and grand mal seizures have been reported. Except 
for bronchospasm, the relationship to Zofran* (ondansetron HCI) Injection was unclear. 
Drug Abuse and Dependence: Animal studies have shown that ondansetron is not 
discriminatec as a benzodiazepine nor does it substitute for benzodiazepines in direct 
addiction studies. 


OVERDOSAGE: There is no specific antidote for ondansetron overdose. Patients should 
be managed with appropriate supportive therapy. Individual doses as large as 145 mg 
and total daily dosages (three doses) as large as 252 mg have been administered 
intravenously without significant adverse events. These doses are more than 10 times 
the recommended daily dose. 


DOSAGE AND ADMINISTRATION: The recommended intravenous dosage of Zofran* 
Injection is three 0.15-mg/kg doses. The first dose is infused over 15 minutes 
beginning 30 minutes before the start of emetogenic chemotherapy. Subsequent 
doses are administered 4 and 8 hours after the first dose of Zofran Injection. 

Zofran Injection should be diluted in 50 mL of 5% Dextrose Injection or 0.9% Sodium 
Chloride Injection before administration. 
Pediatric Use: On the basis of the limited available information, the dosage in children 
4 to 18 yearseof age should be the same as for adults (see above). Little information is 
available about dosage in children 3 years of age or younger. 


HOW SUPPLIED: Zofran® Injection, 2 mg/mL, is supplied in 20-mL multi-dose 


vials (NDC 0173-0442-00). h 4 
Store between 2 and 30 C (36 and 86 F). Protect from light. 
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Principal Adverse Events in Comparative Trials DIVISION OF GLAXOINC. 
Research Triangle Park, NC 27709 
Number of Patients with Event 
Zofran® Injection Metoclopramide Placebo References: 
r=185 patients n=156 patients n=34 patients 1. Hainsworth, Harvey W, Pendergrass K, et al. A single-blind comparison of intravenous 
ondansetron, a selective serotonin antagonist, with intravenous metoclopramide in the 
Diarrnea 41 (22%) 68 (44%) 6 (18%) prevention of nausea and vomiting associated with high-dose cisplatin chemotherapy. 
4 0 % J Clin Oncol. 1991; in press. 
Pisone sdb N kai 2. Cubeddu Lx, Hoffman IS, Fuenmayor NT, Finn AL. Antagonism of serotonin S5 receptors 
Akathisia o (0% 10 (6%) O (0%) with ondansetron prevents nausea and emesis induced by cyclophosphamide-containing 
Acute dystonic chemotherapy regimens. / Clin Oncol. October 1990;8:1721-1 727. 
reactions* O (O99 8 (5%) O (0%) 3. Complete Prescribing Information, ZOFRAN* (ondansetron HCI) Injection. January 1994. 
4. Tyers MB, Bunce KT, Humphrey PPA. Pharmacological and anti-emetic properties of 
*See Central Nervous System as follows ondansetron. Eur J Cancer Clin Oncol. 1989;25(suppl 1):515-5S19. 
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Commentaries 


The Anatomical Wax Preparations in the 


Josephinum in Vienna, Austria 


(On the Improvement of Surgical Education 200 Years Ago) 


A s a teacher in this specialty I would wish that any sur- 
geon-to-be consider the medico-historical museum in the 
Josephinum in Vienna as a part of his education." 

Twoimportant anniversaries in 1990 remind us of the estab- 
lishment of this magnificent collection of anatomical wax prep- 
arations commissioned in 1775 to serve as teaching aids for 
military surgeons: February 20 and July 29. The former date 
is the bicentennial of the death of Emperor Joseph II (1741- 
1790), whose private munificence provided the means for this 
collection” and the latter, the 190th anniversary of the death of 
the first director and protochirurgus of the Military Medical 
Academy Giovanni Alessandro Brambilla (1728-1800)." All the 
exquisite erudition of medieal scholars in Italy back to An- 
dreas Vesalius (1514-1564) in Padua and all the proud tradition 
of Italian handicraft went into the production of more than 
1100 wax preparations' over a whole decade. Anyone familiar 
with Renaissance art will sense the heritage of the works of 
Lorenzo Ghiberti (1378-1455), Donatello (1386-1466), Andrea 
del Verrcechio (1436-1488), and Domenico Ghirlandaio (1449- 
1494), and of Leon Battista Alberti (1404-1472) and his 
writings. 

The order was placed by Joseph II in 1775, when he admired 
a similar collection put on display in the museum of natural 
history (“La Specola") in Florence’ (Time. January 12, 1987) 
by his brother and eventual successor (Peter) Leopold (1747- 
1792), then Grand Duke of Tuscany. Delivery of this myriad of 
anatomical models followed in 1786. Transport was carried out 
by mules over the Alps and on rafts down the Danube. Even 
the rosewood vitrines and the (Venetian) glass came from the 
South and are preserved to this day. They have been on public 
display since 1822 (Saturdays only and closed to women in the 
early years). 

What was the reason for the establishment of a medicosur- 
gical academy, a military medical school in today’s parlance, in 
Vienna in 1785? Although for centuries surgery was not recog- 
nized as a scientific discipline but a craft learned by appren- 
ticeship, it increasingly caught the interest of monarchs and 
rulers of the period of Enlightenment, and throughout the 
18th century moved closer to academic medicine as taught in 
the universities of the time. Louis XIV of France was cured of 
an anal fistula by his surgeon who was ennobled for this 
achievement; in Berlin, Germany, a Collegium Medico-Chir- 
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Fig 1.—The emblem /N VNIONE SALVS from Hunczovsky." 


urgieum was created in 1724 to improve the education of 
military surgeons; this was followed in 1731 by the foundation 
in Paris, France, ofthe Académie Royale de Chirurgie and the 
elevation of surgeons to academic rank by decree of Louis XV 
in 1743." Emperor Joseph II traveled widely all over Europe, 
partieularly in France (where he visited his sister, Queen 
Marie Antoinette), and became familiar with modern Western 
medical facilities of the time. As a result, in 1784, he trans- 
formed the great Vienna Poor-House and Veteran's Hospital 
into a General Hospital containing 2000 beds. In November of 
the subsequent year, the Academia Medico-Chirurgica "Iose- 
phina," containing another 1200 beds for members of the 
military forces and their dependents, was opened adjoining 
the former. The intention of providing the best pogsibl i 
ment for this academy must have stimulateddóseph te.0t 
collection of anatomic wax models to serve as teaching 
the same time a collection of precious 
acquired (and still exists), surgical i 


and the Academia Medico-Chirurgi : ther 
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Fig 2.—The Flayed Man. Anatomical wax 
preparation made in Florence between 1775 
and 1786. From the Institute for the History of 
Medicine, Vienna. 


of a university, able to confer doctorates in surgery. For 
almost a century this military medical school, known under 
the short designation of “Josephinum,” provided the Austrian 
monarchy’s forces with well-trained field surgeons.It was 
shut down ir. 1874 because enly one medical degree existed 
henceforth, the doctorate *medicinae universae," the MD of 
our time. 

The history of wax modeling dates back toancient times and 
cannot be elaborated here. Suffice it to say that both the 
famous universities of Bologna (established 1088) and Padua 
(established 1222) were centers of this art. In Florence, Paolo 
Maseagni (1752-1815) and Felice Fontana (1720-1805), both 
anatomists, directed the production of the wax preparations 
with the aid of a team of artisans well versed in the craft. 
Although generally true to nature, Mascagni's presentation of 
the human lymphatic system particularly deviates from natu- 
ral findings.‘ 

Giovanni Alessandro Brambilla, born in San Zenone al Po, 
Lombardy, became the trusted supervisor of all military med- 
ical affairs and was ennobled in 1784. He was an ambitious 
surgeen and keen on seeing that surgery be elevated to the 
same level as medicine, in both educational respect and public 
esteem. Without any doubt, it was he who stimulated and 
advised his severeign on medical matters, including the foun- 
dation of the surgical academy (Academia Medico-Chirur- 
gica). The emperor himself had always taken great interest in 
military matters and, therefore, the endeavors to foster sur- 
gery as an academic discipline were bound to succeed. Mili- 
tary surgeons were sent to Western Europe to learn about 
military medicine in =hese countries. The writings of Johann 
Hunezovsky (1752-1798)," for instance, offer proof of such 
travels in France and England. In one of his treatises, an 
oration held on the second anniversary of the opening of the 
Josephine Academy, he included a graphic symbol with the 
caption “In Vnione Salvs” depicting the age-old emblems of 
medicine, ie, the Aesculapian rod with serpent and the symbol 
of a human palm with an eye drawn into its center, the “seeing 
with the hanc" commonly used by midwives (Fig 1). This can 
be taken as the graphic embodiment of the efforts of the time 
to unite “medicine” with the upcoming academic discipline of 
surgery and to form z united medicine to the advantage of all 
those who were sick, military or civilian. This very symbol has 
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become the signet of the Austrian Society of Surgeons and, at 
the same time, reminds us of the attempts to create modern 
surgery more than 200 years ago." 

The 1000 or more wax preparations of 18th century vintage 
are kept as a national Italo-Austrian cultural treasure, beauti- 
fully demonstrating anatomic details in the form of artfully 
designed anatomical models, full-size or oversized, in *natu- 
ral" or accented colors, isolated or as fully assembled body 
preparations comparable with any dissecting theater of a 
medical school (Fig 2). In fact, these noble and aesthetic 
models were used less than intended, presumably because of 
their fragility, their expense, and the ever-improving access 
to human corpses after the two big hospitals in Vienna were 
operative and the autopsy of anyone who died within these 
facilities became the rule. To observe and study these prepa- 
rations is an anatomically rewarding experience for any medi- 
cal doctor, surgeons in particular, while being an aesthetic 
delight. 


KARL HOLUBAR, MD 
Vienna, Austria 
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cent explosion of interest in laparoscopic cholecys- 


both by general surgeons and their patients has 










; only reasonable that, when learning new tech- 
je least risk be taken; fewest complications will 
| experience is built piece-by-piece, and not by 
and bounds. To those already schooled in interventional 
Tapa and/or laser dissection methods, the marriage of 
| | these technologies may be a natural next step. However, each 
- benefit of this union should be evaluated independently and on 

its own merit. 
: With this question in mind, it may prove relevant that in a 
small randomized trial comparing conventional vs contact 
laser dissection methods during “open” choleeystectcmy, the 


< -only observed differences were an increased rate of wound 
"and a longer average operative time with laser 
Additionally, John D. Corbitt, MD (oral personal 
zation, October 1990) has randomized more than 275 

either laser or electrocautery dissection methods 
copie cholecystectomy. In his experience, not only 
ficant differences found between laser or elec- 
ethods, but dissection with the “contact tip” 
d to be inferic e potentially more danger- 
> 532 laser (Laser Sccpe, San 






















there is a major difference in cost between technol- 
appropriate laser source costs a minimum of US 


$100 000. Electrocautery units are approximately one 2 yt of 




















that cost but are essentially free because of their gener 
availability. Unless this expense is justified in objective trr- 
als, eost accountability sensibly dictates a wait-and-see atti- 
tude for most surgeons. a 
Our third reason for advising restraint when combining 
laser methods with laparoscopie cholecystectomy comes from | 
our experiences with reoperation in patients who have suf- .. 
fered complications at the hands of newly trained laserlapa- . 
roscopie surgeons. Albeit anecdotal, our limited experience is 
impressive. We have reconstrueted the biliary tract in six | 
cases following laparoscopie cholecystectomy over a period of | 
16 months! In five of the patients, the injury was asscciated - 
with the use of laser and a striking finding in each case was the | 
amount of missing tissue between hepatic and commen bile. 
ducts. The missing “vaporized” tissue left a very high and- 
difficult hepaticojejunostomy as the only surgical optien. We 
are also aware of similarly devastating injuries to the portal. 
vein and inferior vena cava at the hands of laser laparcseopie _ 
surgeons. e 
Given these considerations and experiences, it behocves us 
to exercise great caution when learning laparoscopie meth- 
ods. Specifically, we need to critically examine the camet 
benefits of laser dissection before prematurely, and probabl. 
unnecessarily, combining these new potentially danger t 
techniques. | T 
DAVID W. EASTER, ! 

A. R. Moossa, MD- 

San Diego, Calif - 


Reference , 
l. Steger AC, Moore KM, Hira N. Contact laser or conventional cholzeys 


tomy: a controlled trial. Br J Surg. 1988;75:223-225. 
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R adiation Therapy for Intraductal Carcinoma 


Melvin J. Silverstein, MD; James E. Waisman, MD; Eugene D. Gierson, MD; William Colburn, MD: 


Parvis Gamagami, MD; Bernard &. Lewinsky, MD 


4.9 Of 213 consecutive patients with intraductal carcinoma, 109 
. . Were selectively treated with mastectomy and 104 with radiation 
| therapy. There were eight local recurrences, seven in patients 
treated with radiation therapy and one in a patient treated with 
mastectomy. Histologically, there were 110 comedocarcinomas 
and 123 noncomedocarcinomas. Seven local recurrences oc- 
curred in patients with comedocarcinomas and one in a patient 
with a:noncomedo tumor. Three-(38%) of eight local recurrences 
(all comedo) were invasive. The 5-year actuarial survival for all 
subgroups was 100%. The median follow-up was 51 months. 
intraductal carcinome is unlikely to metastasize to axillary lymph 
nodes, and routine dissectionis unnecessary. Ductal carcinoma 
in situ of the comedo variety is more aggressive and more likely 
<> to recur than its noncomede counterpart. We currently view 
| conservative therapy for patients with intraductal comedocarcin- 
| | oma with caution. 
(Arch Surg. 1991;125:423-428) 





or nipple disch: arge to a nonpalpable (occult) lesion 
represents more than 25% of the cancers in some 


eatment for DCIS was identical to the 
rating breast carcinoma, ie, 
ode disseetion. This was reason- 
f DCIS were large enough to palpate. 
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In addition, some authors allowed a significant infiltrating 
component to be present while still considering the lesion to 
be intraductal.'" The 1980s brought a trend toward breast 
conservation for small infiltrating breast carcinomas. First 
retrospective analyses" and then prospective randomized 
studies" supported the equivalence of radiation therapy and 
lumpeetomy to mastectomy for properly chosen cases. 

Although no published, prospective, randomized studies 
existed comparing mastectomy with radiation therapy for 
equivalent populations of patients with DCIS, it became in- 
creasingly more difficult to justify mastectomy as the treat- 
ment of choice for this noninvasive disease when more agpres- 
sive diseases were being treated with breast conservation. 
By the mid-1980s, in spite of a lack of hard data, breast 
conservation for DCIS continued to gain popularity. The 
National Surgical Adjuvant Breast Project protocol B-17, the 
first truly prospective randomized American study of DCIS, 
compares lumpectomy with and without radiation therapy. 
Unfortunately, data from this protocol are not currently 
available. i 

Our study is a retrospective nonrandomized analysis, strat- 
ifying all patients with DCIS treated at The Breast Center, 
Van Nuys, Calif, during the last 11 years by both treatment 
and histologic subtype. The most favorable cancers were 
treated with breast conservation. 


MATERIALS AND METHODS | 


e Breast Center between September 
ther a palpable mass or mammogra- 
ttal carcinoma were included. 





All patients presenting at 'Th 


1979 and February 1990 with eith 
phic abnormality diagnosed as intraductal | 
. Ductal carcinoma in situ was subclassified into two main categories: 
eomedo or noncomedo (which included eribriform, micropapillary, 





papillary, and solid types). A tumor was considered mieroinvasive if 
no more than one or two minute foci of possible invasion, not more 
than 1.0 mm in diameter, were found. If an area of invasion measuring 
1.1 mm or more was found, the tumor was classified as an infiltrating 
ductal carcinoma and excludes | from this series. .Multifocality was 
defined as additional intraductal disease 2.0 cm or more from the 
primary tumor and in the same quadrant. Multifocality data were 
available for patients undergoing mastectomy and did not change the 
original size of the tumor, which was determined at biopsy. A patholo- 
gist was present in the operating room during biopsy. Beginning in 
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| margins were irked. Approximately 20% of the most 
were reviewed by nationally noted breast pathologists. 
was nonrandomized. Patients with small tumors (4 cm 
icroscopically clear surgical margins who desired breast 
were advised to make that decision. Patients with larg- 
involved surgical margins were directed toward mastec- 
‘riteria were not absolute. Patients with positive surgi- 
rho desired breast conservation underwent reexcision. 
sections, when performed, included level 1 and 2 nodes. 

ist external beam irradiation was performed ona 4- or 6- 
"celerator; a dose of 5000 cGy was delivered in 200-cGy 













sy-proven DCIS and a minimum of 6 months of follow-up were 
studied. Twenty patients who underwent no further therapy 
after biopsy were eliminated, leaving 213 evaluable patients, 

all of whom were treated with either mastectomy or radiation 
therapy. One hundred eighty-three of these patients under- 
went axillary node dissections as part of their treatment, one 
(0.5%) of which was positive. The patients ranged in age from 

27 to 82 years (mean, 52 years). Tumors ranged in size from 

0.1 to 15cm with a mean diameter of 2.7 em. Sixty-one tumors 

©. (2996) were palpable and 152 (71%) were nonpalpable (discov- 
« . ered mammographically) and found with wire-directed breast 
<o biopsy. The most common mammographic finding was micro- 
-~ ealeification, found in 158 patients (74%). All tumors were 
—.. gubelassified according to their predominant histologic sub- 
s type (Table 1). Comedocarcinomas were the largest, the most 
< common 52%) and revealed microinvasion in the highest 
percentage of cases (1996). All cases were analyzed by histo- 
logic subtype (comedo vs noncomedo) and by treatment (mas- 


Tabie 1. —Intraductal Carcinoma Histologic Subtype and 
Tumor Size 
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Patients 
57 


Tumor 
Age, Size, cm 


52 4.5 
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Microinvasion 
17 (30) 




















tectomy vs radiation therapy) (Table 2). The median foll 
up was 51 months (range, 6 months to 11 years). E 


Comedo vs Noncomedocarcinoma 


There were 110 comedocarcinomas averaging 3.2 em 1 
diameter. Initial biopsy margins were involved with micri 
scopic tumor in 66 (60%) of 110 cases. One hundred thre 
noncomedo tumors were smaller, averaging 2.2 em. Biops 
margins were involved in 47 (46%) of 103 cases (P<.06 
Twenty-nine tumors contained evidence of microinvasion; 2 













































2 
were comedocarcinomas and eight were noncomedocarcin 
mas (P<.02). Comedocarcinomas tended to be pure; 28 
(n — 31) had a second histologic subtype. Noncomedo tamo? 
tended to be mixed; 5896 (n=60) had a second subtype 
(P<.001). The average age for both comedo and noneemedo 
patients was 52 years. E 
Ninety-nine of 110 patients with comedocarcinomas under- 
went axillary lymph node dissection, one of which Gna patient _ 
with microinvasion) contained metastases; 84 of 103 patients _ 
with noneomedo tumors underwent axillary dissection as part 
of their treatment, none of which were positive (not _ 
significant). | 
There were seven local recurrences in patients with . 
comedocarcinomas (three of which showed frank invasion or _ 
microinvasion) and one noninvasive loca! recurrence in a pa- 
tient with a solid noncomedo tumor (P<.04). Another patient- 
(originally treated with mastectomy) with a microimvasive ^. 
comedocarcinoma developed metastatic breast cancer with- 
out evidence of a local recurrence. The mean disease-free. 
interval for all patients with recurrences was 40 months. A. 
life-table analysis of the probability of remaining free of dis- 
ease after treatment with either noncomedo or comedocarein- 
oma is shown in Fig 1. Two patients with comedocareinomas 
died: no patients with noncomedo tumors died (not signif- 
cant) Figure 2 shows a life-table analysis comparing the __ 
probability of overall survival between comedocarcinomas | 
and noncomedocarcinomas. Should the two living patients 
with recurrences die, the difference will become statistically — 
significant. a 


Mastectomy vs Radiation Therapy 


One hundred nine patients with an average tumor diemeter 
of 4.1 em underwent mastectomy. Initial biopsy margins were 
involved in 84 patients (77%). Twenty-three patients with 
mastectomy had microinvasion (21%). Fifty-three patients 
(49%) had multifocal tumors. One hundred three (94%) pa- 
tients underwent axillary node dissections with their mastec- 
tomies, one of which revealed metastases. One patient witha ` 
10-em primary tumor who underwent mastectomy had an | 
invasive local recurrence and developed bone metastases; à 
second patient with a tumor initially 6 cm in diameter with 
microinvasion developed metastatic disease without a local- 
recurrence and died. Both patients with recurrences had . 
comedocarcinomas. Me. 
One hundred four patients with tumors averaging 1.5 emin- 








No. (%) of Patients 


Local 


Margins 
Recurrences 


involved 
49 (86) 


Multifocal Deaths — 


26 (46) 















35 (67) 27 (52) 
12 (24) 1 (2) 
113 (53) 


2 (2) 
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Fig 1.—Life-table analysis showing the probability of remaining free of 
local recurrence for patients with comedo (circles;n = 110) and nonco- 
medo (squares; n= 105) tumors (P<.04). 


Probability 





Fig 2.—Life-table analysis of the probability of overall survival for 
patients with comedo (circles; n=110) and noncomedo (squares; 
n — 103) tumors. Differences were not significant. 


diameter were treated with excision of the primary tumor and 
radiation therapy; 8) of these patients (77%) underwent axil- 
lary node dissections, all of which yielded negative nodes. Six 
patients (6%) had evidence of microinvasion. Twenty-nine 
patients (28%) had involved initial biopsy margins. The num- 
ber of patients with multifocal tumors in this group is un- 
known since masteetomy specimens were not available for 
examination. Seven patients (7%) treated with radiation ther- 
apy had localrecurrences, two of which were invasive and five 
noninvasive. Of the two patients with invasive recurrences, 
one died; the other had no evidence of metastatic disease, but 
her reeurrenee was highly aggressive with lymphatic involve- 
ment. All seven patients undergoing radiation therapy who 
had recurrences hac initially favorable tumors averaging 1.6 
em in diameter. All margins were microscopically clear after 
in:tial biopsy: one lesion revealed microinvasion. A life-table 
analysis of the probability of local disease-free survival for 
masteetomy vs radiation therapy is shown in Fig 3 (P<.05). 
There was no difference in overall survival by treatment 
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Fig 3.—Life-table analysis showing the probability of remaining free of 
local recurrence for patients treated with mastectomy (squares; 
n= 1094 or radiation therapy (circles; n = 104) (P<.05). 


Probability 





Fig 4.—Life-table analysis of the probability of overall survival for 
patiente treated with mastectomy (squares; n — 109) or radiation ther- 
apy (circles; n — 104). Differences were not significant. 


(Fig 4). 
Noncomedocarcinomas by Treatment 


Fifty-two noncomedo tumors averaging 3.1 cm in diameter 
were treated with mastectomy, and none recurred; 51 non- 
comede tumors averaging 1.2 cm were treated with radiation 
therapy with one local recurrence in a patient with a solid 
intraductal carcinoma. No patient developed metastatic dis- 
ease ard there were no deaths. There is no significant differ- 
ence in local disease-free survival or overall survival for non- 
comedecarcinomas analyzed by treatment. 


Comedocarcinomas by Treatment 


Fifty-seven comedocarcinomas averaging 4.5 em in diame- 
ter were treated with mastectomy: 30% had microinvasion, 
86% had involved biopsy margins, and 46% had multifocal 
tumors. There was one local recurrence and, as previously 
mentioned, one distant recurrence (without evidence of local 
disease) in a patient who died. Fifty-three comedocarcinomas 
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Fig 5.—Life-table analysis showing the probability of remaining free of 
local recurrence for patients with comedocarcinoma treated with mas- 
tectomy (squares; n=57) or radiation therapy (circles; n=53) 
(P<.13). 


averaging 1.7 cm were treated with radiation therapy: 8% had 
microinvasion and 32% had involved biopsy margins that 
required reexcision. There were six (11%) local recurrences 
and one death. Figure 5 shows the probability of disease-free 
survival for 110 patients with comedocarcinomas stratified by 
treatment (P<.13). 


COMMENT 


Intraductal carcinoma is an increasingly common patholog- 
ic finding and its treatment is a dilemma for both patient and 
surgeon. As the use of mammography increases, so will the 
problem. Small infiltrating carcinomas are increasingly being 
treated with breast preservation, generally with a combina- 
tion of lumpectomy, axillary node dissection, and radiation 
therapy. Numerous prospective randomized studies" have 
been conducted, documenting the equivalence of breast con- 
servation to mastectomy in properly selected patients with 
infiltrating carcinomas. The treatment of intraductal carcino- 
ma, a lesser disease, however, is currently unsettled and 
quite controversial. To date, no prospective randomized data 
have been published showing the equivalence or superiority 
of any procedure less than mastectomy for DCIS. 

Currently, treatment decisions have to be made on the 
basis of the best available data, most of which are rezrospec- 
tive and selective. To most patients, it seems reasonable that 
if intraductal carcinoma is a lesser disease than infiltrating 
ductal carcinoma, it should receive lesser treatment. Howev- 
er, the two diseases are not really comparable. Infiltrating 
ductal cancer is generally a palpable mass, easily measured, 
and, in skilled hands, commonly excised with clear margins 
(except when there is an extensive intraductal component). 
Intraductal lesions, because of mammography, now are gen- 
erally nonpalpable and difficult to excise with clear margins 
since they can be neither felt nor seen, and often are excep- 
tionally difficult to measure as they appear and reappear in 
ducts from one microscopic field to another. Intraductal carci- 
nomas are often well differentiated and may be less radiosen- 
sitive than more aggressive, less differentiated infiltrating 
cancers. 

When intraductal carcinoma is suspected based on mammo- 
graphic findings, the initial biopsy should be carefully 
planned. We generally use two or three bracketing hooked 
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wires to localize the lesion." In spite of this, 53% of the tumors 
had microscopically involved margins. This results, in part, 
from the fact that the entirety of the intraductal tumor is not 
always marked with microcalcifications, and since it is neither 
palpable nor visible, it is extremely difficult to excise com- 
pletely. In addition, although the margins are painted with 
ink or dye, the pathologic evaluation of the margins is some- 
what random. A pathology report stating that the margins 
are microscopically free is not a guarantee that they are truly 
free of disease. 

There is sufficient information to make a decision about 
routine axillary lymph node dissection; it is not indicated. In 
this study, one of 183 patients had axillary metastases. Ashi- 
kari et al" reported one positive node of 113 dissections, 
Fisher et al? reported no positive nodes of 78 dissections, and 
numerous other researchers report a rate of axillary metasta- 
ses in the range of 0% to 496." *" It is neither cost-effective nor 
in the patient's best interest to perform 100 to 200 axillary 
dissections to find a single positive case. Axillary dissection 
carries with it a potential for arm swelling, loss of arm func- 
tion to various degrees, and sensory changes. Although these 
risks are slight, there is only minimal potential for gain: if 
node metastases exist, the patient would receive adjuvant 
chemotherapy. Since chemotherapy helps approximately 
2096 of patients, it could require as many as 500 to 1006 node 
dissections to help a single patient. 

During the last few years, we have abandoned reutine 
axillary node dissection, performing it only for large tumors 
(greater than 5.0 em) in which foci ofinvasion might have been 
missed or for lesions demonstrating microinvasion. Of a total 
of 49 cases meeting these criteria, there was only one positive 
node dissection (296), raising the question of whether it is 
indicated even for this select subgroup. 

Primary treatment of the breast is the more difficult issue. 
Mastectomy achieves long-term survival rates approaching 
100%, but it certainly is not always necessary. Autopsy stud- 
ies reveal that approximately 1696 of women dying from 
causes other than breast cancer have DCIS." It is estimated 
that no more than one third of all intraductal carcinomas will 
ever progress to invasive breast cancer." 

For the present time and until prospective randomized data 
become available, physicians and their patients must use all 
available retrospective analyses, the clinical variables, and 
the patient's psychological, emotional, and intellectual input 
in the decision-making process. 

In this series, the disease-free survival rate is signifieantly 
different for mastectomy vs radiation therapy and for comedo 
vs noncomedo tumors. The difference approaches significance 
for mastectomy vs radiation therapy stratified by histologic 
subtype. In addition, we must keep in mind that the patients 
with radiation therapy had more clinically favorable tumors. 
Had these been equal, randomized populations, the differ- 
ences would likely have been greater. Nevertheless, patients 
with DCIS treated with radiation therapy will fare better 
over time compared with those with infiltrating breast can- 
cers. Patients with comedocarcinoma treated with radiation 
therapy will have a lower disease-free survival rate and possi- 
bly a lower overall survival rate compared with patients 
treated with mastectomy. Yet for many patients with cemedo 
tumors, breast conservation with radiation therapy may be a 
very reasonable choice. A small decrease in disease-free and 
possibly overall survival rate may be a small price to pay for 
staying whole. 

Mastectomy is the best choice for patients who want the 
highest disease-free and overall survival rate, and for those 
who are not willing to assume any increased risk, no matter 
how small. For patients with tumors that meet the clinieal 
criteria used in this study who are interested in the optimum 
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quires more detailed clinica! follow-up than mastectomy. We 
routinely perform mammography on the irradiated breast 
with DCIS every 6 months. The appearance of architectural 
distortions, microcalcifications, or masses requires biopsy. 

The eost in dollars, time, and inconvenience, along with the 
- psychological impact of this follow-up, should be factored into 
the patient’ decision-making process. 

It appears that histologicsubtyping will play an increasing- 
ly important role in the decision-making process. Patehefsky 
and associates" have proposed that women with small nonpal- 
pable cribriform or solid DCIS are candidates for excision 
, alone. without treatment of the whole breast or axilla. They 
believe that nonpajpable mieropapillary and papillary subsets 
are best served by treatment of the whole breast with radia- 
_ tion therapy or mastectomy but without node dissection, and 
. that women with eomedocareinoma who are at higher risk for 
- both local recurreree and axillary metastases should have 
. their whole breast treated along with lower axillary dissec- 
. ton. Our data support this trend toward more moderate 
_. treatment for the noneomedo subtypes. The 6-year actuarial 
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disease-free survival for noncomedo tumors regardless of the 
treatment used, serious consideration must be given to breast 
preservation in all motivated patients who meet the selection 
criteria used in this study (relatively small tumors with clear 
surgieal margins). The final choice, of course, must rest with 
the patient and her physician. We favor whole breast irradia- 
tion with a boost to the tumor bed for any patient with a 4-cm 
or smaller noncomedo DCIS and elear surgical biopsy mar- 
gins. If the margins are involved and the patient motivated 
for conservation, we would reexcise the biopsy site. For 
larger tumors or for patients with persistently positive mar- 
gins we would favor mastectomy with immediate reconstruc- 
tion. 

We are more cautious with comedocarcinomas, even 
though the difference in local disease-free survival stratified 
by treatment is not significant (P<.13). We continue to 
perform breast conservation for motivated patients with 
comedocarcinomas who meet our criteria, apprising these 
patients that they may have a higher risk of local recurrence. 
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iecipating Investigators 





ca-regional recurrence patterns were investigated in 
ents with breast cancer. Primary treatment for all pa- 
ients included a mastectomy. Nine hundred seventeen patients 
had negative nodes and did not receive systemic therapy. Four 
hundred seventy-five patients had node metastases and were 
randomized to receive different combinations of chemoendo- 
crine therapy. Follow-up ranged between 5 and 16 years. Two 
hundred thirty (25.8%) node-negative patients have had recur- 
rences; with the initial recurrence being locai-regional in 9.2%. 
Two hundred forty-two (50.9%) node-positive patients have had 
recurrences, with the initial recurrence being local-regional in 
Os 0374396. Larger tumors and more extensive node involvement 
«x . were associated with more first local-regional recurrences. The 
... relative percent of first local-regional recurrence among patients 
|. dn whom cancer recurred was similar for node-negative and 
node-positive patients (35.4% and 33.5%, respectively). in 63.6% 
af patients in whom cancer recurred, first local-regional recur- 
rence were distant. Larger tumors, more extensive node involve- 
ment, and a shorter disease-free interval after mastectomy were 
associated with more rapid appearance of distant recurrence 
among these patients. 
(Arch Surg. 1991;126:429-432) 













Mt radical mastectomy has been considered the 
LVL optimal treatment for local-regional breast cancer. De- 
spite this, the reported incidence of local-regional failure after 
mastectomy varies from less than 5% to greater than 30%." 
~ Patients with more extensive initial local-regional disease are 
thought to be at greatest risk for local-regional failure. Nu- 
‘merous studies have advocated the use of postmastectomy 
ad herapy to decrease local-regional recurrences 
group." Once a local-regional recurrence is de- 
ment recommendations vary widely and fre- 
de different combinations of surgical resection,” 
diation therapy," and systemic hormone therapy 
motherapy."" This study was undertaken to deter- 
incidence of local-regional failure after modified 
stectomy and to identify factors that might relate to 
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PATIENTS AND METHODS 


All patients in this study are part of prospective multi-institational - 
breast cancer trials based at Case Western Reserve University, | 
Cleveland, Ohio. To be eligible for these trials, patients were res -— 
quired to have operable breast cancer and to have undergone a- me 
modified radical mastectomy. Nine hundred seventeen patients were 
found to have negative axillary lymph nodes and were followed úp 
without systemic therapy. Four hundred seventy-five patients were = 
found to have positive axillary lymph nodes and were randomized to 
one of two chemoendocrine adjuvant therapy protocols that included 
combinations of cyclophosphamide (Cytoxan), methotrexate sodium, 
and fluorouracil (CMF); cyclophosphamide, methotrexate, flueroura- 
cil, vineristine sulfate, and prednisone (CMF VP); and tamoxifen 
citrate (T), In the first trial, 311 axillary node-positive patients were 
randomly assigned to receive one of three adjuvant treatments: CMF . 
(1 year), CMF and T (1 year), or CMF and T ( year) with bacillus: 
Calmette-Guerin (second year). This trial began in 1974, and patients —. 
were followed up for up to 16 years. In the second trial, 164 axillary |. 
node-positive patients with estrogen receptor-positive tumors were 
randomly assigned to receive either CMFVP (1 year) and T @ years) 
or T alone (3 years) This trial began in 1980, and patients were T 
followed up for up to 10 years. Premenopausal patients with estrogen E 
receptor-positive tumors underwent a surgical oophorectomy, Axi 
lary node-positive patients with estrogen receptor~negative cumors - 
received CMFVP therapy (1 year) The results of both trias have 
been published recently. ^^ Adjuvant external radiation therapy was _ 
not employed for either node-positive or node-negative patients... 
Estrogen receptor assays were performed on all primary tumor : 
specimens, largely in one laboratory. Estrogen receptor values ando- 
various clinical and pathologic prognostic variables were entered into. 
a computerized data base for subsequent analysis. All patients were 
followed up at regular 3-month intervals with physical examinations 
and blood chemistry determinations. A chest roentgenogram and 
bone sean were obtained at 6- and 12-month intervals, respectively 
Recurrences were documented when detected, and their specif 
site(s) was recorded. In this analysis, first local-regional recurrence 
were defined as recurrence in the soft tissue of the chest wal! (loca; 
axillary nodes (regional), supraclavicular nodes (regional), ar infra 
elavieular nodes (regional) on the mastectomy side at least 30 da) 
before the development of a distant recurrence. Treatment fdllowing 
recurrence was determined by the patient's attending physician. AH 
patients have been followed up to identify recurrence or tc reco 
death. Disease-free and overall survival estimates were compar 
with use of the log-rank test. Cox's proportional hazard model. 
used to determine the relationship to patient characteristics of d 
tant recurrence after a first local-regional recurrence. aa 


RESULTS uu 
A total of 1392 patients with operable breast cancer we 


entered into this study. Nine hundred seventeen pati 
(65.9%) were found to have negative axillary nodes. Four 
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Variable (n=917) (nz475) 
Meropausal status 
Premenopausal and perimenopausal 263 170 
Postmenopausal 654 305 
Estrogen receptor status 
Positive (2-3 fmol/mg) 692 371 
| Negative (<3 fmol/rg) | 225. 104 
.- No. of nodes 
0 917 0 


1-3 
>3 Q 243 
Turror diameter, cm 


2-5 
5 











_ > hundred seventy-five (84.1%) were found to have positive 
_ axillary lymph nodes. Patient and tumor characteristics are 
_ shown in Table 1. Two hundred thirty-seven (25.8%) of the 
. 917 node-negative patients have had recurrences. Eighty- 
. . four patients (9.2%) have had a first recurrence in a loca! 
. . psilateral chest wall) and/or regional (ipsilateral axillary. 
|. supraelavicular, or infraclavieular nodes) site. One hundred 
. fifty-taree (16.7%) patients have had a first recurrence a£ 2 
. distant site. Two hundred forty-two (50.9%) of the node- 
|. positive patients have had recurrences, with 81 (17.1%) being 
.. first lecal and/or regional and 161 (33.9%) being first distant. 
_ Initial recurrence patterns are presented in Table 2. 
(For the entire group of 1392 patients, those with larger 
tumors (P= .003) or more involved lymph nodes (P<.0001) 
. . were found to have a higher absolute local-regional failure 
rate (Spearman's correlation). Although more local-regional 
failures were apparent among patients with more extensive 
. Initial disease, this appeared to be the result of a higher 
overall recurrence rate. The proportion of local-regional fail- 
|. ures among those patients in whom cancer recurred, the 
.. relative rate was similar for both node-negative and node- 
positive patients (35.4% and 33.595, respectively). The rela- 
. > tive rate of local-regional failure was independent of the 
. number of involved nodes and tumor size (Spearman’s corre- 
. lation)and of menopausal status and tumor estrogen receptor 
_.. value (Kendall Tau b correlation). 
|. The distribution o? first local-regional recurrence from the 
___ time of mastectomy for node-negative and node-positive pa- 
-tients is shown in Fig 1. The majority of first local-regional 
_reeurrences for both node-negative and node-positive pa- 
nts occurred within the first 3 years (57.2% and 70.4%, 
ctively). First local-regional recurrences appear to peak 
oth groups during the seeond year and then occur less 
ently at a relatively constant rate. 
ncng the entire group of 165 patients with a first local- 
nal recurrence, 105 (63.6%) have had a subsequent dis- 
'ecurrence. Time to distant recurrence after first local- 
nal recurrence was analyzed in relation to other 
gnostie factors with use cf Cox's proportional hazards 
del. Larger tumor diameter {P = .002) and greater number 
ivo; ved nodes (P = .0091) were associated with decreased 
ime te distant recurrence after a first local-regional recur- 
ence for these 165 patients. The initial disease-free interval 
rom mastectomy te the first local-regional recurrenee 
(P —.004) was positively associated with time to distant re- 
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"Table 2.—Pattern of First Breast Cancer Recurrence - 





No. (%) of Patients 


Node- 
Positive 
(n 475) 


Node- 
Negative 
Site (nz: 917) 
































Local-regional 84 (9.2) 
Local only* 58 41 
Regional onlyt 24 39 
Local and regional 2 1 

Distantt 153 (16.7) 161 (33.9) 
Distant only 146 135 
Distant and local 5 15 
Distant and regional 2 11 
Distant, local, and regional 0 0 

Total 237 (25.8) 242 (50.9) 

*Ipsiiateral soft tissue. 





tipsiiateral, axillary, supraclavicular, and infraciavicular nodes. 
Ali sites other than local or regional. 


currence after the first local-regional recurrence. For the 
node-negative patients, the median time to distant recur- 
rence after a first local-regional recurrence was 66.8 months 
compared with 12.5 months for node-positive patients (log- 
rank, P= .0001, Fig 2). This poorer outcome was not a result 
of the recurrence site being either local or regional. The 
median time to distant recurrence for the 58 node-negative 
patients with a first local only recurrence was 90.4 months 
compared with 18.9 months for the 41 node-positive patients 
with a first local only recurrence (P = .0001). The median time 
to distant recurrence for the 26 node-negative patients with a 
first regional recurrence with or without local recurrence was 
28.5 months compared with 10.8 months for the 40 node- 
positive patients with a first regional recurrence with or 
without local recurrence (P = .02). 

The magnitude of total local-regional failure for node-nega- 
tive and node-positive patients is presented in Table 3. 
Among the 1392 study patients, 209 (15.0%) have experienced 
a loca.-regional recurrence at some time during the course of 
disease progression and represent 43.6% of the entire group 
of patients in whom cancer has recurred. Among the 917 node- 
negat: ve patients, 94 (10.3%) have experienced a local-region- 
al failure at some time. Among the 475 node-positive patients, 
115 (24.2%) have had a local-regional failure at some time. 
Comparing all local-regional breast cancer recurrences (Table 
3) with first recurrences (Table 2), only three node-negative 
and eight node-positive patients have experienced a first 
distant recurrence followed by a local-regional recurrence. 
Thus, the vast majority (94.7%) of local-regional recurrences 
in this study were evident either alone or in combination with 
a distant recurrence as a manifestation of the initial recur- 
rence pattern. This implies that a subsequent local-regional 
recurrence is unusual following a first distant recurrence. 


COMMENT 


Results of this prospectively conducted long-term study 
revealed an overall first local-regional failure rate of 11.9%. 
Also, 9.2% of the node-negative patients had a first recur- 
rence at a local-regional site, compared with 17.1% of the 
node-positive patients. These results are comparable with 
those in several other large, long-term studies in which pa- 
tients were treated by modified radical mastectomy. ™™ 

The overall recurrence rate in this study was 34.4%. First 
local-regional failures represented 11.9% of all these recur- 
rences, in contrast to 22.6% of patients who will have a first 
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Fig 1.—Bar graph of percentages of first local-regional recurrences 
following mastectomy for 84 node-negative (solid bars) and €1 node- 
positive (open bars) patients. 








Tabie 3.—Pattern of All Local-Regional Breast Cancer 
Recurrences 


No. (%) of Patients 







Node- Node- 
Negative Positive 
(n=917) (n=475) 






61 (6.7) 57 


(12.0) 








Tota 


*|psilatera! soft tissue. 
tipsilatera! side. 


distant recurrence. This finding that one third of the first 
recurrences will be local-regional is similar to recurrence 
patterns reported in other studies. This relative local- 
regional recurrence was found to be independent of extent of 
initial disease. Donegan and Skibba" have found that the ratio 
of local-regional to distant recurrences is independent of the 
stage of initial disease. Although previous studies have sug- 
gested that there is higher chance of local-regional failure 
among patients with higher-grade tumors, 58 greater number 
of positive lymph nodes,” and larger tumors, ^" it is impor- 
tant to interpret these studies in light of whether the absolute 
or relative chance of local-regional failure is being considered. 
Even though our study demonstrates an absolute increase in 
first local-regional recurrences among patients who have 
more advanced initial disease, these patients have only a one- 
third chance of a first local-regional recurrence. Thus, one can 
predict that prognostic factors that relate to an increased risk 
of overall recurrence will also increase the absolute incidence 
of local-regional recurrence, but that only one third of pa- 
tients will have a first recurrence at a local-regional site. 
Several studies have indicated that the incidence of first local- 
regional recurrences can be decreased with the use of radia- 
tion therapy following mastectomy. Edland” has recently 
reviewed this subject in detail. Baral et a ? have suggested 
that local-regional recurrences following adjuvant radiation 
therapy are possibly less aggressive. Although a specific 
subgroup of patients in this study do not appear to have a 
higher relative risk of local-regional recurrence, advising 
adjuvant radiation therapy for patients with more advanced 
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Fig 2.—Life-table proportion of patients free of distant recurrence 


following a first local-regional recurrence in 84 node-negative (dots) vs 
81 node-positive (plus signs) patients (P=.0001). 


initial disease would be likely to reduce the absolute incidence 
of first local-regional recurrence. 

This study also revealed that local-regional recurrences are 
primarily part of the initial recurrence pattern. In studying all 
the local-regional failures, independent of time, relatively few 
patients developed a local-regional recurrence after having 
developed a first distant recurrence. It would also appear that 
the majority of first local-regional recurrences will occur 
alone, without a concurrent distant recurrence. Thus, a re- 
duction of the incidence of first local-regiona! recurrence may 
influence eventual patient outcome. 

In studying the interval between mastectomy and first 
local-regional recurrence, the distribution of first local-re- 
gional recurrences following mastectomy was similar for 
node-positive and node-negative patients. The majority of 
first local-regional recurrences occurred within the first 3 
years following mastectomy for both groups of patients. Fol- 
lowing this, there seemed to be a smaller but persistent local- 
regional failure for both node-negative and node-positive pa- 
tients every year up to & to 9 years (Fig 1). It has been 
suggested that prognosis after a local-regional recurrence 
tends to be poor. Several studies have shown that a majority 
of first local-regional recurrences were followed rapidly by 
the development of a distant recurrence.” In a prior report 
of local-regional recurrences for a subgroup of the node- 
positive patients in this study, we also founda poor prognosis 
after a first local-regional recurrence." Prior studies have not 
been able to predict which patients benefit from treatment of 


the local-regional recurrence.” In the present study, com- - 


parison of the outcome of zhe 84 node-negative patients who 
developed a first local-regional recurrence with the 81 node- 
positive patients who developed a first local-regional recur- 
rence reveals that the latter had a worse prognosis (Fig 2). 
When outcome following a local-regional recurrence was re- 
lated to initial prognostic variables, both the number of posi- 
tive lymph nodes and tumor diameter correlated with time to 
distant recurrence following a first local-regional recurrence. 
Following a first local-regional recurrence, patients with 
more advanced initial disease had a much poorer prognosis, 
and this was true whether the first recurrence was local or 
regional. The time interval from mastectomy to local-regional 
recurrence was found to be an independent factor relative to 
outcome after local-regional recurrence. The shorter the in- 
terval to first local-regional recurrence, the more rapidly the 
distant recurrence was found to occur. This suggests that a 
patient with negative nodes who experiences a local-regional 
recurrence many years following mastectomy would tend to 
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nt following recurrence 


report, Probstfeld 
E tumor size and disease-free interval to 
be associated with prognosis after local recurrence. Although 
it is impossible to recommend specific treatment of local- 
regional recurrence based on these data, systemic therapy 
. would appear to be more appropriate for patients with initial 
.nede-positive disease, those with an initial regional recur- 
~ rence, and those whose cancer recurs rapidly after mastecto- 
. my. Surgical excision with or without radiation therapy may 
_ be more appropriate for node-negative patients with an initial 
. loeal-regional recurrence, particularly for those patients who 
suffer relapse several years following mastectomy. 


CONCLUSIONS 


... Five main conclusions are apparent from this study. First, 
modified radical mastectomy does result in good long-term 

. local-regional control. Second, the absolute chance of local- 
. regional failure is higher among patients with more advanced 
. Initial disease. Third, the relative chance of local-regional 
_ failure is not higher among patients with more advaneed 
|... disease. Fourth, the majority of local-regional failures will be 
_ apparent as first recurrences and often do not follow distant 
recurrences. Fifth, the development of a distant recurrence 


s iences a local-regional recurrence soon af- 









snce is dependent on the 





fter an initial local-regional recurren | 
initial disease-free interval from mastectomy to local-regional 


recurrence and on the initial tumor size and extent of node 
involvement. 
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-© We investigated the effects of human melanoma-specific 
1 s cytotoxic T lymphocytes in treating experimental human mela- 

! hepatic metastases in & nude mouse model of adoptive 
inotherapy. Hepatic metastases were generated by intra- 

injection of 1.5x10° human melanoma celis. Three days 
after injection, animals received salt solution and interleukin 2 or 
interleukin 2 and cytotoxic T lymphocytes. Twenty-four of 25 
control animals had developed multiple tumor nodules in the 
liver: 11 of 13 animals receiving only interleukin 2 also had 
significant tumor burdens. In striking contrast, 17 of 18 animals 
receiving zytotoxic T lymphocytes and interleukin 2 had no gross 
or histologic evidence of tumors. The remaining animal had a 
2-mm nodule. Human tumor-specific cytotoxic T lymphocytes 
are effective in vivo in a model of adoptive immunotherapy and 
may prove useful in adoptive immunotherapy of humans with 
metastatic melanoma. 

(Arch Surg. 1991 ;126:433-437) 









Nhe icentification and expansion of lymphocyte popula- 
_. A tions capable of mediating tumor regression on adoptive 
transfer to the tumor-bearing host remains an area of intense 
|; investigation. Initial investigations were directed toward 
s lympholone-activated killer (LAK) cells generated by cultur- 
ing lymphocytes in high doses of interleukin 2 (IL-2). 7 Adop- 
`- tive transfer of both LAK cells and IL-2 has resulted in 
antitumor effects in both murine" and human systems." 
Response rates have been low, however, and are primarily 
partial responses."^' In addition, significant toxic effects are 
associated with the high doses of IL-2 required for a therapeu- 
tic response." Investigations aimed at developing immuno- 
-therapeutic protocols that are more effective than the LA- 
K/IL-2 therapy recently have focused on tumor-infiltrating 
lymphocytes (TILs) isolated from a variety of human solid 
_. tumors and expanded in vitro." Murine studies have sug- 
v: gested that TILs may be 50 to 100 times more potent than 
LAK celis in the treatment of human solid tumors in vivo." 
— Human trials have yielded similar promising results, with 
" TIL therapy producing a greater response rate than therapy 
with LAK cells, as well as favorable responses in patients who 

had failed LAK-cell therapy. ^" 

i 












(CTLs) are a unique population of lymphocytes under investi- 
gation ir laboratory as petential effectors for the adoptive 
immi rapy of metastatic melanoma. Cytotoxie T lym- 


ean be reliably generated by repeated antigenic 
rof lymph node eells or peripheral blood lympho- 
the autologous tumor in the presence of IL-2."^ 
K cells, CTLs are major histocompatibility com- 
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plex-restricted, and specifically lyse the autologous tumor as _ 
well as allogeneic melanomas expressing the restricting _ 
HLA-A region antigen." We have also demonstrated that | 
HLA-A region-matched allogeneic melanomas ean substitute — 
for the autologous melanoma as the stimulating tumor re- . 
quired to generate specific CTLs. ”” The allogeneic-stimulat- - 

ed CTLs are specific for the autologous tumor and demon- 
strate the same pattern of HLA restriction as the autologous- - 

stimulated T-cell line. 

The option of using HLA-matched allogeneic melanoma as 
a substitute for the autologous tumor is crucial when applying — 
this technology clinically. With current methods, we can 
generate specific CTLs from readily available precursors. __ 
Lymph node cells often are available in large quantities from | 
surgical specimens; peripheral blood lymphocytes are the . 
most accessible lymphocytes and are a renewable source. The : 
amount of tumor needed for restimulation ean easily be ob- 
tained using established HLA-matched allogeneic melanoma _ 
lines, should autologous tumor be available in only Bmited 
quantities. This allows the generation of specific CTLs forall 
patients, including patients with clinical stage I disease and — 
patients with stage II disease following lymphadenectomy, _ 
who are at high risk for recurrence. 

To examine the efficacy of the specific CTLs in vivo, we 
have developed a nude mouse model for the adoptive immuno- 
therapy of human metastatic melanoma. The murine model 
discussed is unique in that human tumor-specific CTLs are 
adoptively transferred to nude mice for the treatment of 
human melanoma xenografts. We have demonstrated that _ 
CTLs are effective in vivo in the treatment of micrometa- 
stases. We describe herein our results in the treatment of 
3-day-old human melanoma hepatic metastases in nude mice 
with human CTLs and exogenous IL-2. 


MATERIALS AND METHODS 
Tumor Lines 


Fresh melanoma cells were obtained from surgically excised tu-. 
mor-involved nodes and mechanically dispersed into single-cell sus- ' 
pensions. A portion of the fresh specimen was frozen in fetal bovine 
serum (FBS) and 10% dimethyl sulfoxide for later use in T-cell . 
stimulation and cytotoxicity assays. Another portion was injected . 
into BALB/c nude mice for maintenance of the tumor line. Th 
remaining portion was placed in culture in T5-em’ flasks ‘Costar, 
Cambridge, Mass) with a culture medium (Eagle's Minimal Essentia 
Medium; Gibco, Grand Island, NY) supplemented with 10% FBS 
(Gibco), penicillin (100 U/mL), streptomycin sulfate (100 mg/L) 
amphotericin B (0.25 mg/L), and gentamicin sulfate (50 mg/L). Cel 
lines were maintained in monolayer and passaged by trypsinizatior 
with 0.0625% trypsin and ethylenediaminetetraacetic acid as re- 
quired. Early passages were frozen in FBS and 10% dimethyi sulfox- - 
ide. Each specimen was assigned a sequential Duke Melanoma (DM. 
number. Cultured melanoma cell lines were used for T-cell stimula- 
tion and in vitro cytotoxicity assays. Tumor cells maintained by serial | 
passage in the nude mouse were used for the in vivo assays. E 
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ME ymphocytes were obtai i | 
cytes or draining lymph nodes removed from patients with melanoma 


- mens were mechanically dispersed in saline solution (Hank's Eal- 
anced Salt Solution [HBSS]; Grand Island Biological Co, Grand Is- 
land, NY) and washed three times. When peripheral blood was used, 
a heparinized sample was diluted with HBSS, underlaid with lympho- 
_ cyte separation medium (LSM; Litton, Bioneties, Kensington, Md), 

and centrifuged at 1450 rpm fer 40 minutes. The lymphocyte-rich 

interface was then washed twice in HBSS. A portion of lymphocytes 


remaining cells were suspended in culture medium. 
Establishment of Cytotoxic T-Ceil Lines 


DT1€9 peripheral blood lymphocytes (HLA-A1 and HLA-A2) were 
cultured in 24-well plates at an initial density of 1 to 2 million cells per 
square centimeter of dependent surface area (2 to 4 million lympho- 
cytes per well) in culture medium consisting of RPMI 1640 (Flow 

Laboratories, McLean, Va) supplemented with 10% FBS, penicillin 
_ (100 U/mL), streptomycin (100 mg/L), amphotericin B (0.25 ug/mL), 
and gentamicir (50 mg/L). Recombinant IL-2 was added at a final 
- concentration of 5 U/mL. The T cells were cocultured with an alloge- 
-neie melanoma expressing the restricting HLA-A2 antigen (DM13: 
-. AZ, A31). The stimulating tumor was irradiated (100 Gy) and added at 
a lymphocyte-tumor ratio of 26:1. Cytotoxic T lymphocytes were 
.. restimulated with the same melanoma cell line every 10 to 14 days. 
|. The culture medium containing 5 U/mL of recombinant IL-2 was 
|. replenished every 3 to 5 days, and the cells were maintained at a 
... density of 1 to 2 million per square centimeter of dependent surface 
. area. T-zell lines are designated “DT,” while tumor lines are designat- 
s ed"DM." 


IL-2 


(s An IL-2 assay with the IL-2-dependent murine cytotoxic T-cell 
. . line showed half-maximal proliferation at 0.5 U (data not shown). 


Antibodies and immunocfluorescence Phenotyping 


W^6/32," a monoclonal antibody acting against a monomorphic de- 
|. terminant on HLA class I antigens, was purified from mouse ascitic 
-. fluid using protein A affinity chromatography. BB7.2 (American 

` Type Culture Collection). a monoclonal antibody acting against HLA- 

_ A2, was obtained from spent media of the growing hybridoma cell 
_. line. Tumor populations were characterized using both monoclonal 
_ antibodies. Secondary staining was performed using the fluorescein- 
_ -conjugated F(ab’), portion of goat antimouse IgM and IgG antibody 
- (LAGO, Burlingame, Calif). The frequency of positive cells and mean 
_ flucrescence was determined using a flow cytometer (EPICS 158; 
|... Coulter Electronics, Hialeah, Fla). 

Cytotoxicity Assays 

|o. Within 3 days of any in vivo experiment, 169 CTLs were tested to 
confirm their specificity Cell-mediated lysis was determined in vitro 
using a standard chromium” release assay. Target cells were pre- 
pared with trypsinization from a monolayer using 0.0625% trypsin. 
Approximately 1 to 5 million target cells were suspended in culture 
mediumand labeled with 75 wCi of chromium” (New England Nucle- 
ar, Bosten, Mass) for 45 minutes at 87°C, then washed three times in 
BSS. They were resuspended in culture mediunvat 2 x 10° cells per 
milliliter and combined in triplicate wells of round-bottomed miero- 
titer plates (Costar) with varying numbers of effectors such that 
effector-target ratios of 20:1, 10:1, 5:1, or 2.5:1 were obtained. The 
final volume of each well was adjusted to 200 pL with culture medium, 
it without IL-2. Wells containing only target cells and either culture 
edium or 1-moVL hydrochlorie-acid served as background chromi- 
n'-release controls or total release controls, respectively. The 
plates were centrifuged at 200g for 5 minutes and incubated at 37°C in 
9% earben dioxide for4 hours. The plates were centrifuged again, and 
supernatants were harvested using a harvesting frame (Skatron 
Harvesting System; Skatron Inc, Sterling, Va). The specimens were 
ounted in a gamma spectrometer, and the cytotoxic index was 
calculated as follows: 


















EU OX erir ant: SE d 3 ]ulm 
C vts ilies CPM (Experimental) - CF M(Medium ., 00% 


CPM (Hydrochloric acid} ~ CPM (Medium) 
in which CPM indicates counts per minute. 
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either peripheral blood lympho- | BAL 3/e male nude mice (6 weeks old) were obtained from Charles 


. during lymphadeneetomy. When lymph nodes were used, the speci- - 


were frozen in FBS and 10% dimethyl sulfoxide for later use, and the - 





River Laboratories (Raleigh, NC) and maintained under pathogen- 
free corzlitions in a laminar air-flow room. 


Preparation of Tumor Cells for in Vivo Experiments 


DM6 HLA-A2) melanoma was used in all in vivo experiments. The 
materia. was serially passaged in the nude mice, and early passages 
were used for all experiments. On the day the hepatie metastases 
were generated, a growing subcutaneous tumor nodule was harvest- 
ed from a nude mouse under sterile conditions. The specimen was 
mechanxcally dispersed in HBSS, then digested for 15 to 30 minutes 
with a mixture of deoxyribonuclease (4 g/L), collagenase (1 g/L), and 
hyaluroaidase (100 U/mL) to obtain a single-cell suspension. If the 
tumor preparation contained much debris, the cells were placed on a 
Ficoll/Hypaque gradient, washed three times, and resuspended in 
HBSS ac a concentration of 1.5 x 10° viable cells per milliliter. The 
tumor preparation was then used immediately to induce hepatie 
metastaaes. 


Generation of Hepatic Metastases 


All surgical procedures were performed under sterile conditions in 
a laminar air-flow room. Male nude mice were anesthetized with an 
intraper toneal injection (0.2 mL) of a mixture of 20-g/L ketamine 
hydroch oride and 2-g/L xylozine. The skin was prepared for surgery 
with povidone-iodine, and a left subeostal incision was made. The 
spleen was exposed and, after dividing the superior ligaments, 
brought dut to the abdominal wall. One milliliter of the tumor suspen- 
sion was injected via a 27-gauge needle beneath the splenic capsule 
over ] tc 2 minutes. After an additional 2 minutes, the needle was 
removed and the splenic pedicle ligated with a 5-0 silk suture. The 
incision was then closed with running 5-0 silk sutures. 


Adoptive Immunotherapy Model 


Three clays after induction of the human melanoma hepatic metas- 
tases, the mice were randomized into three groups: a control group, a 
group receiving IL-2 only, and a group receiving CTLs and IL-2. 
Animals zreated with the specific T cells received 2 x 10° CT Ls intra- 
peritoneally followed by twice-daily intraperitoneal injections of 5000 
U of IL-2 in 0.5-mL HBSS for 3 days. Animals treated with IL-2 only 
received the dose of IL-2 mentioned above; control animals received 
twice-daly injections of 0.5-mL HBSS. After 1 month, animals were 
killed, and their livers examined for metastatie melanoma. 


Statistical Analysis 


The significance of differences between groups was determined by 
the two-sided Fishers Exact Test, with P<.05 considered 
significar.t. 


RESULTS 
in Vitro Cytotoxicity 


The im vitro cytotoxicity of 169 CTLs, as well as other HLA- 
A2-restricted CTL lines, has been demonstrated.” The CTLs 
were assayed within 3 days of the in vivo experiments to 
confirm their pattern of cytotoxicity (Table 1). Cytotoxic 
Tlympt ocytes were also tested for effectiveness against DM6 
tumors zhat had been serially passaged in the nude mice; lysis 
ef the DM6 tumor maintained in tissue culture was greater 
than lysis of the DM6 tumor serially passaged in the nude 
mice. Staining of the tissue-culture and mouse-passaged DM6 
tumors with monoclonal antibodies to all class I antigens 
(W6/32) and to HLA-A2 antigens (BB7.2) demonstrated a 
decreased level of expression of class I antigens in the tumors 
from the nude mice compared with that seen in the DM6 
tumors derived from tissue culture (Table 2). 


Generation of Hepatic Metastases 


The growth of the human melanoma in the liver was vari- 
able, but tended to occur in three patterns (Fig 1). Control 
animals had livers almost totally replaced with tumor, tumor 
nodules seattered throughout the liver, or tumor nodules at 
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Table 1.—In Vitro Cytotoxicity of 169 Cytotoxic T Lymphocytes* 


DM6t DM6t  DM93  DM92 DM122 K562 


HLA-A antigen(s) 
expressed A2 A2 A2, A33 A1,A3 AS,A33 .... 

















Cytotoxic index 
E:T cell ratio 
20:1 88 66 73 5 4 11 
10:1 77 54 59 5 4 13 
5:1 60 31 45 3 








*DM indicates Duke melanoma, and E:T, effector-target. Tumor targets were 
the DMs and K562 (natural killer target). 

+Maintained by serial passage in tissue culture. 

Maintained by serial passage in a nude mouse. 


Table 2.— Expression of HLA Class | Antigens by DM6* 


DM6t Passaged in DM6 Passaged in 


Antibody Tissue Culture Nude Mice 


W6/32t 
Positive cells, % 
Mean ‘luorescence 





BB7.2§ 
Positive cells, % 
Mean fluorescence 


*DM indicates Duke melanoma. 

tHLA-A2 melanoma. 

+Monociona! antibody to HLA class | antigens. 
&Monoclcna! antibody to HLA-A2. 


the periphery of the liver. Enumeration of individual tumor 
nodules was not possible because of the variability in growth 
patterns and the tendency of the tumor to grow in large, 
confluent areas. Therefore, animals were classified as having 
large, moderate, or small tumor burdens. The presence of 
metastatic melanoma in the liver was confirmed with histo- 
logie examination (Fig 2) and demonstrated to be distributed 
throughout the hepatic parenchyma. 


Adoptive Immunotherapy of Hepatic Metastases 


Established 3-day hepatic metastases were treated with 
HBSS, IL-2 only, or specific CTLs and IL-2. Twenty-four of 
95 control animals had tumor nodules in the liver (Table 3). 
Using the above classification system, eight control animals 
had large tumor burdens, six had moderate tumor burdens, 
and 10 had small tumor burdens (tumor nodules around the 
periphery only). Eleven of 13 animals receiving only IL-2 also 
had liver tumors. In striking contrast, 17 of 18 animals treated 
with CTLs and IL-2 had no evidence of tumors, either grossly 
(Fig 3) or on histologic examination (Fig 4), The remaining 
animal treated with tumor-specific CTLs had a 2-mm nodule 
of melanoma in the liver. 


COMMENT 


We have previously demonstrated” the efficacy of human 
melanoma-specific CTLs in vitro and have defined a method 
of generating specific CTLs from readily available precur- 
sors. We have now extended those observations and demon- 
strated that these human tumor-specific CTLs are effective 
in vivo for the treatment of human melanoma hepat:c metas- 
tases in a nude mouse model of adoptive immunotherapy. 
Although previous investigators have used murine models to 
examine a variety of effectors for adoptive immunotherapy, 
including LAK cells? and TILs,"^ these models have em- 
ployed murine tumors and effectors derived from normal or 
immunized spleen cells*** or from infiltrating murine lym- 
phocytes.” The murine model of adoptive immunotherapy 
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Fig 1.—Examination of control mice revealed livers almost totally 
replaced by tumors (lower left; large tumor burden), nodules scattered 
throughout the liver (lower right; moderate tumor burder), or tumor 
nodules around the periphery (top left and right; small tumor burden). 


"o 
- 4 





Fig 2.—Histologic section from the liver of a control mouse adminis- 
tered an intrasplenic injection of DM6 human melanoma tumor cells. 
Note the large tumor nodules (lower left and lower right) displacing the 
normal hepatic parenchyma (original magnification x 68). 


discussed here is unique in that human cytotoxic T lympho- 
cytes are employed for the treatment of metastatic human 
melanoma. 

The athymic mouse-human xenograft model has been used 
extensively to develop treatment modalities for human malig- 
nant neoplasms. Initial investigations” studied chemethera- 
peutic agents effective against human tumors, with an excel- 
lent correlation found between response rates in the nude 
mouse-xenograft model and response rates seen clinically. 
The nude mouse-human xenograft model also has been used 
to study the response rates of various tumors to irradiation or 
hormonal manipulation and to study response rates in anti- 
body localization studies, in which a close correlation again 
has been seen clinically. This study extends the uses of the 
athymic mouse-human xenograft model toincludea medel for 
adoptive immunotherapy of human malignant neoplasms. 
This model lends itself readily to further investigations aimed 
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Table 3.— Adoptive Immunotherapy of Metastatic Human 
Melanoma in Nude Mice With Human Tumor-Specific CTLs 













No. of Tumor Burden, No. of Cases 
Mice With — —— — — — —— ——— ————À 
Metastases Large Moderate Small None 










Control animalst 
Saline solution 
only (n — 25) 24 8 6 10 
Interleukin 2 only 
(r — 13) 11 M 8 3 
Animals treated with 
2 X 10’ CTLs and 
interleukin 2 
(n=18)} 


*CTL indicates cytotoxic T lymphocytes. 
tThree-day-old human melanoma hepatic metastases were treated twice 
daily on days 3 through 5 with 2.5 mL of saline solution administered 
intraperitoneally or 5000 U of interleukin 2 in 0.5 mL of saline solution. 
$Three-day-old human melanoma hepatic metastases were treated on day 
3 with 2 x 107 169 CTLs, followed by 5000 U of interleukin 2 in 0.5 mL of saline 
solution administered twice daily on days 3 through 5. 
§P<.001 vs animals receiving saline solution or interleukin 2 only. 
One 2-mm melanoma nodule was found. 












at optimizing the efficacy of human CTLs, including investi- 
gations defining the minimum number of CTLs required for a 
therapeutic effect, determining the dependence of CTLs on 
exogenous IL-2, and examining augmentation of the effec- 
tiveness of CTLs by the administration of other cytokines or 
antimelanoma antibodies. The results of such experiments 
should provide information directly applieable to the treat- 
ment cf metastatic melanoma in humans with tumor-specific 
CTLs. In addition, when clinical studies are begun, the re- 
sponse rates in the nude mouse-human xenograft model could 
be correlated with clinical response rates seen in patients with 
metastatic melanoma. 

The number of CTLs adoptively transferred in this model is 
comparable with the number of TILs required for therapeutic 
effects in murine studies. Murine studies with LAK cells have 
required 100 million cells for therapeutic efficacy^^": murine 
studies with TILs or in vitro-sensitized spleen cells have 
suggested that 10 million cells are effective in treating micro- 
metastases. "=" The efficacy of CTLs, therefore, is compara- 
ble with that demonstrated by TILs per cell. Our results also 
indicate that the murine-passaged tumor used in this experi- 
ment has a decreased level of HLA expression and a de- 
creased susceptibility to lysis by the melanoma-specific CTLs 
compared with the early passages from tissue culture. This 
would tend to decrease the effectiveness of the tumor-specific 
CTLs in this nude mouse model. We predict that the CTLs 
would be even more effective in the treatment of fresh tumor 
specimens and, therefore, more effective in the treatment of 
human metastatic melanoma. 

Therapeutic responses in humans to either LAK cells or 
TILs have required administration of high doses of exogenous 
IL-2, which has toxic effects. The morbidity and mortality 
associated with administration of high doses of IL-2 in hu- 
mans is well documented. The amount of exogenous IL-2 
administered in this study is lower than that used in other 
murine models of adoptive immunotherapy, and the course of 
IL-2 administration in our study is shorter." This study 
demonstrates that CTLs are effective in vivo with lower 
doses of IL-2; if the effectiveness of CTLs is less dependent on 
exogenous IL-2, lower doses of IL-2 might be used therapeu- 
tically, with lower associated morbidity and mortality. 

We have demonstrated that CTLs can be generated from 
readily available precursors: lymph node cells or peripheral 
blood lymphocytes and autologous tumor or cultured, HLA- 
matched allogeneic melanomas. Murine studies with TILs 
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Fig 3.— Typical appearance of representative livers from mice treated 
with tumor-specific cytotoxic T lymphocytes and interleukin 2 on day 3 
after intrasplenic injection of DM6 human melanoma tumor cells. 
Gross examination 1 month after treatment did not reveal evidence of 
metastatic disease. 


Fig 4.— Histologic section from the liver of a mouse treated with human 
tumor-specific cytotoxic T lymphocytes and interleukin 2 on day 3 after 
intrasplenic injection of DM6 human melanoma tumor cells. Serial 
sections did not demonstrate evidence of metastatic disease (original 
magnification x 68). 


suggested that approximately 10 billion effectors would be 
required for a therapeutic response in humans." In human 
trials, the numbers of TILs infused has ranged from 8 x 10? to 
7.5 x 10". Using the methods described herein, one could 
generate comparable numbers of specifie CTLs. A single 
leukapheresis would yield 10 billion lymphocytes, and, with a 
hundredfold increase in culture, all patients should have ade- 
quate numbers of effectors for immunotherapy trials. Be- 
cause we can generate CTLs for patients with clinical stage I 
or stage II disease, these CTLs also could be administered in a 
adjuvant setting to patients with a high risk of recurrent 
disease. This would allow CTLs to be used in vivo for the 
treatment of humans with micrometastatic disease. We ex- 
pect these CTLs to prove useful in the adoptive immunothera- 
py of patients with metastatic melanoma. 


The IL-2 used in this study was generously supplied by Dupont Laborato- 
ries, Glenolden, Pa. 
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Clinical Relevance Statement 


These results in a murine model are partieularly important because. ^ 
of the correlation of expression of class I antigens in tumor passaged 
in nude mice compared with that seen in DM6 tumor that had been 
maintained in tissue culture. Because of a decreased level of HLA 
expression, one suspects that CTLs and IL-2 would be ever. more 
effectiveagainst fresh human melanoma cells. The results of ths very: 
sophisticated study demonstrate that this nude mouse model elosely: 
correlates with the behavior of metastatie melanomas in humaas. 


LoREN J. HUMPHREY, MD 
Columbia, Mo | 
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Umberto Veronesi, Natale Cascinelli, MD 


> .* We analyzed the results at 8 years of an international, ran- 
= domized, prospective study carried out by the World Health 
; Organization Melanoma Programme aimed at evaluating the effi- 
. Gacy of 1-cm-margin excision of primary melanomas not thicker 
. than 2 mm. Data for 617 patients were assessable: 305 were 
-randomized to receive 1-cm-margin excision and 307 to receive 
wide excision (margins of =3:cm). The major prognostic criteria 
= weresimilarinthetwo groups. Breslow thickness was 0.99 mm In 
.. the narrow excision group and 1.02 mm in the wide excision 
group. Disease-free and overnii survival rates (mean follow-up 
period, 90 months) were: similar in the two groups. Only four 
.. patierts had a locai recurrence as a first relapse. All underwert 
. narrow excision, and each had primary melanomas thicker than 
1mm. 
(Arch Surg. 1991;126:438-441) 








Uy xt 1977, a 3 to Sem margin of normal skin in ail 
./ directions from the visible borders of a primary melano- 
ma (cr from the biopsy scar) was considered the optimal 
excision for all cutaneous melanomas. The recommendation 
was based on the observations of Handley in 1907,' which 


^ were confirmed by the istclegic finding of atypical melano- 


E . eytes in an area of a few centimeters around a primary mela- 
. oma. originally deseribed by Olsen? in 1966. 


 Breslow and Macht’ first questioned the need for “wide 
excision" in every case; they reported no adverse events in a 


| small series of patients with melanomas not thicker than 


0.76 cm who underwent verv limited excision, in some in- 
stances of 2 mm of normal skin. At the end of the 1970s, the 
question of how much surrounding normal skin should be 
removed during the excision of primary melanomas of the skin 
became the most important matter of surgical treatment of 
cutaneous melanoma; al! reports*" published in that period 
supporting "conservative" surgical approach were based or 
|  Rériesthat were limited in number and unbalanced in terms o? 
-  thesite of origin of the primary tumor. Our first article on this 
. subjeet’ reported the experience of the World Health Organi- 
_ zation Melanoma Programme: of more than 800 patients with 
Stage I melanomas treated surgically, only 40 underwent an 
-excision with a resection margin less than 2 em. These 46 
. patients were not representative of the entire series, because 
. they were seleeted mainly on the basis of the site of origin. 
-For this reason, in 1680 the World Health Organization 
Melanoma Programme started a randomized prospective 
wy melanomas not thicker than 
) receive either narrow or wide 
of the study was published in 1988, 
follow-up period of 55 months 
ierall survival rates were similar 
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in the two groups." The absence of local recurrences in the 
grougof patients with primary melanomas thinner than 1 mm 
and tke very low rate of local recurrences for thicker melano- 
ma indieated that narrow excision was a safe and effective 
procedure. 

The aim of this article is to update the results of the random- 
ized, multicentric, international study; the length of follow-up 
is now 90 months. 


PATIENTS AND METHODS 


The study included the analysis of data from 612 patients. Of these, 
189 (31,895) were male, 240 (39.2%) had a primary tumor onthe trunk, 
and 373 (61.4%) were between 20 and 50 years of age (Table 1). The 
mean fhickness of the primary melanoma was 1.009 mm. The mean 
length of follow-up was 90 months. 


Selection of Patients 


Patients with clinical stage I melanomas 2 mm thick or less were 
eligib:e to participate in the study. A 0.5-mm tolerance in tumor 
thickness was considered acceptable. Patients with facial melanomas 
were ezcluded, because an excision with 3-cm margins was not possi- 
ble. Similarly, those who had primary lesions on the fingers or toes 
were excluded, because excision with 1-em margins was considered 
inapprepriate. Excisional biopsy performed more than 6 weeks be- 
fore definitive surgical treatment was also a reason for exclusion. 
Patierts over the age of 65 years, those with satellite nodules, multi- 
ple pr:mary melanomas, or a history of cancer, and those who for any 
reason could not be followed up on a regular basis were similarly 
excluced. Patients who had no adequate histologic documentation for 
pathologic review were also excluded. 

Three representative pathologic slides of each primary tumor were 
requested, The slides were reviewed by a panel of five pathologists to 
reconfi"m diagnosis and ensure a uniform evaluation of prognostic 
criteris. Thirty-one (4.8%) of 643 eligible randomized cases (16 in the 
harrow excision group and 15 in the wide excision group) were 
considered not to be melanomas by the panel of pathologists and were 
excluded from present analysis. 


Randomization 


Patients were randomly assigned to either wide excision or narrow 
excision surgery after the melanoma had been removed by excisional 
biopsy and its thickness verified to be no more than 2.0 mm by 
histologic examination of the surgical specimen fixed in paraffin. The 
coordinating center sent each participating center a series of sealed 
envelopes, each containing a randomization number and the treat- 
ment tcbe assigned. Regional nodes were not scheduled for removal, 
A copy of the randomization series was kept by the study coordinator 
at the coordinating center so that the adequacy of the randomization 
procedure of each center could be checked. The patients were strati- 
fied according to center and previous treatment. 


Follow-up 


Patients were examined every 2 months for 2 years, then every 
3 montks from the 3rd to the 5th year, After this period, a 6-month 
follow-up was considered sufficient. Clinical examination at follow-up 
focused mainly on the identification of local recurrences and “in- 
transit" and nodal metastases, as defined by the tumor, nodes, and 
metastases staging system. In patients with no clinical symptoms, 
chest rcentgenograms were obtained every 6 months. 

To ensure an adequate evaluation of the overall survival rate, all 
partieipating institutions followed a set of general guidelines for 
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Table 1.—Characteristics of 612 Patients With Primary 
Melanomas No More Than 2 mm Thick 


No. (96) of Patients 








Wide 
Excision 


211 (49.9) 


119 (49.6) 
61 (50.4) 
127 (50.6) 








6 (100.0) O (0.0) 6 
21-40 101 (46.5) 116 (53.5) 217 
41-50 84 (52.8) 75 (47.2) 159 
51-65 114 (49.6) 116 (50.4) - 230 
Clark's level 
| 11 (64.7) 6 (35.3) 17 
li 109 (52.7) 98 (47.3) 207 
Hl 119 (46.7) 136 (53.3) 255 
IV 37 (45.7) 44 (54.3) 81 
V o (0.0) 0 (0.0) 0 
Not specified 29 (55.8) 23 (44.2) 52 
Thickness, mm 
0-0.50 62 (55.4) 50 (44.6) 112 
0.51-1.00 123 (50.4) 121 (49.6) 244 
1.01-1.50 65 (43.9) 83 (56.1) 148 
1.51-2.00 48 (49.5) 49 (50.5) 97 
22.01 5 (55.6) 4 (44.4) 9 
Undetermined 2 (100.0) O (0.0) 2 
Mean + SD, mm 0.99 +0.53 1.02 +0.49 1.009 — 0.51 
Mean duration of 
follow-up, mo 91 90 









treatmentin the first 5 years of Zollow-up. First, any locally recurring 
melanoma was to be removed by wide surgical excision within 
4 weeks of diagnosis. Second, in the event of nodal metastases, 
standard dissection of axillary and inguinoiliac nodes was to be per- 
formed within 4 weeks of diagnosis. Third, adjuvant treatments could 
be administered after surgery for nodal metastases, provided that 
the policy of treatment had been defined before the beginning of the 
trial and remained uniform in each center, at least during the first 5 
years of follow-up. Finally, if distant metastases appeared, they were 
to be treated with chemotherapy. The first drug to be administered 
was dacarbazine at a dosage of 300 mg/m’ of body surface area for 


" 5 consecutive days every 4 weeks. If no response to dacarbazine was 


observed, each center could then treat the patient according to its 
own protocols. 


Statistical Evaluation 


Each treatment group consisted of a minimum of 250 patients. 
Since narrow excision may be related to a higher risk of recurrence, 
we decided that if the recurrence rate appeared higher in either of the 
groups, the trial would be discontinued. 

A x’ test was used to analyze contingency tables, and rates of 
disease-free and overall survival were analyzed by the Kaplan-Meier 
technique and evaluated by log-rank test. 


RESULTS 


The first step of the analysis was to assess distribution of 
major prognostic criteria in the two treatment groups. Table 
1 shows that all prognostic variables were similar in the two 
groups. Tumor thickness was also comparable; the mean 
thickness of 0.99 mm in the narrow excision group and 1.02 
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Fig 1.— Overall survival of 612 patients with stage | cutaneous melano- 
ma not thicker than 2 mm by type of surgical treatment. Line with dots 
indicates narrow excision (n=305); line with vertical marks, wide 
excision (n= 307). P = .64. 
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Fig 2.—Disease-free survival of 612 patients with stage | cutaneous 
melanoma not thicker than 2 mm by type of surgical treatment. Line 
with dots indicates narrow excision (n = 305); line with vertical marks, 
wide excision (n= 307). P=.74. 
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mm in the wide excision group did not affect the results of the 
study. Student's t test indicated that the different distribu- 
tion of this variable in the two groups was not statistically 
significant (t — 0.72, P>.05). 

The actuarial survival rate of the entire series at € years 
was 89.0%. The 305 patients who underwent narrow excision 
had an 8-year actuarial survival rate of 89.6%, compared with 
90.3% for those who underwent wide exeision (Fig 1). The 
observed difference in survival was not statistically signifi- 
cant (P —.64). Disease-free survival was also similar: the 8- 
year disease-free survival rate was 81.6% for patients sub- 
jected to narrow excision and 84.4% for patients in the wide 
excision group (Fig 2); in this case, too, the observed differ- 
ence was not statistically significant (P>.74). 

Overall and disease-free survival was separately evaluated 
for the patients with Breslow's thickness up to 1 mm and for 
those with thieker tumors. Results are shown in Figs 3 
through 6. Patients with primary melanomas not thicker than 
1 mm had a better prognosis than those with thicker tumors; 
disease-free and overall survival rates at 8 years in the first 
group of patients were 89.8% and 94.6%, respectively (Figs 3 
and 4), while the second group of patients showed an 8-year 
disease-free survival of 74.296 and an 8-year overall survival 
of 83.9% (Figs 5 and 6). The analysis of data according to 
treatment within the two groups did not indicate an impact of 
the width of resection margins both on disease-free and over- 
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Fig 3.—Overal survival of 356 patients with stage | melanoma (thick- 
ness, 0.1 to 1 mm) by type of treatment. Line with dots indicates narrow 
excision (n= 185); line with vertical marks, wide excision (n= 171). 
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Fig 4.—Disease-free survival of 356 patients with stage | melanoma 
(thickness, 0.1 to 1 mm) by type of treatment. Line with dots indicates 


narrow excision (n= 185); line with vertical marks, wide excision 
(nz 171). P- 27. 
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all survival. 

Up to April 1, 1990, a total of 84 patients (13.7%) had had a 
relapse ofthe disease. Table 2 shows the site of first relapse of 
melanoma; the most frequent first negative event was region- 
al lymph node metastases, which were observed in 45 patients 
(7.3%). Metastases to distant organs were observed in 81 
patients (5.1%). The frequency of both regional nodes and 
distant metastases was similar in the two groups of patients. 
Table 2 shows also that local recurrences and so-called in- 
transit metastases were infrequently observed. Four pa- 
tients (0.6%) had in-transit metastases, and four patients 
(0.6%) had local recurrences. 

All feur patients who developed local recurrences as the 
first site of relapse were in the group of patients subjected to 
narrow excision as the first treatment. Histologic examina- 
tion revealed neoplastic nodules in an area of 1 em from the 
scar, but it was impossible to determine whether they were 
residua of primary tumors or secondary deposits. All four 
patients were female. The site of primary melanomas was the 
lower limbs in two patients, the upper limb in one patient, and 
the trunk in one patient. The microstaging indicated a level 
IV melanoma for all patients. Breslow's thickness was more 
than 1 mm inal! patients (1.1 mm in two patients and 1.9mmin 
the other two). Loeal recurrences appeared between 
5 months and 7 years. Two patients are at present alive with 
no evidence of disease. In one patient with the primary tumor 
on the upper limb (Breslow’s thickness, 1.9 mm), local recur- 
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Fig 5.— Overall survival of 245 patients with stage | melanoma (thick- 

ness, 1.1 to 2 mm) by type of treatment. Line with dots indicates narrow 

excision (n= 113); line with vertical marks, wide excision (n= 132). 
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Fig 6.— Disease-free survival of 245 patients with stage | melanoma 
(thickness, 1.1 to 2 mm) by type of treatment. Line with dots indicates 
narrow excision (n— 113); line with vertical marks, wide excision 
(n= 132). P — .96. ^ 


Table 2.—Site of First Relapse in 84 Patients With 
Assessable Data 


No. 
————— MáÓÀ— — á— 
Narrow Wide 
Excision Excision 


Regional nodal metastases 
Distant metastases 
Total 





rence appeared 20 months after primary treatment. She un- 
derwent wide excision of the recurrences; regional node me- 
tastases appeared 2 years after the surgical treatment of the 
local reeurrence. She underwent axillary dissection, and 
1 year later a single in-transit metastasis appeared. The 
patient was again subjected to surgical resection of the subcu- 
taneous nodule; she was free of disease 2 years after the last 
regional procedure (5 years 8 months from the first 
treatment). 

In the second patient, the primary tumor was on the lower 
limb (Breslow’s thickness, 1.1 mm); local recurrence ap- 
peared 5 months after the primary excision. The patient was 
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ease 5 years after wide excision of the local 


onts died of melanoma. The first had a melanoma 
r limb (Breslow’s thickness, 1.1 mm). Local recur- 
wed 18 months after primary treatment, and the 
erwent wide excision. Lung metastases appeared 
jr wide excision of the local recurrence. The 
month after the diagnosis of lung metastases (2 

















| - years 10 months after primary treatment). The second pa- 
ient, with the primary tumor on the trunk (Breslow's thiek- 


ness, 1.9 mm) developed a local recurrence 7 years after 
narrow exeision. Six months after surgical treatment of local 
recurrence, the patient developed lung and liver metastases. 
She died 4 months after the diagnosis of distant metastases. 


COMMENT 


The analysis of data from the 612 patients entered into the 
prospective, randomized clinieal trial carried out by the 
World Health Organization Melanoma Programme allows us 
- to conclude that “narrow” excision of primary melanoma is as 
. effective as wide excision in patients with stage I cutaneous 
- melanomas not thicker than 2.0 mm. The two groups of pa- 
tients were comparable according to the main prognostic 
criteria; it has to be stressed that the different mear: thick- 
nesses of the primary melanomas in the two groups do not bias 
the evaluation of long-term results because the observed 
difference of 0.08 mm was minimal and because statistical 
evaluation of this difference did not reach a significant value. 
The length of follow-up (mean, 8 years) allows a proper 
evaluation also of the late events. 
Disease-free and overall survival after the two treatment 
. modalities in the entire group was similar (Figs 1 anc 2). No 
(significant differences related to the width of excision were 
observed when disease-free and overall survival was evalu- 
ated in the subgroups of patients with primary melanomas not 
thicker than 1 mm and between 1.1 and 2.0 mm. The frequen- 
cy of adverse events during follow-up was similar in the two 
groups when regional lymph node metastases, in-transit me- 
tastases, and metastatic spread to distant sites were taken 
into consideration. This finding is in accordance with Acker- 
man and Seheiners" statement that wide excision does not 
influence the survival outcome of patients with stage I mela- 
noma. because occult dissemination of melanoma and miero- 
satellitosis in discontinuity with the primary melanoma 
should be regarded as disseminated disease. 

Local recurrences need some discussion. It has to be 
stressed that local recurrences were defined as cutaneous or 
subcutaneous nodules that appeared along the scar or in an 
area of 1 cm or less in radius from the surgical scar; they were 

 infrequert (1.3% of the 305 patients subjected to narrow 
excision). Histologic examination of the four recurrent nod- 
ules did not allow us to differentiate between local residual 
and a metastatic event. The four patients had in 

ommon their sex (female), Clarks level IV, Breslow's thick- 
ness more than 1 mm, and narrow excision of the primary 
tumor. It is obviously impossible to answer the question of 
whether wide excision of the primary melanoma could have 
prevented the appearance of local recurrences in these four 
patients. The following considerations seem to support the 
hypothesis that loeal recurrences are unrelated to the width of 
excision of primary melanoma: (1) the time elapsed from 
primary treatment and diagnosis of local recurrence consider- 
riad in these patients, (2) this time was not related to 
oss of the primary melanoma, and (3) the evolution 
ase after surgical wide excision of the local recur- 
different; the two patients who died developed 
tases a few months later, one patient had no 
rse events, and the last (still living) had a locore- 



















Vo 126, April 1991 

































gional evolution. : 

It may be concluded that “narrow” excision is a safe proce- 
dure for primary melanomas not thicker than 1 mm. For 
melanomas between 1.1 and 2 mm in thickness, the present. 
risk of local recurrence is 3.396 after narrow exeision; longer 
follow-up is needed for a final statement. 


* * 


It must be stressed that narrow excision has to be carried — 
out as follows: skin must be cut 1 cm from the visible margins 
of primary melanoma, and the excision has to be 1 or 2em 
wider in the subcutaneous fat extending to muscular fascia. — 
The benefits of this procedure are that primary closure of the. 
surgical wound is always possible and that it may be carried. 
out under local anesthesia on an ambulatory basis, withgood : 
cosmetic results. 


The following investigators participated in this study: Jerzy Adamus,Oneo- ^. 
logical Institute, Gliwice, Poland; Charles Balch, University of Alabama Medi-. 
cal Center, Birmingham; Dino Bandiera, Hospital A.C. Camargo, São Paulo, 
Brazil; Alexej Barchuk, Petrov Research Institute of Oncology, Leningrad, 
Soviet Union; Rosaria Bufalino, National Cancer Institute, Milan, Italy: Peter 
Craig, Christie Hospital and Holt Radium Institute, Withington, Manehester, 
England; Jaime De Marsillac, Instituto Nacional de Cancer, Rio. de Janeiro, 
Brazil; Jean Claude Durand, Fondation Curie, Paris, France; Albert N. van 
Geel, Therapeutisch-Radio Institut. Rotterdam, the Netherlands; Hans Holm-: 
strom, University of Goteborg (Sweden); John A. Hunter, Royal Infirmary, 
Edinburgh, Scotland; Ole G. Jorgensen, Norwegian Radium Hospital, Oslo, 
Norway; Bela Kiss, State Institute of Oncology, Budapest, Hungary; Bin 
Kroon, Netherlands Cancer Institute, Amsterdam; Jean Lacour, Institute 
Gustave Roussy, Villejuif, France; Ferdy Lejeune, Institut Jules Bordet, 
Brussels, Belgium; Rona MacKie, University of Glasgow (Seotland); Zdenek 
Mechl, Oncological Research Institute, Brno, Czechoslovakia; Albertc Mora- 
bito, National Cancer Institute, Milan; Henryk Nosek, Oncological Disitute, 
Cracow, Poland; R. Panizzon, Universitatsspital Zurich (Switzerland), Derma- 
tologisehe Klinik; Miehel Prade, Institute Gustave Roussy; Pierluigi: Santi, 
Oneology Institute, Genoa, Italy; Emil Van Slooten, Netherlands Cancer 
Institute, Amsterdam; Radmilo Tomin, Institute of Oncology, Belgrade. Yugo- 
slavia; Nikolaj Trapeznikov, Cancer Research Centre of the USSR Acacemy of 
Mediesl Sciences, Moscow, Soviet Union; Tzanko Tsanov, Oncologieal Re- 00 
search Institute, Sofia, Bulgaria; Marshall Urist, University of Alabama Medi- SD 
cal Center; Maurizio Vaglini, National Cancer Institute, Milan; and Klaus D. um 
Woznisk, Marthin-Luther Universitat, Halle-Wittenberg, Federal Republie of 
Germany. 
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-> Antitumor reactive cells can be generated ‘rom lymphoid 
. Organs of mice bearing subcutaneous (SC), but not liver or lung, 
_ tumors by in vitro sensitization with irradiated tumor and inter- 
~ leukin 2. To examine whether visceral tumors mediated tumor- 
. . induced suppression. in vitro sensitization cells were generated 
v0 from mice bearing SC tumors with and without concomitant liver 
| orlung tumors. Antitumor efficacy of these cells was assessed in 
,  . adoptive immunotherapy experiments. The presence of visceral 
__. tumors suppressed the ability to generate therapeutic in vitro 
- sensitization cells from mice with SC tumors. By establishing 
. . visceral tumors at different intervals in relationship to SC tumor 
... inoculation, we found that visceral tumor appeared to suppress 
directly the development of a host immune response to SC tu- 
mor, rather than inhibit function of established immune cells. Our 
mode: affords a mears to study mechanisms of tumor-induced 
immunosuppression. 
(Arch Surg. 1991;125:442-445) 


"e A doptive immunotherapy studies in humans require the 
| "A. generation of large numbers of antitumor effector cells 
trom patients with advanced cancer. Hence, in vitro systems 
_ have been required to allow the selective generation and 
= expansion of antitumor reactive T cells from tumor-bearing 
hosts. We developed the in vitro sensitization (IVS) teeh- 
nique, which allows for the generation of large numbers of 
antitumor reactive T cells from animals bearing progressively 
_. growing subcutaneous (SC) tumors.’ With this method, lym- 
| phocytes are incubated with irradiated autologous tumor cells 
“in the presenze of low concentrations of interleakin 2 (IL-2). 
«The resulting T cells have dramatic antitumor activity when 
.. tested in vivo in the adoptive immunotherapy of advanced 
|. pulmonary or hepatie metastases." These FVS cells are dis- 
.. tinet from other effector cells, such as lymphokine-activated 
. killer cells and tumor-infiltrating lymphocytes.™ We are now 
|. evaluating the antitumor reactivity of IVS cells in a phase I 
- —- clinical trial.” 
- e. Theclinieal application of this approach requires the ability 
...to generate therapeutie IVS cells from individuals with ad- 
.vanced tumors. Using the weakly immunogerie MCA 106 
murine sareoma, we examined whether progressively grow- 
ing visceral tumors elicit T cells that can develop into antitu- 
< mor effector cells in IVS culture. In addition, we examined the 
ffect of visceral tumor growth on the generation of therapeu- 
ic IVS cells in mice bearing an SC tumor. 
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MATERIALS AND METHODS 
Mice 

Female C57BL/6J (B6) mice were purchased (Jackson Laboratory, 
Bar Harbor, Me). They were maintained, six or fewer to a cage, ina 
specific pathogen-free environment and were used at age 8 weeks or 
older for all experiments. Mice received water and chow ad libitum 
and were kept in a temperature-controlled environment with 12-hour 
alternating cycles of light and dark. 


Tumors 


The MCA. 106 is a syngeneic fibrosarcoma originally induced by 
intramuscular injection of 0.1 mL of 0.1% 3-methylcholanthrene in 
sesame oil. This tumor has been characterized as *weakly immuno- 
genic,” based on the observation that approximately 35% to 50% of 
mice will reject a tumor challenge after previous sensitization with 
tumor cells admixed with Corynebacterium parvum.’ The tumor was 
maintained in vivo in B6 mice by serial SC transplantation, and only 
tumors from the third to the seventh transplantation generation were 
used. Single-cell suspensions of MCA 106 cells were prepared from 
solid tumors by enzymatic digestion with constant stirring in 40 mL of 
calcium- and magnesium-free Hanks’ balanced salt solution (HBSS; 
GIBCO, Grand Island, NY) containing 4 mg of deoxyribonuclease, 
40 mg of collagenase, and 100 yg of hyaluronidase (Sigma Chemical 
Co, St Louis, Mo) for 2 hours at room temperature. 

Tumors in a variety of sites were used in these experiments. 
Footpad tumors were established by the inoculation of B6 mice with 
1x10 MCA 106 tumor cells in 0.05 mL of HBSS. Two sites of visceral 
tumors were used: multiple pulmonary metastases and solitary he- 
patic tumors. Multiple pulmonary metastases for suppression experi- 
ments were initiated by intravenous (IV) injection of 1 x 10° MCA 106 
tumor cells in 1 mL of HBSS. After IV tumor injection, multiple lung 
metastases were reliably produced; SC, hepatic, and ocular tumors 
were occasionally noted in some animals as well. Control animals 
received 1 mL of HBSS IV. Solitary hepatic tumors were created by 
direct subeapsular injection of 1 x 10° MCA 106 tumor cells in 0.01 mL 
of HBSS." Animals were anesthetized with 0.3 mL of 7% pentobarbi- 
tal, and a small midline laparotomy incision was made. Loupe magni- 
fication was used to control the subcapsular injection. In some experi- 
ments, control animals underwent sham laparotomy with subcap- 
sular injection of 0.01 mL of HBSS, after identical anesthesia. 


Lymphoid Cell Suspensions 


Popliteal lymph nodes draining footpad tumors were removed 
aseptieally after approximately 2 weeks of progressive tumor 
growth. Single-cell suspensions of lymphoid cells were prepared by 
mechanieal disruption of the nodes with the flat end of a 5-mL plastic 
syringe plunger in HBSS under sterile conditions. The cell suspen- 
sion was filtered through a layer of No. 100 nylon mesh (Nytex, 
TETKO Ine, Elmsford, NY) and then centrifuged. The resultant cells 
were washed twice and suspended in complete medium. Complete 
medium is composed of RPMI 1640 (GIBCO) supplemented with 10% 
heat-activated fetal bovine serum, l-umol/L sodium pyruvate, 
0.1-mmo/L nonessential amino acids, 2-mmol/L L-glutamine, 
100 U/mL of gentamicin, 0.5 mg/L of amphotericin B (Fungizone, 
GIBCO), and 5 x 10 "-mol/L 2-mereaptoethanol (Sigma). 

iL-2 

The purified human recombinant IL-2 had a specific activity of 6 to 

8x 10" U/mg of protein. The endotoxin level in the purified prepara- 
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tion was less than 0.1 ng/10° U of IL-2 as assessed by the standard 
Limulus assay. 


Technique of IVS of Lymphoid Cells 


The procedure for IVS was carried out in 24-well flat-bottomed 
tissue culture plates (No. 25820; Corning, Corning, NY), as described 
previously.’ Briefly, 6 x 10° lymph node cells, harvested as described 
above from the popliteal nodes of footpad tumor-bearing mic2, were 
cocultured with 1 x 10° irradiated (40 Gy) MCA 106 tumor stimulator 
cells in the presence of a low concentration of IL-2 (10 U/mL) in 
individual wells containing 2 mL of complete medium. The cultures 
were incubated at 37°C in a moist atmosphere with 5% carbon diox- 
ide. Each well was agitated and fed on day 5. Cells were agitated 
again on day 7 and harvested on day 8 or 9 when they grew to near 
confluence. These cells were centrifuged, washed twice in HBSS, 
filtered threugh a layer of No. 100 nylon mesh, and resuspended in 
HBSS for adoptive transfer. 


Adoptive Immunotherapy 


Normal E6 mice were injected IV with 8 x 10° MCA 106 tumor cells 
suspended in 1.0 mL of HBSS to initiate pulmonary metastases for 
immunotherapy targets. On day 3 after tumor injection, IVS cells 
were given IV in 1.0 mL of HBSS. Five to six mice were usually used 
per treatment group. All mice also received low-dose IL-2 injected 
intraperitoneally (7500 U twice daily for six doses) commencing after 
the transfer of lymphoid cells. Approximately 3 weeks after tumor 
inoculation, mice were ear-tagged and killed, and then the number of 
pulmonary tumor nodules was determined in a blinded fashion. Be- 
fore the nodules were counted, 15% india ink solution was instilled in 
the trachea and the lungs were bleached with Fekete's solution. 
Tumors thus appeared as discrete white nodules against a black 
background of the normal lung and were readily visible.' Lungs 
containing metastatic foci too numerous to count were assigned an 
arbitrary value of 250, because this was the largest number cf tumor 
nodules that could be reliably enumerated. 


Statistical Analysis 
The significance of differences in numbers of pulmonary metasta- 
ses between different groups of mice was analyzed by the Wilcoxon 
rank-sum test." 
RESULTS 
Induction of Pre-effector Cells by SC vs Visceral Tumor 


Freshly harvested lymphocytes from animals bearing pro- 
gressively growing SC MCA 106 tumor do not mediate tumor 
regression in adoptive immunotherapy experiments. Never- 
theless, these nonfunctional lymphocytes possess the ability 
to differentiate into therapeutic effector cells in the IVS 
culture and have been termed pre-effector cells." Normal 
lymphocytes, when placed in IVS culture, do not acquire any 
antitumor efficacy, so the existence of these pre-effector cells 
appears to be contingent on a host response to the presence of 
tumor. 

In the first series of experiments, the development of pre- 


effector cells in mice bearing solitary hepatic tumors was 
compared with that of mice bearing footpad tumors, to assess 
the host response to visceral vs SC tumor. Footpad tumors 
were established by inoculation of B6 mice with 1 x 10° MCA 
106 tumor cells. Solitary liver tumors were initiated by lapa- 
rotomy and subcapsular injection of 1x 10° MCA 106 tumor 
cells; mice bearing such tumors displayed progressive tumor 
growth (Figure) and died after 14 to 23 days. The presence of 
pre-effector cells was assayed by placing lymphocytes from 
the spleens and lymph nodes into IVS culture. 

The results of four experiments are summarized in Table 1. 
Therapy with IL-2 only did not significantly affect the number 
of lung metastases compared with no treatment (data not 
shown). Normal, non-tumor-bearing mice did not demon- 
strate pre-effector cells in either the spleen or mesenteric 
nodes. By contrast, mice bearing footpad tumors developed 
pre-effector cells that had potent antitumor activity after IVS 
culture, both in the draining popliteal node and in the spleen. 
Splenocytes and mesenteric lymph node cells from mice bear- 
ing solitary liver tumors, however, failed to display any sig- 
nificant antitumor activity after IVS culture. These results 
indicated that the development of pre-effector lymphocytes in 
a tumor-bearing host is dependent on the site of tumor 
growth. 


Suppressive Effect of Visceral Tumor 
on Pre-effector Cell Generation 


Although the preceding experiments showed that the growth of a 
visceral tumor did not lead to the elicitation of pre-effector lympho- 
cytes, they did not establish whether visceral tumor actually had a 
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Growth characteristics of solitary liver tumors created by subcapsular 
inoculation of 1 x 10° MCA 106 tumor cells. Tumor volume was esti- 
mated by the product of three perpendicular diameters of tumor. 





Tumor IVS Cell 
Site* Sourcet Experiment 1 
T "LAO 228 —- 19 
None Spleen 130+45 
None Mesenteric node 128+ 41 
Footpad Spleen 13+5§ 
Footpad Popliteal node 3+2§ 
Liver Spleen 183 30 
Liver Mesenteric node 210+28 


Mean + SE No. of Lung Metastases} 


Experiment 2 Experiment 3 Experiment 4 
50+7 120+32 248+3 
64+14 159+ 29 213+67 
24+19 Ar ve 

3+1§ 85+ 24 49+11§ 
2+1]|| 30 + 6§ 1+<1§ 
25+8 137+32 201+35 
50+13 


*Tumor-bearing mice were inoculated with 1 x 10° MCA 106 tumor cells in the footpad or liver; spleens and lymph nodes were harvested 14 days later and 


placed in IVS culture. Normal, tumor-free mice serve as controls. 


tAfter 8 to 9 days in culture, 6 x 10° IVS cells were transferred to mice bearing 3-day established lung metastases. All mice received interleukin 2 (7500 U 
intraperitoneally twice daily for 3 days) commencing the day of adoptive transfer. Each group contained five or six mice (except where noted). 
Lungs were harvested approximately 3 weeks after intravenous tumor inoculation. 


§P=.05 compared with the group that received interleukin 2 alone. 
IIN — 4. 
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ncomitant Footpad Tumors 


Mean (+ SE) 
No. of Lung Metastases} 







IVS Cell 


Experiment Experiment 
Sourcet 1 2 


"Tumor Site* 













248 +3 
49 5118 
242 + Bil 
ta ot§ 

31234 


oe 120+ 32 
Spleen 85+24 
Spleen 

Popiiteal node 
Popiiteal node 


Foetpad only 
Foetpad plus fiver 
| Foetpad only 
l  Foetpad plus liver 


. "Tumor-bearing mice were inoculated with 1 10° MCA 106 tumor celis in 
. thefooipad; some groups also were inoculated with the same dose in the liver. 
. Spleens and popliteal lymph nodes were harvested 14 days later and placed 
in in vito sensitization (VS) culture. 
. . tAfter 8 to 9 days in culture, 6x 10° IVS cells were transferred to mice 
bearing 3-day established lung metastases. All mice received interleukin 2 
(7500 U intraperitoneally twice daily for 3 days) commencing the day of adoptive 
— transtec Each group contained five or six mice. 
fLurgs were harvested approximately 3 weeks after intravenous tumor 
<. inoculation. 
§P=:05 compared with ‘he group that received interleukirc2 alone. 
[9.95 compared with the group that received footpad-oni spleen IVS ceils, 
1P«.95 compared with the group that received footpad-cnly popliteal node 
IVS ceks. 
#P = .06 compared with the group that received footpad-cnly popliteal node 
IVS celis. 







30 + 6§ 
84+ 314 


suppressive effect or merely failed to stimulate the necessary host 
immune response. To investigate this further, the next set of experi- 
mentsaddressed the effect of visceral tumor on the generation of pre- 
effector cells in response to a concomitant footpad tumor. 

The IVS celis derived from popliteal node cells of mice bearing anly 
foctpad tumors were highly effective in mediating regression of 3-day 
established pulmonary metastases, confirming our previous findir gs. 
In contrast, IVS celis derived frem popliteal nodes of mice bearing 
both footpad tumors and hepatic tumors had significant diminution of 
antitumor reactivity (Table 2), The IVS cells derived from the spleens 
of mice bearing only footpad tumors demonstrated antitumor reactiv- 
ity in experiment 1; this waa abrogated by the concomitant presence 
of hepatic tumor. The lack of significant antitumor reactivity in the 
IVS cells derived from the spleens of mice bearing only footpad 
tumors in experimen: 2 prohibits any conclusion as tothe presence or 
absence of suppression by hepatie tumor on splenocytes in that 
experiment. Because the popliteal nodes yielded more active and 
more reliable antitumor reactive cells than the spleen, IVS cells 
derived from these nodes were used in all subsequent experiments. 
Additionally, experiments were performed wherein mice with foot- 
pad tumors underwent sham laparotomy with subcapsular injection 
of 0.01 mL of HBSS; these demonstrated that there was no suppres- 

. sive effect of this procedure on the development of pre-effector calls 
(data not shown). 

The specific influence of the siteof tumor on the suppression of pre- 
effector cell development in response to SC tumor was next investi- 
. gated. Instead of a soliary liver tumor, multiple lung tumors, initi- 
ated by IV injection of 1x 10* tumor cells, were established at the 
_ time of footpad inoculat:on. These lung tumors grow sufficiently to be 
: visiblewithin 7 to 10 days and will lead to the death ofthe host within 
.24 to Z8 days. As can be seen in Table 3, IVS cells derived from 
.popliteal nodes of mice bearing footpad tumors displayed poten: 
antitumor reactivity. The simultaneous presence of progressive lung 

umore suppressed the aetivity of IVS cells generated from the 
popliteal nodes in response to footpad tumors. The magnitude of the 
uppressive effect of lung tumors appeared comparabie with that ef a 
olitar liver tumor, indicating that this effect was not dependent or 
the site of visceral tumor. Subsequent experiments to characterize 
he nature of the suppressive effect were carried ou: with the lung 
used as the visceral site of tumor. 
: We next investigated whether the observed suppressive effect was 
related to the overall tumor burden (which was twice as great in mice 
bearing two sites of tumor as in those with only one site) rather than 
_the presence of viscera! tumor. In this experiment, pre-effector cel! 
development in mice bearing only footpad tumors wascompared with 
‘that in mice bearing fcotpad tumors plus either lang tumors or 
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Table 3.— Suppressed Development of Pre-effector Cells by 
Lung Tumors in Mice Bearing Concomitant Footpad Tumors 
7 din Mean (= SE) 

No. of Lung Metastases} 


geome 


Experiment Experiment 
1 2 










IVS Cell 








Tumor Site* 





132 x41 
3:138 
157 + 22* 


110 + 24 













Popliteal node 
Popliteal node 
Popliteal node 


Footpad only 
Footpad plus lung 
Footpad plus flank 


*Tumer-bearing mice were inoculated with 1x 10* MCA 106 tumor cells in 
the footpad or intravenously (to establish lung tumors); popliteal lymph nodes 
were harvested 14 days later and placed in in vitro sensitization (IVS) culture. 

TAfter 8 to 9 days in culture, 6x 10* IVS cells were transferred to mice 
bearing 3-day established lung metastases. All mice received interleukin 2 
(7500 U intraperitoneally twice daily for 3 days) commencing the day of adoptive 
transfer. Each group contained five or six mice (except where noted). 

fLungs were harvested approximately 3 weeks after intravenous tumor 
inoculation. 

$2.05 compared with the group that received interleukin 2 alone. 

iN = 4. 

{P=.05 compared with the group that received footpad-only or footpad plus 
flank IVS celis. 











Tabie 4. — Kinetic Analysis of the Suppressed Development of 
Pre-effector Cells by Lung Tumors in Mice Bearing 
Concomitant Footpad Tumors 







Mean (+ SE) No. of 











Lung Metastasest 
Day of 
Lung Tumor — 6x10*Cells — 3x10*Ceils 
Tumor Site Inoculation* — Transferredt Transferred 












n 180 +21 
Footpad only m 45 + 228 38 + 108 
Footpad plus lung -7 85 + 29§ 212 + 38) 
Footpad plus jung 0 99+ 20 167 + 48 
Footpad plus lung +3 8+ 38 60 x: 176 
Footpad plus lung +7 41 + 22§ 44+ 15§ 





*Tumeor-bearing mice were inoculated with 1 10° MCA 106 tumor cells in 
the footpad; some groups also received 1 x 105 MCA 106 tumor cells intrave- 
nously either before, at the time of, or after footpad inoculation. Popliteal lymph 
nodes were harvested 14 days after footpad inoculation and placed in in vitro 
sensitization (IVS) culture. 

fLungs were harvested approximately 3 weeks after intravenous tumor 
inoculation. 

tAfter 8 to 9 days in culture, 6 x 10* or 3x 10* IVS cells were transferred to 
mice bearing 3-day established lung metastases. All mice received interleukin 
2 (7500 U intraperitoneally twice daily for 3 days) commencing the day of 
adoptive transfer. Each group contained five or six mice. 

§P=.05 compared with the group that received interleukin 2 alone. 

iP-«.05 compared with the group that received 3 x 10* footpad-only IVS cells. 


additional SC tumors in the flank. Mice in the latter two groups had an 
identical combined tumor inoculum of 2 x 10°, as opposed to 1 x 10° in 
mice with only footpad tumors. The IVS cells from mice bearing flank 
and footpad tumors were equivalent in activity to those from mice 
with foctpad tumors alone (Table 3). In contrast, cells derived from 
mice bearing both lung and footpad tumors were not therapeutically 
effective. Hence, the suppressive effect of visceral tumor was not 
related to the additional tumor burden. 


Kinetics of the Suppressive Effect of 
Visceral Tumor on Pre-effector Cell Generation 


To investigate the kinetics of the suppressive effect of visceral 
tumor on pre-effector cell development, mice had lung tumors initi- 
ated at different time points in relation to the establishment of the 
footpad tumor. Control mice received HBSS IV at the time of footpad 
tumor inoculation. As shown in Table 4, when the pulmonary tumors 
were initiated at the time of or 7 days before establishment of the 
footpad tumor, the development of pre-effector cells in the draining 
popliteal node was suppressed compared with those with only footpad 
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ae .— Decreased Yield of jf Popliteal qun Node 
Lymphocytes Due to the Presence of Lung Tumor in Mice 
- Bearing Concomitant Footpad Tumors 


Mean(+SE)  Popliteal Node 
Footpad Lymphocyte | 
Tumor Yield, 
Size, mmt No. (%)}+ 
2.4 10" (100) 
1.7« 10" (71) 
2.1 x10 (38) 
1.8 x107 (75) 
1.2x10 (50) 


*Tumor-bearing mice were inoculated with 1x 10* MCA 106 tumor cells in 
the footpad. ‘a addition, some groups received 1x 10* MCA 106 tumor cells 
intravenously” either before, at the time of, or after footpad inoculation. Each 
group contained six to 10 mice. 

+After 2 weeks of progressive tumor growth, animals were killed and footpad 
tumors measured. The means of the largest tumor diameter are recorded. 

+Popliteal mph nodes draining the footpad tumor were surgically removed 


Day of 
Lung Tumor 
inoculation” 


5.0+0.2§ 


Footpad pi pus lung 


cand mechanically dissociated to yield a single-cell suspension of lymphocytes. 


The number of lymphocytes recovered was determined and compared with the 
number recovered from mice bearing only footpad tumors. 
§P<.05 compared with footpad tumor—only group. 


tumors. Lung tumors established 3 to 7 days after the footpad tumor, 
however, had no suppressive effect on the development of pre-effec- 
tor cells. Because pre-effector cells have been shown to be present 
within 3 days after SC tumor inoculation,’ the kinetic data suggested 
that the presence of visceral tumor had a systemic suppressive effect 
on the development of pre-effeetor cells in response to SC tumor 
growth, rather than inhibiting the function of such ceils once 
establishec, 


Effect of Visceral Tumor on the Growth of Footpad 
Tumors and Popliteal Lymph Node Cell Yield 


- It was observedi in the course cf these experiments that the popite- 


*.-alnodes from mice bearing both footpad and visceral tumor frequent- 


ly yielded “ewer lymphocytes than those of mice with only footpad 
tumors, often by as much as 20% to 25%. The growth of footpad 
tumors anc yield of popliteal noce lymphocytes were correlated with 
the observed suppressive effect mediated by the presence of visceral 
tumor as part of the kinetic experiment described in Table 4. Footpad 
tumor sizé was measured at the time the popliteal lymph nodes were 
harvested før culture in IVS. There was a significant reduction in the 
growth of fsotpad tumors in mice that had received IV tumcr 7 days 
before the footpad tumor was established (Table 5). In the other 
groups, no significant difference in footpad size compared with that in 
mice with enly footpad tumors was seen. In all groups that had both 
visceral an: footpad tumors, however, there was a decreased yield of 
popliteal nede lymphocytes compared with the group with only foot- 
pad tumors: The decreased lymphocyte yields did not correlate with 
suppressec : antitumor activity fcr the IVS effector cells derived from 
eiving IV tumor 3 or 7 days after establishment of footpad 
's (Table 4). Therefore, the suppressive effect of visceral tumor 









- On pre-effector cell development cannot be ascribed to diminished 


eto or decreased growth of the SC tumor. 
j COMMENT 


as to mediate the destruction of cancer by the 
ve transfer of immune lymphoid cells have been the 
subject of many studies using various in vivo animal models. 
These studies have contributed greatly to our understanding 
of the principles of adoptive immunotherapy. Clinical trials of 
adoptive immunotherapy are now under way at numerous 
centers, with encouraging results. ^^ We have developed the 
IVS culture procedure, which has enabled the generation of 
therapeu ie cells from animals bearing both immunogenic and 
i nimmunogenic tumors. "^" This procedure has potential ap- 
tion to the treatment of human malignant neoplasms, 
hought largely to be poorly immunogenic. Clinical 
S cell therapy ir. advanced human cancers have 
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In experiments using the MCA 106 sareoma, mice bearing 
progressively growing subcutaneous tumor have been shown 
to develop pre-effector cells in the regional lymph rodes 
draining the tumor and in the spleen. Freshly harvestec pre- 
effector cells have no significant antitumor activity when 
tested in the adoptive immunotherapy of established pulmo- 
nary metastases; however, after IVS culture the resultant 
lymphocytes are highly effective in mediating tumor regres- 
sion in vivo.‘ The present investigations were initially carried 
out to determine if pre-effector cells developed in resporseto . 
progressively growing visceral tumors. For these studies, we _ 
used solitary liver tumors established by subcapsular tamor 
inoculation. 

In contrast to the results achieved with mice bearing SC. 
tumors, mice bearing solitary liver deposits failed to develop - 
pre-effector cells. Because of these observations, we further. 
investigated whether the presence of visceral tumor could 
have suppressive effects on the development of pre-effector _ 
cells in response to SC tumor. Indeed, we found that the - 
concomitant presence of a solitary liver tumor diminished the — 
development of pre-effector cells in mice bearing SC tumors. 
This suppressive effect was not related to the laparotomy 
procedure required to establish the liver tumor, nor was it a 
manifestation of an overall greater tumor burden, bezause 
sham laparotomies or an additional concomitant SC tamor 
failed to produce any significant suppression. In addition, the 
suppressive effect was not specific to the liver tumor, as t was 
seen to an equivalent degree when multiple lung tumors were 
present. 

The kineties of the suppressive effect mediated by visceral 
tumor have important implications for understanding the 
nature of the phenomenon. The adverse effect was seer only 
when visceral tumor was introduced before or at the time the 
footpad tumor was initiated. If visceral disease was estab- 
lished 3 to 7 days after footpad inoculation, the lymphocytes in 
the draining popliteal node retained their antitumor efficacy 
after IVS eulture. Because pre-effector cells that dewelop 
therapeutie effieacy in IVS culture are generated after as 
little as 3 days of SC tumor growth,’ these results strongly 
suggest that the presence of progressively growing visceral 
tumor suppresses the development of pre-effector cells. Con- 





versely, the fact that lymphocytes from mice with lurg tu- . : 


mors established 3 days after footpad tumors were therapeu- 
tically active is evidence that the suppression mediated by 
concurrent or preexisting visceral tumor is not probably not. 
attributable to late inhibition of the function of previously 
established pre-effector cells. That lymphecytes from: mice 
with lung tumors established 3 days after footpad tumors 
were therapeutically active also serves as indirect evidence 
that the suppression is not mediated by organ dysfunction or 
nutritional depletion, as there is no obvicus difference in the — 
health of mice bearing 11-day-old vs 14-day-old lung tumors, 
The presence of concomitant visceral tumor led not ony toa 
qualitative change in the lymphocytes draining a footpad . 
tumor (ie, suppressed pre-effector cell development) but toa - 
quantitative change as well. Fewer lymphocytes were recov- _ 
ered from regional nodes of mice bearing lung and footpad - 
tumors than from nodes of mice bearing footpad tumorszlone. . 
Interestingly, if the lung tumors were initiated after the . 
footpad tumors, this decreased lymphocyte yield was ob- 
served, even though the lymphocytes recovered contained - 
sufficient pre-effector cells to demonstrate full therapeutic _ 
activity after IVS culture. Hence, the presence of visceral . 
tumor may have other systemic effects on the host's response _ 
to the presence of a progressively growing SC tumor that are ` 
not restricted to suppressing IVS pre-effector cells. i 
Tumor-induced suppression has been observed in other 
animal models of adoptive immunotherapy. North" and Aw- © 
wad and North" extensively studied what they deseribedasa . 
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ore ' amide for dte d "e with immune 
splenocytes to be s successful. *? Awwad and North" further 
demonstrated that the transfer of CD4' (helper/inducer) 
-T cells from tumor-bearing animals restored this barrier to 
immanotherapy after radiation had eliminated it. Highly im- 
munogenic animal tumors have even been seen to undergo 
. spontaneous regression after immunosuppression, again pre- 
sumably due to the removal of a suppressor T-cell population 
that otherwise blocks the capability of the host to reject the 
tumcr." Chang et al” described differences in the require- 
ment for immunosuppression between visceral and SC sites of 
tumcr for adoptive immunotherapy to be effective. In hu- 
mans, a large body of data exists regarding the deleterious 
effects of advanced cancer on the immune response," al- 
though few data are available that specifieally relate these 
effec:s to adoptive immunotherapy trials. 

Qur observations regarding the suppressive effect medi- 
ated by visceral tumor differed substantively from those 
immunosuppressive effeets previously described. The IVS 
procedure allowed the generation of antitumor reactive cells 
from hosts bearing progressively growing SC tumors, and 
immunosuppression of the recipient was not required for 
successful adoptive therapy. The concomitant presence of a 

. visceral tumor, however, suppressed the ability of the host to 
develop pre-effector cells. Hence, our model is unique in 
identifying suppression of the host immune response to pro- 

<- gressive tumor rather than suppression of the function of 
committed immune effector cells. Furthermore, although dif- 
ferences in the ability to treat various sites of tumor by 
adoptive immunotherapy have been described," differences 
inthe ability of various sites of tumor to suppress the develop- 

ment of immune cells have not been previously described. 
Our observations on the suppression of pre-effector cell 

. generation need to be confirmed in other syngeneic tumors, 
and such studies are currently under way. Further studies 
examining the immunologic specificity of this suppression are 
also under way. Nonetheless, the development of effective 
T-cell immune responses to human tumors has been extreme- 
ly difficult, and our anima! model may afford an opportunity to 
examine the mechanisms by which tumor can inhibit the 
sensitization of T cells to tumor-associated antigens. Any 
manipulation of the tumor-bearing host that can abrogate this 
suppressive effect would have potential significance for the 
acoptive immunotherapy of human cancer. 

Dr Sondak is the recipient of a Clinieal Oncology Career Development Award 

from tke American Cancer Society. 
| We would like to acknowledge Cetus Corp, Emeryville, Calif, for kindly 
providing the reeombinant human IL-2 used in these experiments. 
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Clinical Relevance Statement 


It is well known that patients with visceral metastases (eg, lung, 
liver) die at a faster rate than those with superficial metastases (eg, 
skin, SC tissue). Presumably, this difference in prognosis is due to the 
biologic aggressiveness of the tumor, namely, that clones of metastat- 
ie cells growing at visceral sites are inherently more virulent than the 
tumors growing in the SC tissues. The experiments of Sondak et al 
provide some new insights into host-tumor interaction, since they add 
the dimension of abnormal! immune responses to the equation. This 
observation has not been previously appreciated and is one that 
impacts on the design of clinical trials involving adoptive cellular 
immunotherapy. These investigators observed that the presence of 
visceral metastatic disease actively suppressed the function of lym- 
phocytes propagated from subcutaneous metastases. This mouse 
tumor model advances the concept that metastatic tumors at visceral 
sites have the capacity to down-regulate immunity against metastatic 
disease and, thus, tip the balance of tumor growth against the host by 
subverting its own defense mechanisms. Our own in vivo experience 
in patients with disseminated melanoma suggests that peripheral- 
blood lymphocytes seldom propagate cytotoxic T lymphocytes, while 
tumor-infilitrating lymphocytes more often exhibit antitumor activi- 
ty after culture with IL-2 and tumor antigen. This in vivo model 
invokes the deployment of abnormal regulatory activities that sub- 
vert tumor immunity systemically. It will be important in the future 
to delineate the mechanisms for the systemic influence of tumor 
immunity in this model and their role in the propagation of visceral 
metastases. This information may lead to new strategies for biologic 
therapy approaches intended to augment the best immune response. 


CHARLES M. BALCH, MD 
NEAL R. PELLIS, PHD 
Houston, Tex 
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Growing Tumors 


Shelley K. Hoover, PhD; Thomas H. Inge; James L. Frank, MD;J. Gregory McKinnon, MD; 


John Monaco, PhD; Brian Susskind, PhD; Harry D. Bear, MD, PhD 


=o Tumor-specific T-cell clones were derived from spleen celis 
... of mice bearing a syngeneic PHS-5 tumor (a P815 mastocytoma 
mutant) Cells were expanded in vitro and characterized and 
assayed for activity against the relevant tumor in viva. Clone 
celis were CD4 , CD8' T lymphocytes, as determined by fluores- 
cence activated cell sorting analysis and were specifically cyto- 
toxic agaimst P815 tumor cells in vitro, as shown in chromium 51 
release assays. These cells require both antigen and interleukin 2 
to proliferate; neither alone is sufficient, even with the addition of 
interleukiri1. In an experimental P815 liver metastasis model, the 
adoptive transfer of GD11 or GD11.17 clone celis and injection of 
recombinant interleukin 2 (7500 U intraperitoneally) 3 days after 
infusion of tumor celis reduced the number of tumor r'odules, 
a while the adoptive transfer of lymphokine-activated killer cells 
y (Arch Surg. 1991;126:447-452) 


C ytotcxie T lymphocytes (CTLs) can be activated from the 
_/ lymphocytes of either immune animals or tumor-bearing 
hosts (TE Hs) in several animal and human tumor models.” 
Once activated in vitro, CTLs from several sources can medi- 

ate tumor regression in vivo when adoptively transferred into 
hosts with progressive or metastatic tumors." We and others 

have shown that tumor-specific CTLs ean be generated from 

the spleen cells of DBA/2 mice bearing the syngeneic P815 
mastocytoma, that in vitro responsiveness declines with pro- 

... gressive in vivo tumor growth, and that spleen cells from late 
4 . TBHmicecontain T-suppressor cells that can inhibit this CTL 
response.” To learn more about the activation, function, and 
gulation of tumor-specific CTLs, we developed a cloned 
TL line from TBH spleen cells. Such a clone serves as a 
s population for the study of antitumor immunity 
ulation. Manipulation of these CTLs by immu- 
AU cells and soluble factors may provide consider- 
able insight into CTL function. Unlike many CTL clones, 
these cels ean be down-regulated to a nonlytic or resting 
state, analogous to memory CTLs harvested from immune 
mice. In addition, cells from the CTL line demonstrated 
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Cytotoxic T-Lymphocyte Clone 
rived From Mice With Progressively 


marked antitumor activity against P815 liver metastases in 
vivo. 


MATERIALS AND METHODS 

Mice | 

Viras-free DBA/2 NCrIBR mice (Charles Eiver Laboratories, 
Wilmington, Mass) were housed in a virus-free environment. given 


food and water ad libitum, and screened regularly for pathogenic —- 
viruses by means of standard serologic tests. Lr 


Tumors 


The P815 mastocytoma, P388 lymphoma (H-2"), EL-4 leukemia __ 
(H-2^, and YAC-1 (H-2") were obtained from V. J. Merluzzi, PhD, at. 
Boehringer Ingelheim Pharmaceutical Ine, Ridgefield, Conn. The 
B16 melanoma (H-2°) was obtained from Kimber White, PhD, atthe 
Medical College of Virginia, Richmond. L5178Y (H-2") lymphoma 
was obtained from Robert North, PhD, at the Trudeau Institute, .- s: 
Saranac Lake, NY. P815, P388, L5178Y, and EL-4 were passsgedas ^. 
ascites in syngeneic mice ard cryopreserved in liquid nitrogen. 5 
YAC-1 and B16 were maintained in culture. PHS-5, deseribed previ- —.— 
ously,” is a spontaneous mutant of P815 selected in S-&zagtanine, |. 
whick cannot grow in the presence of hypoxanthine, aminoptern,and . 
thymidine. ; 


Monoclonal Antibodies and Subset Analysis 


GK1.5 (anti-CD4), 116-13.1 (anti-CD8), 7D4(anti-interieukin 2R-a 
chain), and 30-H12 (anti-Thy-1) hybridomas were obtained fromthe. 
American Type Culture Collection (Rockville, Md), Antibodies were — 
prepared from ascites as described previously. ^" For phenotypic an- 
alyses, cells were coated with the appropriate monoclonal artibody 
by ineubating cell pellets (10° cells) in 1:50 (GK1.5) or 1:100 (1:6-13.1.— 
and 30-H12) dilutions in cytotoxicity medium (Cedarlane Laborato- 
ries, Westbury, NY) for 30 minutes at 4°C. Celis were washed and 
incubated with a secondary fluorescein isothiocyanate-conjugated 
mouse or rat anti-IgG monoclonal antibody for 30 minutes at 4°C. 
Cells were washed and fixed in 1% paraformaldehyde in phosphate- 
buffered saline before analysis on a fluorescence activated flow 
cytometer (Becton-Dickinson, Braintree, Mass). For experiments 
examining the roles of CD4 or CD8 in target cel recognition, G&1.50r 
116-13.1 was added during cytotoxicity assays at a final concentration 
of 1:100. 




































Lymphokines 


Human recombinant interleukin 2 (rIL-2) concentrations are ex- 
pressed as Biological Response Modifiers Program bioassay. units, 
with proliferation of CTLL-2 cells used as an indicator." Purified. 
human interleukin 1 (IL-1) concentrations are expressed as half- 
maximal units, defined as the reciprocal of the IL-1 dilution s ;mulat: 
ing concanavalin A-primed murine thymocytes to incorporste half 
the maximal amount of tritiated thymidine that they would incorpo- 
rate under conditions where IL-1 is in excess. Supernatant fluid from 
secondary DBA/2 anti-C57B1/8 mixed lymphocyte reactions was pre- 
pared as described previously." ] 
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of CTL Clones and Lymphokine-Activated - 


LAK) Cells: From TBH Spieer Cells 


* n vitro genexation.and elimination of T- 
cell subsets are described in detail elsewhere. ^ T cells from early 
TBH spleens (12 days after intradermal inoculation of 10° PHS-5 









. tumor cells) were isolated by passage through nylon wool columns." 
. T-heiper and T-suppressor-inducer celis were eliminated by trest- 
ment with anti-CD4 antibody plus rabbit complement (Cedarlane 
Low-Tox, Aceurate Chemical Co, Westbury, NY} The remaining 
. cells were stimulated in mixed lymphocyte tumor cell cultures with 
mitomycin C-treated PHS-5 (PHS-5mc: cells plus hypoxanthine, 
aminopterin, and thymidine plas rIL-2 (25 U/mL) in complete medi- 
um (RPMI 1640-penieillin (106 U/mL}-streptomyein [100 mg/L1-2- 
mmol/L L-glutamine, 10-mmcUL 4-[2-hydroxyethyl]-1-piperazine- 
ethanesulfonie acid buffer-1-mmoVL sodium pyruvate-nonessential 
amino acids-à x 10 "-r1ol/L 2-mereaptoethanol-10% fetal calf serum 
[Hycione, Legan, U:ah]. After 7 days, cells were harvested and 
cloned by limiting dilution, as described by others. '** Cloned cell 
lines were maintained by serial passage a: 5 x 10° cells per well in 24- 
well plates every 7 days, with fresh PHS-ame, rIL-2 (25 U/mL), 10% 
supernatant fluid from mixed lymphocyte reactions, and irradiated 
normal spleen cell feeder cells in complete medium. Subsequently, 
the feeder ceils were found to be unnecessary and were eliminsted. 
Cells were fed every 3 days with complete medium plus supernatant 
fluid from mixed lymphocyte reactions plus rIL-2 and split when 
confluent in wells or tissue culture flasks. The GD11 line and two efits 
subclones, GD11.10 and GD11. 17, are deseribed herein. 

The LAK cells were generated from spleen cells or normal DBA 2 
mice by means of a modification of the procedure described by Lafren- 
iere and Rosenberg." Briefly, red blood cells were iysed with Gey’s 
hemolytic medium,” and 5 x 10° spleen celis were cultured in 162-crn? 
flasks (Costar, Cambridge, Mass) in 100 mL of complete medium with 
1000 U/mL of rIL-2. Cultures were incubated at 3T C, in 5% carbon 
dioxide for 72 hours. The LAK cells were washed two times in 
phosphate-buffered saline before adoptiveimmunotherapy. 


Southern Blot Analysis 


DNA sampies extraeted from CTL clones (10 ag) were digested by 
restriction endonucleases (HindIII or EcoRI; Boehringer Mann- 
heim, Indianapolis, Ind) and subjected to eleetrophoresis in 1.2% 
agarose gels. DNA wes blot-transferred onto nylon filters with the 
use of 0. 4-moL/L sodium hydroxide." Hybridizations were carried out 
with 1 x 10° epm/mL of random primed pTJ ge probe (an 800-base pair 
HindlII-EcoRI genomic DNA fragment) containing the T-cell recep- 
tor B-chain J region (provided by J. L. Hurwitz, PhD, St Jude 
Children’s Research Hospital Memphis, Tenn)^" Blots were hy- 
bridized for 24 hours at 42°C in 50% formamide, 3 x saline sodium 
citrate, 2.5x Denhardt's solution, 2% sodium dodezyl sulfate, and 
0.5 mg/mL of denatured salmon sperm DNA. Filters were washed in 
0.1 x saline sedium citrate and 0.196 sodium dodecy! sulfate at 62°C 
and exposed to x-ray film (Kodak X AR-5) for 2 weeks at — 70°C. 


Cytotoxicity Asseys 


Cytotoxicity was determined by means of chromium 51 release 
assays as described previously." Briefly, elone cells were harvested 
and counted, and viabie effectorvells (effector-target ratios, 10:1, 5:1, 

_ ete)in 0.1 mL were added to V-bottomed 96-well plates (Linbro, Flow 
. Laboratories, McLean, Va) in triplicate. P815 or other target cells 
. from ascites or cultures were washed and labeled by ineubating 
. 5x10 viable cells with 9.25 of sodium chromate Cr 51 (New 
-England Nuclear, Boston, Mass) in a volume of 1 n for 1 hour at 
— 8T'C. Labeled cells were washed three times in complete medium, 
< and 16° cells in 0.1 mL were added to effector cells. After incubation 
~ for4 hours at 87°C and centrifugation at 406g for 10 minutes, 0.1 mL cf 
.Supernatant fluid was removed from eaeh well ard counted in a 
. gamma counter (LKB 1274). Spontaneous release wa: determined by 
incubating target cells with medium alone. and maximum release by 
- incubating in 5% octy:phenoxypolyethoxy ethanol in:distilled water. 

-. The spontaneous and maximum releases were determined from six 
- replicates each. The percentage of specific release was calculated as 
- follows: percentage specific release = 100 x [(counts per minute with 
_ effector cells) — (counts per minute spontaneous release)/(counts per 
minute maximum reiease)—(counts per minute spontaneous re- 
. lease)l. The SEs for triplicate assays were less than 10% and are not 
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Proliferation Assays 
Proliferation was determined by the uptake of tritiated thymidine. 
Responder cells (2.5 x 10° cells per well) were cultured with medium 
alone, medium containing IL-2, PHS-5me, or IL-2 plus PHS-5me in 
96-well flat-bottom plates (Costar) at 37°C in 5% carbon dioxide. 
Samples were cultured in quadruplicate for 4 days, and 37 kBq per 
well of tritiated thymidine (New England Nuclear) was added before 
the last 18 hours of culture. Cells were harvested by means of a cell 
harvester (PHD; Cambridge Technology Inc, Cambridge, Mass) on 
day 4; filters were dried and put into liquid scintillation cocktail 
(Ready Safe; Beckman, Fullerton, Calif). Samples were counted ina 
beta counter (Beckman LS 5000TD). Results are mean values for 
quadruplicates + SDs. 


Adoptive Immunotherapy 


Mice were injected in the tail vein with P815 tumor cells (10°) in 
0.5 mL of phosphate-buffered saline. Three days later, GD11, 
GD11.17, or LAK cells (experiments 1 and 2, 1.5 x 10' cells; experi- 
ment 5, 4 x 10 cells) were injected intravenously in 0.5 mL of phos- 
phate-buffered saline. Mice received rIL-2 (experiments 1 and 2, 7500 
U; experiment 3, 10 000 U intraperitoneally) twice daily for 1, 4, or 
9 days (experiments 1, 2, and 3, respectively) after the transfer of 
GD11, GD11.17, or LAK cells. Mice were killed on day 10, and livers 
were perfused with india ink via the portal vein by means of a 
modification of the Wexler technique.” Livers were removed and 
counterstained in Fekete's solution. Metastatic nodules were enu- 
merated macroscopically. 


Statistical Analysis 


In adoptive immunotherapy experiments, treatment groups con- 
sisted of at least five animals, except where noted. The significance of 
differences in the numbers of metastases between groups was deter- 
mined with Student t test. 


RESULTS 
Cytotoxic Activity and Specificity 


Cytotoxic T lymphocytes generated in a 6-day mixed lym- 
phocyte tumor culture containing day 11 P815 TBH spleen 
cells and P815mc appropriately lysed P815 but not syngeneic 
L5178Y lymphoma cells (Fig 1). Stimulation of spleen cells 
from P815 TBHs with L5178Yme did not result in activation 
of CTL that lysed either P815 or L5178Y target cells. Recip- 
rocally, CTLs generated from spleen cells of day 11 L5178Y 
TBH mice by stimulation with L5178Y me specifically lysed 
L5178Y but not P815 target cells. Stimulation of Spleen cells 
from L5178Y TBH mice with P815me did not lead to lysis of 
either P815 or L5178Y target cells. Thus, the CTL response 
was antigen specific at the levels of in vivo sensitization, in 
vitro stimulation, and the target cell for cytotoxicity assay. 

Both GD11 (Fig 2) and GD11.10 (Fig 3) were highly eyto- 
toxie against P815 target cells, as measured in standard "Cr 
release assays. Neither GD11 nor GD11.10 demonstrated 
lysis of syngeneic L5178Y target cells. In addition, bothGD11 
and CD11.10 displayed minimal or no cytotoxic activity 
against a panel of target cells, including P388 lymphoma, EL- 
4 leukemia, B16 melanoma, and YAC-1 (Fig 3). 


Southern Blot Analyses 


GDil cells were cloned from spleen cell populations of 
tumor-bearing mice by means of limiting dilution. GD11 was 
derived from one of 21 positive wells (of 96) in which an 
average of one cell per well was plated. GD11.10 and GD11.17 
were subcloned from GD11. To determine whether GD11 
and/or GD11.10 cells were derived from a single cell, we 
analyzed the T-cell receptor-B gene loci for rearrangement. 
Southern blots of HindIII or EcoRI digests of cellular DNA 
were hybridized to a J,2 probe. As demonstrated in Fig 4, the 
germline configurations of the J,2 region of the HindIII di- 
gest appeared as a 4.4-kilobase fragment (lane A2) and as a 
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Fig 1.—Lysis of L5178Y or P815 target cells by appropriately sensi- 
tized tumor-specific cytotoxic T lymphocytes. Spleen cells from P815 
or L5178Y tumor-bearing host (TBH) mice were stimulated with mito- 
mycin C-treated P815 or L5178Y in a standard 6-day mixed lympho- 
cyte tumor cell culture and assayed against radiolabeled P815 or 
L5178Y target cells. 
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Fig 2.—Specificity of cytotoxicity against P815 targets. GD11 cells (at 
various effector/target [E/T] ratios) were assayed for lysis of chromium 
51-labelec P815 or L5178Y targets. 


2.2-kb fragment with the use of the EcoRI digest of murine 
liver DNA (lane B3). The prominent 3.2-kb band in those two 
lanes probably represents contaminating plasmid DNA. A 
single rearranged band of 5.5 kb (lane A4) was detected for 
GD11.10. No J,2 probe hybridization was evident in GD11 
DNA. GD11 is probably an oligoclonal cell line in which the 
level of ary single B-gene rearrangement is too low to detect. 
These data suggest that GD11 is a cell line and that GD11.10is 
a clone. 


Phenotype of Cloned Cells 


GD11 and GD11.10 cells were phenotyped by means of 
monoclonal antibodies and FACS analysis. Both GD11 and 
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Fig 3. — Cytotoxicity of GD11 and GD11.10 against a panel of targets. 
Radiolabeled targets were P815 mastocytoma (H-2°), P388 monocyte 
cell line (H-2°), EL-4 lymphoma (H-2°), B16 melanoma (H-2°), and 
YAC-1 (H-2*). NT indicates not tested; effector/target (E/T) ratio. 


Lane 





Fig 4.—Southern blots for J,2 gene rearrangements. Hindili DNA 
digest, lanes A1 through A4; EcoRI digests, lanes B1 through B3; 
genomic liver DNA, lanes A2 and B3; GD11, lanes A3 and B2; and 
GD11.10, lane A4. Size markers are indicated as kilobases (kb) for A 
and B gels. 


GD11.10 were CD4 , CDS8' T cells (Table 1). A high percent- 
age of GD11 cells obtained 4 days after stimulation with PHS- 
5me and 2 days since last receiving IL-2 (25 U/mL) expressed 
the IL-2R a-chain (p55, or CD25). 


Role of CD8 in Target Cell Recognition and Lysis 


The P815 tumor cell line does not express class II major 
histocompatibility complex antigen.” The participation of 
CD8 molecules in CTL-target cell interactions was examined 
by using monoclonal antibodies to block recognition events 
leading to cytolysis (Table 2). Lysis of P815 targets was 
blocked by anti-CD8 but not by anti-CD4 monoclona. anti- 
body when added to the assay medium during cytotexicity 
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Table 1.—Phenotype of GD11 and GD11.10 Cells as 
Determined by FACS Analysis* 


% Fluorescence 


Cells Thy-1.2 CD4 CD8 IL-2R« (CD25) 


GD11 9D 5 85 86 
GD11.10 NT E 81 NT 


*FACS indicates fluorescence activated cell sorter; IL-2R«, interleukin 2Ra; 
and NT, not tested. 





Table 2.—Ant -CD8 Antibody Blocks Lysis of P815* 


% Specific 
Releaset 


70 
59 
0 





*GK1.5 and 116-13.1 escites were used at 1:100 final concentration during 
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Fig 5.—Resting of GD11.10 clone cells. Seven days after exposure to 
tumor antigen and 2 days after last being "fed" with interleukin 2, cells 
were washed and recultured for varying times in compiete medium (no 
lymphokines) and assayed for cytolytic activity against radiolabeled 
P815. E/T indicates efector/target ratio. 


assays. Asitis known that CD8 recognizes MHC class I, these 
results support the conclusion that GD11 cells are antigen- 
specific, MHC-restr eted CTLs. 


Activation Requirements 


Both GD11 and GD11.10 cells remained cytotoxic against 
the appropriate tarzet cells at the end of each 7-day cycle of 
restimulation and growth. Four days after cells were washed 
and recultured in medium alone, GD11 (data not shown) and 
GD11.10 (Fig 5) become noncytotoxic against P815 target 
cells. At this point. these CTLs were in a resting, nonlytic 
state, analogous to memory CTLs obtained from tumor-im- 
mune mice. Both antigen and IL-2 were required to evoke 
proliferation (Fig ©, ie, resting cells did not proliferate in 
response to IL-2 alcne (Fig 6) or antigen alone (Fig 7). Al- 
though both antigen and IL-2 were necessary to induce cell 
proliferation, IL-2 & one stimulated cytolytic activity in both 
resting GD11 and GD11.10 cells (Fig 8). 

It has been reported that some tumor-specific CD8* CTL 
clones can produce 1 L-2 if IL-1 or accessory celis are added in 
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Fig 6.—Aetivation and proliferation of resting clone cells. GD11 or 
GD11.10 cells were incubated with medium, recombinant interleukin 2 
(rlL-2) alone (10 U/mL), or mitomycin C-treated PHS-5 (Ag) plus rlL-2. 
Cells were harvested on day 4 and counted for tritiated thymidine 
incorporation. 
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Fig 7. — Effect of mitomycin C—treated PHS-5 interleukin 1 (IL-1) and 
interleukin 2 (IL-2) on cell proliferation. Antigen with or without IL-1 did 
not induce cell proliferation in the absence of IL-2. GD11.10 cells were 
cultured in the presence or absence of IL-1 (U/mL), IL-2 (U/mL), and/or 
mitomycin ‘C-treated PHS-5. Cells were harvested on day 4 and 
assayed for tritiated thymidine incorporation. 


addition to antigen." To determine whether GD11.10 cells 
were eompletely dependent on exogenous IL-2 or might be 
capabie of autocrine stimulation if IL-1 were present, resting 
GD11.10 cells were cultured in the presence of increasing 
doses of rIL-1, with and without PHS-5 tumor cells (Fig 7). In 
the absence of tumor cells, neither IL-2 alone nor IL-2 and IL- 
1 combined could induce GD11.10 proliferation. In the pres- 
ence of antigen and IL-1, no proliferation was observed; the 
addition ef accessory cells plus IL-1 and antigen still did not 
lead to cell proliferation (data not shown). These results 
suggest that no autocrine IL-2 production could be induced by 
antigen and/or IL-1. 


in Vivo Antitumor Efficacy of GD11 Cells 


We have found that P815 preferentially metastasized to the 
liver when injected into the tail vein." Infusion of activated, 
lytic GDĦ cells intravenously followed by just two doses of 
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Fig 8.—Activation and growth of rested GD11.10 cells. Rested 
GD11.10 cells were cultured for 6 days with mitomycin C-treated 
PHS-5 alone, recombinant interleukin 2 (rlL-2) alone (10 UimL), or 
both. Cells were then counted and assayed for cytotoxicity against 
chromium 51-labeled P815 target cells. E/T indicates effector/target 
ratio. 


rIL-2 (7500 U intraperitoneally) 3 days after infusion of P815 
tumor cells reduced the number of tumor nodules at 10 days, 
compared with untreated mice or mice receiving only IL-2 
(Table 3). Similarly, the adoptive transfer of GD11.17 sub- 
clone cells 3 days after tumor injection, followed by IL-2 twice 
daily for 4 or 5 days, reduced the number of liver metastases. 
The LAK cells did not mediate any antitumor effect against 
P815. 


COMMENT 


Understanding the detailed events involved in the activa- 
tion, proliferation, and regulation of CTL is critical to design- 
ing strategies for overcoming suppression and for expanding 
tumor-reactive T cells in vitro for use in adoptive immuno- 
therapy. Cytotoxic T-lymphocyte clones specific for a variety 
of antigens, including alloantigens, viruses, and tumor-specif- 
ic antigens, have been described. ^*^^ Studies of the reg- 
ulation of T-cell activation using these CTL clones have been 
limited, and the results of such studies have been called into 
question because most of these clones are partially activated 
at the starting point of such studies"? and may represent G, 
rather than G, T cells. From the spleens of tumor-bearing 
animals, we isolated CTL clones that have tumor-specific 
cytolytic activity and that proliferate only in the presence of 
antigen and a source of lymphokines, including IL-2. When 
either of these CTL lines is removed from antigen and IL-2, 
lytic activity gradually disappears over 4 days. While both 
specific antigen and IL-2 are required for the rested CTLs to 
resume growth, IL-2 alone is sufficient to reactivate cytolytic 
activity. GD11.10 cells are completely dependent on exoge- 
nous IL-2 for growth, unlike the helper-independent eytotox- 
ic CD8* T-cell clones described by others.” Churilla and 
Braciale™ showed that virus-specific CTL clones became re- 
fractory to IL-2-induced proliferation 7 to 10 days after anti- 
gen exposure while at the same time retaining 5096 maximal 
high-affinity IL-2 binding sites. The high-affinity IL-2 bind- 
ing sites in the IL-2-refraetory “quiescent” cells were still 
capable of signal transduction late after antigenic stimulation, 
as judged by IL-2 internalization and IL-2-induced up-regu- 
lation of IL-2 receptors. However, CTL activity in IL- 
2-treated cells late after antigen exposure was not addressed 
in those studies. 

With a few exceptions,"^*? CTL clones have persistent 
cytolytic aetivity against the relevant target cells, even when 
they are *quiescent" in the sense that they will not proliferate 
in response to IL-2 alone.” These quiescent cells, therefore, 
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Table 3.—Adoptive Immunotherapy of P815 Intravenous 
Metastases by CTL clones* 


Mean ( * SD) No. of Metastases by Treatment 
c—M—————————— 





CTL 
Clones--IL-2 LAK+IL-2 


None IL-2t 
Experiment 1: 
GD11 262 +54 294 -3 3-61 NT 
Experiment 2: 
GD11.17 177 x5 170-42 47 *316 180 + 2C 


Experiment 3: 
GD11.17 300--117| | 278-414 3+3f 312-54 

*CTL indicates cytotoxic T-lymphocyte; IL-2, interleukin 2; LAK, lymphokine- 
activated killer; and NT, not tested. 

tIL-2 (7500 U intraperitoneally) twice daily for 1 day (experiment 1), or 
4 days (experiment 2), or IL-2 (10 000 U intraperitoneally) twice daily for 5 days 
(experiment 3). 

+P<.001 compared with IL-2 treatment group. 

§P<.05 compared with IL-2 treatment group. 

[Three mice in group. 

{Four mice in group. 


are not analogous to memory CTLs derived from sensitized 
hosts or long-term mixed lymphocyte cultures, which have no 
cytolytic activity until they are stimulated in vitro with anti- 
gen and/or lymphokines.” LeF rancois et al” and Havele et 
al* described allogeneic CTL clones in which IL-2-induced 
reexpression of cytotoxicity occurred without proliferation. 
Those clones proliferated only in the presence of both antigen 
and IL-2, similar to our results. However, loss of cytotoxicity 
for the allogeneic CTL clone described by LeFrancois et al” 
occurred when cells were incubated in IL-2 for 21 days. Our 
CTL clone became rested by deprivation of lymphokines and 
antigen. The continuous exposure of LeFrancois and asso- 
ciates’ CTL clones to IL-2 during “rest” may account fer the 
long culture time required for down-regulation of cytotoxic- 
ity. Cytotoxic activation of rested GD11.10 by IL-2 in the 
absence of antigen may be induced solely by IL-2 binding to 
the intermediate-affinity (p70) IL-2 receptor B-chain, as has 
recently been shown for natural killer cells." ^ Alternatively, 
activation to cytotoxicity may be mediated by IL-2-induced 
up-regulation of p55 IL-2 receptor." These possibilities are 
under investigation. 

We previously demonstrated that the adoptive transfer of 
CTLs expanded in vitro from draining lymph node cells of 
mice bearing PHS-5 intradermal tumors reduced the number 
of metastases in the P815 intravenous metastasis model." 
Herein we demonstrated that P815-specific CTL clones de- 
rived from tumor-bearing mice are effective in reduction of 
hepatic metastases in this model. Others have demonstrated 
that spleen cells taken from tumor-immune mice are capable 
of mediating adoptive immunotherapy of disseminated me- 
tastases.'**“ The transferred cells ultimately mediating 
this therapy are thought to be derived from memory precur- 
sor CTLs that become activated only after transfer to the 
metastasis-bearing host. Cells taken directly from spleens of 
tumor-immune mice do not kill tumor cells effectively but, 
when stimulated in culture, will develop cytotoxicity against 
autologous tumor. A model of this process using cloned cells 
would be a useful tool to study the regulation of im vitro 
activation of CTLs for potential use in adoptive transfer. 
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ce Statement 
understand the mechanisms by which adoptively transferred anti- 
gen-specific T cells may inhibit tumor growth. Hoover and her col- 


leagues have laid the foundation for this study to produce programs . 


that harvest spleen or peripheral blood cells for administration to ~ 


patierts. This technique may provide cytotoxic cells that are: more 
easily aad cheaply grown than tumor-infiltrating lymphocyte cells 
and yet have the cytotoxic capability of tumor-infiltrating lympho- 
cyte cells. Taus, Hoover and her colleagues at the Medical College of 
Virginia.may provide a means for a more practical approach to the 
clinical application of leukocyte therapy to patients. 


J. MILBURN JESSUP, MD 
Houston, Tex 
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. Mark P. Yeager, MD, Thomas A. Colacchio, MD 


* Control of colon cancer depends, in part, on intact immune 
defense mechanisms. Since opiates are known to affect some 
components of immune function, this study was conducted to 
determine the effect of high-dose subcutaneous morphine sul- 

. fate and of low-dose intrathecal morphine on the postoperative 
|. growth of metastatic colon cancer. Five groups of 15 Fischer 344 
` fats were given intraportal injections of colon cancer cells as 
follows: group 1, control; group 2, daily subcutaneous injections 
of 20-mg/kg morphine the day before and for 2 days after colon 
cancer cell inoculation; group 3, daily subcutaneous injections 
of saline; group 4, daily intrathecal injections of 20 ug of mor- 
phine; and group 5, daily intrathecal injections of saline. There 
was asignificant decrease in the hepatic tumor burden in group 2 
compared with groups 1 and 3 and a significant increase in the 
hepatic tumor burden in groups 4 and 5 compared with group 1. 
This study demonstrates that intermittent injections of a narcotic 
| ., may cecrease the growth of tumor cells that gain access to the 
|. Circulation during a surgical procedure. In addition, the results 
support the concept that tumor cells entering the circulation 
during a vulnerable period cf postoperative immunosuppression 

are more likely to survive as metastatic tumor. 

(Arch Surg. 1991;126:454-45€) 


C ontrol of colon cancer remains a high priority for the 
surgical oncologist. The mainstay of treatment for this 
disease remains surgical cytoreductive therapy aimed at 
elimination or maximum reduction of the tumor cell mass. 
Radiation therapy has been used for control of rectal carcino- 
ma while cytotoxic tnerepy and manipulation of immune func- 
tien nave been repeatedly evaluated with conflicting and 
generally unimpressive results.’ However, two types of im- 
munctherapy have demonstrated sufficient efficacy to war- 
rant eontinued investigation. Adoptive immunotherapy with 
lymphokine-activated killer eells has been evaluated in hu- 
mans as a mechanism for recuction of metastatic tumor cell 
mass. including metastatic eolon cancer. Also, use of the 
immunorestorative agent levamisole hydrochloride, in com- 
bination with fluorouracil, has been found to be effective 
adjuvant therapy for patients with stage B2 and stage C colon 
eancer." Both treatments rely on the body's own immune 
effector mechanisms for their efficacy. 
: Unfortunately, major surgery is known to cause suppres- 
. sien of cellular and humoral immune function in animals? and 

‘in humans."" Experimental data in animals demonstrate that 
: postoperative immunosuppression results in enhanced tumor 
growth if the tumer celis are present prior to surgery,” 
‘injected during a surgical procedure," or inoculated after 
Surgery during the period of postoperative immunosuppres- 
-gion.“ In humans, the question of enhanced tumor growth due 
to postsurgical immunosuppression has been raised but the 
.Supperting evidence is anecdotal. Nonetheless, the immedi- 
-ate pestoperative period is when patients have, by definition, 
minimal tumor burden and when their cancer may theoreti- 
-cally be most likely to respond to adjuvant treatment. It is 
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therefore of interest that recent clinical studies have demon- 
strated a favorable effect of some perioperative anesthetic 
techniques on the degree of postoperative immune dysfunc- 
tion"' as well as on the incidence of postoperative infec- 
tions." Given the potential importance of perioperative im- 
mune “unction in surgical patients with cancer, this study was 
conducted to evaluate the effect of two different analgesic 
techniques on the growth of metastatic colon adenoear- 
cinoma. 


SUBJECTS AND METHODS 
Animals 


Male Fischer 344 rats weighing between 225 and 250 g were used in 
this study. The animals were housed two to a eage for 7 days prior to 
treatment. They were allowed food and water as desired and kept ona 
regular cycle of alternating light and darkness. 


Tumor Cell Line 


A dimethylhydrazine-induced colon adenocarcinoma syngeneic to 
the Fissher 344 rat, was used in this study. The cells were passed once 
intraperitoneally and then kept in continuous cell culture in MEM 
Eagle'medium with Earle's salt (Gibco, Grand Island, NY) and 10% 
fetal bovine serum. 


Surgical Procedures 


Animals were anesthetized with nitrous oxide, oxygen, and halo- 
thane, which have previously been shown not to affect tumor cell 
growth.in murine models.” The abdomen was sterilized with alcohol, 
and a vertical midline incision was made. One million colon adenocar- 
cinoma cells, in a total volume of 1 mL, were injected into a large cecal 
vein through a 26-gauge needle. Bleeding was controlled with gentle 
digital »ressure for 1 to 2 minutes or, if necessary, a clip was used. 
The wound was closed with a continuous silk suture and the skin 
incisiorrwas approximated with surgical clips. The animals were then 
returned to their eages and allowed to recover. The entire procedure 
took 8 t» 12 minutes per animal. 

In two experimental groups, intrathecal (spinal) catheters were 
placed . week prior to inoculation of tumor cells. This procedure has 
been previously described.” In brief, the animals were anesthetized 
with nitrous oxide, oxygen, and halothane and then placed prone ina 
deviee that holds the head immobile in a slightly flexed position. The 
skin at the base of the skull was sterilized with povidone-iodine 
solutior and a small midline longitudinal ineision was made in the 
skin, Using blunt dissection, the incision was extended down to the 
level of :he dura where it attached to the base of the skull at the first 
cerviea. vertebra. The dura was incised with a scalpel and a length of 
polyethylene tubing was gently threaded caudally so that the tip of 
the catueter was projected to lie in the mid-lumbar region. The 
proximal end of the catheter was then brought out through a separate 
stab wound in the skin and the incision was closed using a single layer 
of nonabsorbable suture. The catheter was cut short so that the 
animal was unable to dislodge it. After this procedure the animals 
were allowed to recover in their cages for 7 days. 


Treatments 


Seventy-five animals were divided into five groups of 15 animals 
each: group 1 received no treatment other than tumor cell inoculation. 
Group £ received daily subcutaneous injections of 20-mg/kg of mor- 


phine, cn the day before and for 2 days after tumor cell inoculation. 


Group © received daily subcutaneous injections of saline in a volume 
equal te that used for the morphine injections in group 2. Group 4 
underwent intrathecal catheter placement 1 week prior to tumor cell 
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inoculation and received intrathecal injections of 20 ug of morphine in 
20 uL on the day before and for 2 days after tumor cell inoculation. 
Group 5 had intrathecal catheters placed 1 week prior to tumor cell 
inoculation and received intrathecal injections of 20 pL of normal 
saline on the day before and for 2 days after tumor cell inoculation. 


Determination of Metastatic Tumor Burden 


Three weeks after inoculation of tumor cells all animals were 
anesthetized with nitrous oxide, oxygen, and halothane and a re- 
peated laparotomy was performed. The vena cava was exposed and 
1 mL of 15% india ink solution was injected intravenously to stain the 
hepatic parenchyma.” One minute later, the animals were killed 
using cervieal dislocation and the entire liver was removed and placed 
in Feket's solution” to bleach the tumor nodules against the back- 
ground of hepatic parenchyma. An evaluation was also made of the 
presence and degree of metastatic tumor present at the incision site 
and the site of tumor cell inoculation within the peritoneum and 
within the pleural cavities. One week later, the liver was serially 
seetioned into 2.5-mm slices. Both sides of each section were photo- 
graphed next to a metric ruler using a standard photographie distance 
and technique. The largest cross-sectional diameter of each visible 
tumor nodule was measured to the nearest millimeter using ealipers 
transposed on to the photographed metric ruler. This was repeated 
for both sides of each section of liver. The total hepatic tumor burden 
was then determined by calculating the arithmetic sum of the cross- 
sectional diameters of all of the tumor nodules on both sides of each 
section. Subsequently, the tumor nodules were excised and weighed, 
as was the remainder of the hepatic parenchyma. 


Statistical Analysis 


Intergroup comparisons of the incidence of hepatie metastases 
were evalusted with logistic regression." Intergroup comparisons of 
tumor weight were performed with nonparametric analysis (Kruskal- 
Wallis." P<.05 was considered to demonstrate statistieal sig- 
nificance. 


RESULTS 


Nine animals died within 7 days of tumor cell inoculation 
(one each in groups 1 and 2, two in groups 3 and 5, and three in 
group 4). Many of the animals in groups 4 and 5 failed to gain 
weight after their initial procedure for placement of the in- 
trathecal catheters and many of them continued to lose weight 


Total Tumor Weight, mg 


0 2 4 6 8 10 12 14 16 


Total Cross-sectional Area, mm? 
The total cross-sectional area of metastatic tumor vs total tumor 
weight. 






Incidence, % (No.) 
Mean (=SD) weight, mg 


50 (7/14) 


7.4+11.6 0.3+0.9 
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Table 1.—Incidence of Tumor and Mean Weight of Tumor in Each Group 
Group 
: lec a CHI a ee eee: eee se TU) OD qux vente | 
Tumor Characteristics 1 2 3 4 5 


15 (2/14) 





after tumor cell inoculation. 
The total cross-sectional area of metastatic tumor and the 
total weight of metastatic tumor correlated closely with a 
correlation coefficient greater than .9. (Figure) The incicence 
of hepatic metastases (number of animals with one or more 
hepatic tumor nodules divided by the total number of animals 
in the group) as well as the mean weight of the metastatic 
tumor in each group are presented in Table 1. Statistical 
analysis of the intergroup comparisons is presented in Table 
2. There was no difference in either the ineidence of tumor or 
the tumor burden between the control group 1 and group 3, 
which received subcutaneous injections of saline. Greup 2 had 
a decrease in the incidence of metastatic tumor that was of 
borderline significance compared with the control group 1. 
The tumor burden in this group was significantly less than 
that in the control group 1. Groups 4 and 5 had a significant 
increase in both the incidence of tumor and the total tumor 
burden compared with the control group 1. There was no 
differenee between any of the groups with regard te the 
incidence of tumor at the inoculation site, at the surgical 
incision, or within the peritoneum and pleural cavities. 


COMMENT 


The primary findings of this study are twofold: first, inter- 
mittent subcutaneous injections of morphine before and after 
inoculation of colon cancer cells was associated with a reduc- 
tion in the incidence and quantity of metastatic tumor burden 
compared with those in control animals receiving either no 
treatment or saline injections. Second, a significant operative 
stress (intrathecal catheter placement) performed 1 week 
before colon cancer cell inoculation was associated with an 
increase in the incidence and quantity of metastatic tumor 
burden, independent of whether the catheter was subse- 
quently injected with morphine for analgesia or with saline. 

There are several potential mechanisms by which subeuta- 
neous morphine administration could affect the growth of 
metastatie tumor cells. These include an indirect effeet on 
host resistance (eg, better pain control and consequent ame- 
lioration of the stress response to surgery), an indirect effect 
on tumor cell growth (eg, an alteration in the microcirculatory 
environment that results in increased elimination of circulat- 
ing tumor cells), a direct effect on host resistance (eg, stimula- 
tion of effector cells that are required for control of tumor 
growth), or a direct effect on tumor cell growth (eg, interac- 
tion of morphine with opiate receptors on the tumor cell). We 
believe the most likely explanation for the effect that we 
observed is a direct effect of the interventions on host resis- 
tance to growth of metastatic tumor cells. 

Administration of opiates and/or opiate antagonists te ani- 
mals has been demonstrated to have significant effects on 


Table 2. — Statistical Analysis of Intergroup Comparisons 


Group Comparisons, P 







Tumor 


Characteristics 1vs2 1vs3 


3 
.08 


1vs4 


<.0001 
<,.0001 


1vs5 


<.0001 
<.0001 


2vs3 


.01 
.002 

























Incidence 
Mean weight 





69 (9/13) 
46 + 62.2 


100 (12/12) 
954 +939 


100 (13/13) 
1049+697 
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some components ef immunity, including natt 
cytotoxicity (NKCO)," ar 
growth.” We chose a dose-of morphine that has been previ- 
ously shown to suppress NKCC measured 3 heurs after mor- 
phine exposure ard to enhance the growth of tumor eells 
injected at that time." Surprisingly, the groupof animals that 
received morphine injections in our study had a reduction in 
the incidence and quantity of metastatic tumor burden. This 
result may be related to the timing of the inoculation of the 
tumcr cells relative to the morphine injections. Althcugh 
_ morphine causes ar. initial suppression of NKCC, there is a 
demenstrable rebeund increase in NKCC 24 hours after a 
bolus injection of morphine," which corresponds to the time 
when we inoculated the animals with tumor cells. We were 
able to confirm th:s rebound increase in NKOC after injec- 
tions of morphine. We found a consistent increase in NKCC 24 
hours after treating four animals with a group 2 protocol and 
comparing the results with NKCC measured in five animals 
treated with a group 3 protocol (data not shown). This expla- 
nation stresses the importance of host resistance at the time 
of tumor cell seedirg. Other studies confirm that the timing 
and duration of opiate exposure is critical regarding their 
potential effects on tumor cell growth.”*” Several murine 
models have also Cemonstrated the importance of NKCC in 
the control of tumcr growth. =” Thus, the crucial factor in the 
reduction in the :neidenee of hepatic metastases that we 
observed may well relate tc the timing of tumor cell inocula- 
tion relative to thetime of the morphine injections. 

Since spinal or epidural analgesia in humans is associated 
with improved postoperative cellular immunity, ^" experi- 
mental group 4 was designed to assess the effect of periopera- 








d 





al killer cell ^ tive spinal narcotic analg 


ad to significantly affect tumor 





gesia on the incidence and growth of 
hepatic metastases. The most likely explanation for the in- 
creased metastatic burden in both groups 4 and 5 is the 
significant immunosuppression that follows a surgical proce- 
dure for up to 2 weeks in murine models.” Injection of tumor 
cells during this period of immunosuppression consistently 
results in enhanced tumor growth compared with nonsurgical 
controls. Therefore, we inoculated groups 4 and 5 with colon 
cancer cells during the “vulnerable” period of postoperative 
immune depression and overwhelmed any potentially benefi- 
cial effect that intrathecal analgesia with morphine might 
have provided. 

In summary, bolus morphine administration to animals 
may have a significant effect on the establishment and/or 
growth of tumor cells injected into the portal venous circula- 
tion. In addition, the timing of the tumor cell inoculation, or 
“seeding,” relative to the narcotic exposure may be critically 
important in determining the effect observed. Finally, this 
study confirms the potentially deleterious effect that re- 
peated operations can have on tumor growth and emphasizes 
that tamor cells injected or seeded during a vulnerable period 
of immunosuppression are more likely to survive and grow as 
metastatic lesions. Studies are in progress to further define 
the magnitude and duration of the observed effects, their 
mechanism, and their potential relevance to the surgical pa- 
tient with cancer. 


This study was supported by a grant from the Hitchcock Foundation, Hano- 
ver, NH. 

We gratefully acknowledge the assistance of Daniel Freeman, PhD, Profes- 
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of B. Eisenberg, MD, Fox Chase Cancer Center, Philadelphia, Pa, for provid- 
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. Aggressive Resection vs Chemotherapy 


J. Christian Jensen, MD; Harvey I. Pass, MD; William F. Sindelar, MD; Jeffrey A. Norton, MD 


e In a retrospective, nonrandomized comparison of patients 
with first recurrence of adrenocortical cancer, 18 patients were 


treated with chemotherapy (primarily mitotane) and 15 patients 
-.. were treated with surgical resection plus similar chemotherapy. 
Surgical resection of recurrent adrenocortical cancer was often 
extensive, with morbidity in 20% of patients and no mortality. 
-Mitotane therapy was ineffective at controlling tumor growth. 
Median survival from the time of diagnosis for all patients was 
only 23 months and no patient was cured. Disease-free interval 
greater than 12 months was associated with prolonged survival, 
but it only occurred in six patients (18%), with a similar frequency 
in both treatment groups. Surgical resection of recurrent disease 
was associated with prolonged survival from the time of first 
recurrence. The potential benefit of this resection was evident in 
the 5 patients (33%) who were able to live greater than 5 years 
from the time of first recurrence with improvement in symptoms 
and signs of hypercortisolism. Although no patient with recur- 
rent adrenal cancer could be cured, resection of recurrent dis- 
ease was associated with a slight prolongation of survival and 

|. goodpallistion of Cushing's syndrome. 
C (Arch Surg. 1991;126:457-461) 


UA. drenocortical carcinoma (AC), though fortunately rare, 
LY. remains one of the most morbid and lethal of tumors.’ It 
eomprises between 0.05% and 0.2% of all cancers: that is, 
- approximately 2 per million in the world population. It occurs 
primarily in young children (5 years of age) and young adults, 
with a peak incidence in the fourth and fifth decades.’ In 
addition, these tumors commonly secrete high amounts of 
cortisol, and patients frequently present with Cushing's syn- 
drome. Physician recognition and diagnosis of Cushing's syn- 
drome is often delayed, because endogenous hypercortisolism 
itself is rare, the signs of hypercortisolism may occur in other 
disease processes, the changes may be subtle, and no particu- 
_. lar symptom or sign occurs in every patient." Without recogni- 
tion and proper management, Cushing's syndrome by itself 
|. results in high rates of morbidity and mortality. Untreated 
|... patients with endogenous hypercortisolism of all types have a 
c B-year survival rate of only 50%, with most deaths resulting 
- from infection or cerebrovascular disease.’ Thus, patients 
h ve two potentially lethal diseases: an aggressive, 
oplasm and the hypercortisolism produced by it. 







Because of its rapid growth, metastatic potential, and the 
insidious nature of Cushing’s syndrome, patients with AC 






often present with far advanced and/or metastatic disease. In 
fact, the weight of these tumors at initial resection is at least 
100 g and is usually 5 kg.’ Furthermore, AC recurs with grim 
frequency and usually progresses inexorably to cause the 
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Metastatie Disease in Select 
Vith Adrenocortical Carcinoma 








death of the patient.'* Besides surgical resection, there is no 
effective therapy for patients with AC. Chemotherapy has . 
relied on mitotane and experimental phase 1 agents, but . 
responses have been anecdotal, with no clear efficacy or docu- 
mentation of benefit in large groups of patients. ^ 

Another problem in the surgical treatment of these patients 
is proper intraoperative and subsequent pathologie diagnosis 
of a malignant adrenocortical tumor. Histologic criteria are 
not able to distinguish benign from malignant adrena: neo- 
plasms, and the single best criterion seems to be the weight of. 
the resected gland (7100 g is consistent with cancer). It is 
possible that inadequate operative identification or underesti- 
mation of the extent of invasion of tumor results in incomplete 
resection and inability to provide cure. Therefore, nearly . 
every patient with AC will have development of recurrent 
and/or metastatic disease.’ Following initial complete resee- 
tion, patients have recurrences of disease in the local area plus 
lymph nodes (68%) and may have development of synchronous 
or metachronous metastases to the lung (7196), liver (42%), or 
bone (26%).’ The common management question is wha: type 
of treatment to offer these patients with recurrent end/or 
metastatic disease when mitotane and other chemotherapy 
regimens have been ineffective. 

Aggressive surgery and metastatectomy is a well-accepted 
strategy.*” In addition, in patients with AC and hyperccrtiso- 
lism as in other hormone-secreting malignant tumors, resec- 
tion of all gross disease may markedly ameliorate the symp- - 
toms and signs of hormonal excess and alleviate most of the 
morbidity associated with these hormonaily functional tu- 
mors, ^? Aggressive surgical resection with varying degrees 
of suecess has been reported in the literature in small numbers 
of patients with recurrent and/or metastatic adrenal ean- 
cer. ^" However, there is scant literature describing 2 large 
cohort of patients in whom aggressive surgical resection of 
recurrent AC has been attempted. Our biasand resultsin one 
patient" have led us to attempt to aggressively resect locally 
recurrent and metastatic disease in patients with recarrent 
adrenal cancer in whom we believed preoperatively that we 
could eventually resect all identifiable disease with either a 
single or staged operative approach. We now attempt foana- . 
lyze our results in these patients by comparing them with a | 
similar cohort of patients treated with chemotherapy aione. 


PATIENTS AND METHODS 
Patient Selection 


The records of the Clinical Center of the National Institutes of - 
Health, Bethesda, Md, were searched for patients treated with a _ 
diagnosis of AC from 1965 to 1989. Some of these patients haze been x 
included in a previous report." Pathology reports, operative records, — 
and eharts were reviewed. Patients were selected for this study if — 
they presented following complete (potentially eurative) resection of 
the primary tumor and they subsequently had development either — 
localiy recurrent and/or distant metastatic disease. Patien;s were 
entered into this study at the time of initial reeurrence, the time 
presentation to our institution. Patients in both:groups had only one 
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en available. Patients treated with surgery also received chemo- 
herapy, usually mitotane. The patients were stratified by their 
eatment into surgery or nonsurgery group and analyzed for subse- 
uent surviva.. Operative complications were included in the analy- 
Sis. Follow-up was obtained on each patient directly from the chart, 
by contact with the patient's family or referring physician, or from 
‘the tumor registry in the patient’s community. 


Therapeutic Regimens 


. Thechemotherapeutie regimer: of each patient was reviewed, The 
operative history of each patient was recorded, with particular atten- 
tion to the exact procedure or procedures required to resect locally 
recurrent and/or metastatic AC. The use of postoperative chemo- 
. therapy was also recorded. The extent of the operation, including 
-resection of involved tissues, was recorded. Operations for any com- 
-> plieatiens were noted. 


Statistical Analysis 


.. Survival was caleulated for all patients from the time of initia: 
. diagnosis and first recurrence. Inan effort to evaluate comparability 
_ of surgical and chemotherapy groups, extent of disease was scored 
and analyzed by Fishers Exact Test. Disease-free interval (time 
- from initial diagnosis to time of first recurrence) was divided inte 
greater or less than 12 months and subsequent survival was analyzed 
- Independent of treatment grous. Survival curves were constructed 
by the Kaplan-Meier method and analyzed for significant differenees 
by a medification of the Kruskal-Wallis Test (Breslow Test). 


RESULTS 
Patient Characteristics and Extent of Disease 
(e Thirty-three patients with pathologically proved initial re- 
. . currence of adrenal cancer were identified for inclusion in this 
_ study. Long-term follow-up is complete on 32 of 33 patients. 









Mean 
No. of Age, y 
"Group Patients (Range) 


Chemotherapy 18 37 
(18-67) 

Surgery 15 35 

(14-60) 


Cushing's 
Female, Syndrome, 
No. (%) No. (9c) 


12 (67) 
















9 (60) 





3 Extert and stage of recurrent adrenal cancer at time of entry into the study. 


No. of | Suramin 
O78. 4 3 


Chemotherapy 18 
Jer) oo BB: 1 4 


48. 
215. 







ine patient had more than one loca! reexcision. 

Cine patient had more than ore resection of part of the inferior vena cava. 
ine patient had two separate liverresections. 

ne patient had six different pulmonary resections. 
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Table 1.—Patiert Characteristics and Extent of Recurrent Adrenocortical Carcinoma by Treatment Group* 


Median 
DFI} mo 
(Pange) 
12 (67) a3 
(0.5-43) 
13 (87) 45 
(0.8-24} 


- *There were no significant differences between surgery and chemotherapy groups by Fishers Exact Test. 
DFT indicates disease-free interval (interval from timeof initial resection to recurrent disease) in months. 








Chemotherapy Orug* 


Patients Mitotane Sodium Fluorouracil Dexorubicin Etoposide Cisplatin Aminoglutethamide _Ketoconazole 486 


tal number ct patients who were given a drug or had an operative procedure 































and 15 patients were treated with ch 

sive surgery (surgery group). The mean age of patients from 
each group was approximately 35 years and was not different 
between treatment groups (Table 1). Similarly, the percent- 
age of women, the disease-free interval, and the percentage of 
patients with Cushing’s syndrome, factors that might be 
expected to affect subsequent survival, were not different 
between the two treatment groups (Table 1). Finally, the 
extent. of disease as measured by the proportion of patients 
with local recurrence, lymph node, liver, lung, or bone disease 
at presentation of initial recurrence of AC was not different 
between the two treatment groups, and, similarly, the pro- 
portions of patients with either stage III or stage IV recur- 
rent disease were not different (Table 1). Therefore, in regard 
to impertant prognostic patient characteristics and extent of 
disease at the time of presentation with recurrent AC, the 
patients in the surgery and chemotherapy groups were 
comparable. 


Chemotherapy and Extent of Surgery 


Mitotane, either alone or in combination with other agents, 
was the most frequently used single drug in both chemothera- 
py and surgery plus chemotherapy treatment groups, with 15 
of 18 patients in the chemotherapy group and 13 of 15 patients 
in the surgery plus chemotherapy group receiving this drug 
(Table 2). A variety of other chemotherapy agents were used, 
and the proportions of each drug were again comparable in the 
two patient groups (Table 2), but agents appeared to be 
ineffective and minimal, if any, responses were seen. Anti- 
cortisol drugs were used in some patients in an attempt to 
control the symptoms and signs of Cushing’s syndrome. 
Again, the proportions of patients receiving these drugs were 
similar (Table 2). 

The 15 patients in the surgery group underwent 32 opera- 


hemotherapy and aggres- 





No. (%) of Patients With 
Disease at Site on Entry 
7^  Stage,t No. (%) 
Lymph erect eite ente 
Local Node Liver 


10 (65)  1(6 7 (39) 





















Bone iH iV 
2 (11) 8 (44) 10 (56) 


Lung 
8 (44) 



























8 (53) 1() 5(383 5(33 oO (0) 7 (46) 8 (54) 
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. Table 2.— Number of Patients Who Received a Given Drug and/or Underwent Resection of Part of an Indicated 
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tive procedures in an attempt to resect all locally recurrent 
and/or metastatic AC. The thoracoabdominal operative pro- 
cedures performed were major, potentially morbid, and life- 
threatening. Procedures included resection of part of or all of 
the involved organs, including the kidney and the inferior 
vena cava in five patients, the diaphragm in six patients, and 
part of the liver in eight patients (Table 2). In one patient, a 
right hepatic lobectomy was performed in combination with a 
partial duodenectomy, antrectomy, right colectomy, gastro- 
jejunostomy, and colostomy. In addition, 12 separate median 
sternotomies and/or thoracotomies were performed to re- 
move 68 malignant pulmonary nodules in seven patients, 
including one patient who had six different pulmonary resec- 
tions. One patient in the surgery group has been described in 
detail previously.” One patient had massive blood loss (>60 
U), and all other patients required either no blood or less than 
10 U of blood. Three patients required reoperations in the 
postoperative period. One patient underwent reoperation for 
postoperative bleeding and two underwent reoperation for 
abdominal abscess. The mean postoperative hospital stay was 
14 days. No patient died in the immediate postoperative 
period (within 60 days of surgery) and all patients were 
discharged from the hospital. 


Survival 


Overall survival for all patients in this study was only 22.8 
months from diagnosis (Fig 1). All patients except one, who is 
still alive with disease, eventually died of AC. Survival from 
the time of initial diagnosis for patients in the chemotherapy 
group was not significantly different than survival from the 
time of initial diagnosis for patients in the surgery group (Fig 
2). However, when measured from time of inclusion in this 
study and admission to our institution, that is, the time of first 
recurrence of AC, survival was significantly longer in pa- 
tients treated with chemotherapy plus aggressive surgical 
resection of recurrent disease than in patients treated with 
chemotherapy alone (Fig 3). The median survival from time of 
first recurrence was 27 months in the surgery group vs 11 
months in the chemotherapy group (P<.05). This slight pro- 
longation of survival was primarily due to five patients (33%) 
who were able to survive greater than 5 years from the time of 
first recurrence. In addition, these five patients had marked 
improvement in the signs and symptoms of Cushing’s syn- 
drome, indicating a clear benefit for this subset of the entire 
group. 

The disease-free interval, that is, the length of time from 
initial resection to first recurrence (presentation at our hospi- 
tal), was not significantly different for patients in either the 
surgery or chemotherapy groups (data not shown). This fac- 
tor, however, was an important prognostic variable in pa- 
tients with recurrent AC and was associated with a signifi- 
cantly improved overall survival when the interval was 
greater than 12 months (P<.05; Fig 4). However, only six 
(18%) of 33 patients had a disease-free interval greater than 


Organ in Each of the Two Treatment Groups 


Resection: Extent of Surgery, No. 


Inferior 
Local Kidney Vena Cava Liver Lung 
8t 5 4t 7§ 7| 
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12 months; most patients in both groups had a short disease- 
free interval and poor prognosis. The influence of surgery and 
chemotherapy in patients with long disease-free intervals 
could not be assessed, because of too few patients in each 
treatment group who had a disease-free interval greater than 
12 months. No other significant prognostic information was 
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Fig 1.—Overall survival for all patients with recurrent adrenocortical 
cancer regardless of treatment. Median survival was only 23 months 
from time of diagnosis. 


Fig 2.—Survival from the time of initial diagnosis for patients with 
recurrent adrenocortical cancer as a function of treatment group. 
Patients treated with chemotherapy alone (closed circles) appeared to 
have a shorter survival from the time of initial diagnosis than patients 
treated with surgery plus chemotherapy (open circles). However, the 
differences were not significant. 


Proportion Surviving 


Months: 
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Fig 3.— Survival from the time cf first recurrence for patients with 
recurrent adrenocortical cancer as a function of treatment group. 
Patients treated with surgery plus chemotherapy (open circles) sur- 
vived significantly longer from the time of first recurrence than patients 
treatec with chemotherapy alone (closed circles) (P = 104). 


obtained when survival was analyzed as a function of age at 
diagnosis, tumor function, sex, or combinations of these vari- 
ables (data not shown). 


COMMENT 


Although AC occurs primarily in a young healthy popula- 
tion of patients who can generally tolerate aggressive surgery 
and chemotherapy, survival of patients with an initial diagno- 
sis of AC is poor, and survival of patients with a diagnosis of 
recurrent AC is limited to months.‘ While surgical resection is 
the mainstay of treatment for patients with an initial occur- 
rence of localized AC,*" treatment options for patients with 
recurrent AC are few, and typically involve the use of mito- 
tane." This analogue of a common pesticide can cause atrophy 
and necrosis of normal adrenal tissue, and it may cause infare- 
tion of large adrenal carcinomas.” Its toxicity, however, is 
substantial and is often dose limiting. ”” While mitotane has 
been reported to be helpful? and occasionally even curative,’ 
its efficacy in larger numbers of patients has been unimpres- 
sive. ^^^^^^ Specifically, mitotane appears to be no better 
than surgery alone for the treatment of patientswith primary 
AC,” does not have any effieacy in patients with large retro- 
peritoneal disease,” and is not better than no treatment at all 
in regional cr metastatic disease.‘ Mitotane has also been 
advocated recently as an anticortisol agent and may help the 
medical management of hypercortisolism.” Therefore, be- 
cause of the absence of any effective systemie therapy, we 
have pushed surgery to the limit in an attempt to rid patients 
of recurrent AC, with the hope that adjuvant mitotane thera- 
py, as suggested by some,’ would prove effective. 

Given the high morbidity of Cushing’s syndrome in patients 
with functional AC and the grim prognosis of AC in general, 
excisien of loeally advanced recurrent and metastatic AC has 
been advocated.' This approach has been fortified by data 
showing improved survival with pulmonary metastatasec- 
tomy for other tumors, such as osteogenic and nonosteogenic 
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Fig 4.—Survival from the time of initial diagnosis of patients with 
recurrent adrenal cancer as a function of disease-free interval. Dis- 
ease-free interval is defined as the length of time from initial resection 
to recurrent disease and was arbitrarily divided into greater than or 
less than 12 months regardless of treatment group. Patients with 
recurrent adrenal cancer who had a disease-free interval greater than 
12 months (closed circles) had a longer survival from the time of initial 
diagnosis than patients who had a disease-free interval less than 12 
months (closed circles) (P = .03). 


sarcoma, "^ and improved control of the symptoms and signs 
of patients with metastatic hormonally functional tumors. "2" 
While he reported experience with resection of recurrent AC 
in the abdomen or metastatic to the lung is very limited (Table 
3),”"*" occasional patients survive in excess of 10 years, ^ 
These reports, however, are limited by their anecdotal na- 
ture, limited numbers of patients, limited long-term follow- 
up, lack of a cohort of patients with similar disease treated 
without surgery, and insufficient numbers of patients to cal- 
culate actuarial survival. The present study, therefore, is 
unusual. 

Our data emphasize the grim prognosis facing patients with 
recurrent AC. Regardless of treatment, there were no cures, 
less than 20% 5-year survival, and a median survival from the 
time of diagnosis of less than 2 years. These dismal results are 
similar to results reported in a recent series from France.” 
Despite the fact that this aggressive treatment included ex- 
tensive surgery, no patients were cured. Patients treated 
with aggressive surgery plus chemotherapy at the time of 
first recurrence, however, did survive longer than similar 
patients treated with chemotherapy alone (Fig 3). The sur- 
vival benefit was seen primarily in only one third of patients, 
who subsequently had greater than 5-year survival. In addi- 
tion, these patients were well palliated and free of symptoms 
and signs of endogenous hypercortisolism. 

The zime of first recurrence appears to be the appropriate 
time to begin the measurement of survival, because it was the 
time that these patients were first examined at our institu- 
tion. However, because the prolongation of survival by sur- 
gery was short and of limited duration, survival from the time 
of initial diagnosis was not improved (Fig 2). It appears that 
the malignant, progressive, and metastatic nature of the 
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indicates alive with disease; NA, not available; NED, no evicence of disease; and DOD, dead of disease. 


cancer itself is the major determinant of survival in patients 
with recurrent AC, because the longer disease-free interval 
(>12 months) seen in a minority of patients was associated 
with prolonged survival regardless of treatment (Fig 4). The 
discouraging aspects of this analysis were that no patient with 
recurrent adrenal cancer was cured and that the duration of 
remission and prolongation of survival induced by surgery 
was only 11 months. The occasional, long-term survivor with 

; recurrent adrenal cancer whose case was reported in the 
4. literature" " was also seen in our study as the longest survi- 
vor; this patient was alive with disease at more than 20 years 
-.- following treatment with surgery and chemotherapy. Final- 
—  ]y, mitotane by itself or in combination with other drugs did 
not appear to be effective in the treatment of these patients. 
At best, i provided a diminution in tumor growth, but few 
true responses and no cures were achieved. Although surgery 
appeared to provide only a minor benefit for these patients, it 
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was performed with 20% morbidity and no mortality. 





Sites Median Status at 

Resected (No.) Survival, y Report — 
Liver (4), : 3.5 3 AWD, 5 NED 

kidney (3), 1 DOD 

lung (3), 

diaphragm (4), 

bowel (2), 

lymph nodes (1), 

mesentery (1) E 
Retroperitoneum (3), 2.5 1 Alive, 5 dead — 

liver (1) "A 


Lung (3). 25.5 NED 


retroperitoneum (1), 

pancreas/spleen (1) 
Lung (3) (205 
Liver (1) 43 AWD 
Liver (2) 10 DOD 
Lung (NA) NA NA 


In conclusion, the cure of patients with recurrent AC re- . 
mains elusive, but aggressive surgical resection of recurrent. 
disease may improve survival of selected patients in whom it. o- 
can be performed. Disease-free interval or time to recurrent 
disease appears to be a very important prognostic variable. 
Patients with longer disease-free intervals may benefit more 
from aggressive surgical resection; however, the number of 
patients in this subgroup was too small to demonstrate à = 
significant difference. One third of patients treated with re- 
section of recurrent adrenal cancer will survive greaterthano — 
years, and these patients will be well palliated from the 
symptoms and signs of hypercortisolism. However, overall 
survival of these patients is poor despite theuse ofaggressive ^ 
reoperations to remove tumor and mitotane chemotherapy. | 
This analysis does not support the use of mitotane, and better — 
treatment regimens are needed. | 
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* Ubiquitin is involved in celi-cycle contro! and DNA replica- 
tion through a specific proteolytic pathway. Our previous studies 
. demonstrated selected higher expression of a gene encoding 
. ubiqukin-ribosomal protein S27a in poorly differentiated colon 
. carcinoma ceil lines. in this study, we evaluated this ubiquitin 
hybrid protein gene expression in surgical specimens of colon 
cancers. Northern biot analysis showed that ubiquitin hybrid 
proteir messenger RNA was cverexpressed in primary colon 
cancers compared with adjacent normal colon mucosae in 17 of 
20 patients. Dot blot analysis cf RNA of 27 tumor samples re- 
vealed significantly greater expression in higher Dukes' stage 
- primary colontumors and liver metastases. These data imply that 
_ protein translation machinery is highly activated during progres- 
. sion and metastasis of colon tumors, and that ubiquitin hybrid 
. protein may be usefulas a marker of biological-aggressiveness. 
(Arch Surg. 1991;126:462-466) 


| | biquitin is present in all eukaryotic cells and is one of the 
A most highly conserved proteins known.'^ Ubiquitin is 
involved in diverse cellular functions that include intracellu- 
lar protein degradation, the heat-shock response, transcrip- 
tional regulation, cell-cycle control, and cell-cell interaction. 
It appears that ubiquitin is essentially a marker molecule that 
rgets proteins for a variety of metabolic fates, Ubiquitin 
uples with ether proteins of cytoplasmic, nuciear, and cell 
ace receptors." The gene encoding ubiquitin is usually 
in two forms. One is a poly-ubiquitin gene: the other is a 
itin hybrid protein gene, a single ubiquitin, and one of 
* The nucleotide sequence of the first 
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human ubiquitin complementary DNA (cDN A) contained an 
extension encoding an 80-amino acid sequence.’ This exten- 
sion protein on the carboxy-terminus of ubiquitin was recent- 
ly identified as the ribosomal protein S27a."" There are about 
80 eukaryotic ribosomal proteins that are synthesized in the 
cytoplasm and transported to the nucleolus where they com- 
bine with ribosomal RNA (rRNA) to form ribosome sub- 
units. ^" While ribosomes play a major role in protein synthe- 
sis, the specific functions of many ribosomal proteins are still 
not known. The role of this novel ubiquitin hybrid protein 
gene encoding ubiquitin-ribosomal protein s27a, and the 
meaning of this novel coupling, are also not clearly defined. 
The prognosis of colorectal cancers is implied by the Dukes’ 
stage, correlating the depth of tumor penetration and lymph 
node metastasis with outcome. '** However, even within the 
same Dukes’ stage, the behavior of individual tumors is not 
predictable. A marker that could correlate with a defined 
biologic behavior such as regional recurrence, distant metas- 
tasis, etc, will be of significant value in prognostication in 
randomized trials, and for targeted therapy. To search for 
such a new marker in colon cancers with known poor progno- 
sis, a cDNA library was constructed from a poorly differenti- 
ated human colon carcinoma cell line , Clone A." We selected 
one cDNA clone encoding ubiquitin-ribosomal protein S27a 
hybrid protein from this library because it hybridized more 
with cDNAs from Clone A than with those from CX-1, a well- 
differentiated human colon carcinoma cell line. In this investi- 
gation, we evaluated the messenger RNA (mRNA) expres- 
sion of this ubiquitin hybrid protein gene in human colon 
carcinoma and correlated with clinical information. The possi- 
bility of this protein as a marker of tumor progression and 


biological aggressiveness is discussed. . 
MATERIALS AND METHODS __ 
Identification of cDNA Clone E 


A cDNA library was construeted in plasmid pBR322 using 
poly(A)" mRNA isolated from Clone A." A total of 1500 eolonies was 


screened by hybridization with cDNAs generated from Clone A or 


from CX-1. Ten eDNA clones were selected because they hybridized 
to a greater degree with cDNAs from Clone A than with those from 
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.M.W., K.M., H. Yow, PhD, et al, unpublished data, 
ed a sequence identical to that of the human ubiquitin 
ported by Lund et al.” This reported human ubiquitin 
uence contained an extension of 80 amino acids on the 





lerton, Calif). 


Northern Blot Hybridization and RNA 
Dot Blot Hybridization 


Northern blot hybridization was performed to compare the ubiqui- 
tin hybrid protein mRNA expression in colon carcinoma and adjacent 
normal colonie mucosa. Equal amounts (15 pg) of total cellular RNA 
extracted from 13 paired tumor and normal mucosa, or equal amounts 
(10 pg) of total RNA extracted from two sets of primary tumor, liver 

; metastasis, and normal colonic mucosa of the same patient were 
|. loaded onto the lanes of 1.0% agarose-formaldehyde gels and electro- 
.:  phoresed overnight. The RNAs in the gels were transferred to nylon 
membranes (GeneScreenPlus, Dupont, Boston, Mass)" Dot blot 
— analysis of RNA was performed to compare all the expression of the 
-ubiquitin hybrid protein gene in tumors with each other at the same 
-time. Equal amounts (10 pg) of denatured total cellular RNA from 19 
primary colon tumors and eight colon metastatic tumors to the liver 
were directly blotted onto a nylon membrane. 

The cDNA insert was labeled with phosphorus 32 by Nick transla- 
tion or the random primer method and used to hybridize blots on the 
membranes. Specific activities of the DNA probes were about 2 x 10° 
to 5x 10° cpm/pg of DNA. After overnight hybridization at 42°C, 
followed by washing, the membranes were exposed to x-ray films 
(Kodak X-OMAT AR) at ~70°C. Hybridization signals on the films 
were quantitated with a densitometer (LKB UltroSean XL En- 
hanced Laser Densitometer, LKB Produkter AB, Bromma, Sweden) 
and analyzed with a computer using a software package (LKB2400 

" . GelSean XL, LKB Produkter AB, Bromma, Sweden). Each expres- 

sion of the blots was quantitated as the integrated area under the 

< gurve. Using this value of the area under the curve, the tumor-normal 
.. ratio of the mRNA expression was calculated. 

After the membranes were washed, they were used for another 


p hybridization with actin probe" as the internal control. 





Clinicopathologic Information 


Age, sex, tumor location, histologic features, tumor size, and 
pathologiedata relating to depth of invasion, lymph node metastases, 
and liver metastases were obtained from the hospital records of the 
patients. The study echort for Northern blot analysis of surgical 
specimens from 18 patients with primary colon carcinoma consisted of 
eight men and 10 women. The mean age of the patients was 67 years 
(range, 54 to 82 years). The distribution of primary colon tumors was 


as follows: cecum, seven; ascending colon, two; descending colon, 
two, sig 











eid colon, five; and rectum, two. Histologically, 17 tumors 
ed as moderately differentiated adenocarcinoma. There 
well-differentiated tumor. The Dukes staging ef prima- 
as: Dukes’ A, four; B, six; C; five; and D, three. 

blot analysis of surgieal specimens from two patients 
rimary and metastatic cancer was also performed. Both 
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lar cloning and complete sequencing revealed that one —— patients were men, 41 and 77 years of age. Primary tumors we 


located in rectum and ascending colon. Histologically, both primary 
and metastatic tumors were all moderately differentiated 
adenocarcinoma. 2 

The study cohort for Northern blot analysis of surgical specimens _ 
from seven patients with liver metastases originating from colon . 
carcinoma consisted of two men and five women. The mean age was. 
66 years (range, 54 to 74 years) Histologically, six tumors were . 
classified as moderately differentiated adenocarcinoma. Another was | 
unknown. 

The study cohort for RNA dot blot analysis consisted of 10 men and . 
17 women. The mean age of the patients was 65 years (range, 4€ to 82. 
years). There were 19 primary colon carcinomas and eight metastatic 
colon tumors to the liver. The distribution of primary colon tumors- 
was as follows: cecum, six; ascending colon, one; descending eolon, - 
three; sigmoid colon, seven; and rectum, two. Histological y, 18. 
primary tumors were classified as moderately differentiated adeno- 
carcinoma, and one was a well-differentiated primary tumor. Seven 
of eight metastatic tumors were classified as moderately differenti- 
ated adenocarcinoma. Another was unknown. The Dukes staging of 
primary tumors was as follows: Dukes’ A, five; B, seven; C, five; and — 
D, two. E 


Statistical Analysis 


Mean and SD were calculated for the expression value (area ander ` - 
the curve) and the tumor-normal ratio of the expression. To examine 


the trend toward higher expression in the higher Dukes stage, 
general linear model procedure (analysis of covariance) was used. 


RESULTS 
Northern Blot Analysis 


Northern blot analysis showed that this 0.6-kilobase ubi- 
quitin hybrid protein mRNA was overexpressed in primary 
colon cancer compared with matched-pair normal colon muco- — 
sa counterparts in 15 of 18 patients (tumor-normal ratio great- 
er than 1.2) (Fig 1, left) The tumor-normal ratio o? this . 
ubiquitin hybrid protein mRNA expression was higher in . 
more advanced Dukes stage tumors (P = .05); means ( SDs) _ 
of tumor-normal ratios were as follows: Dukes’ A, 1.18—0.44 


(n=4); Dukes’ B, 2.02+0.80 (n=6); Dukes’ C, 1.74=1.00 — 


(n=5); Dukes’ D, 3.58+0.75 (n=3) (Fig 1, right). As the 
control, Northern blot hybridization with actin probe was _ 
performed. The mean + SD of tumor-to-normal ratio of actin - 
mRNA expression was 0.95+0.25 (range, 0.60 to 1,47). . 
There was no correlation between tumor-to-normal ratio of — 
actin mRNA expression and Dukes’ stage. 

Analysis of matched pairs of tissues (normal colon mucosa, _ 
primary colon cancer, and liver metastasis) in two patients — 
provided an opportunity to compare the levels of ubiquitin 
hybrid protein mRNA expression without the confounding . 
interpatient variability. Both primary and metastatic colon 
tumors showed higher levels of mRNA thandid normal zolon- 
ic mucosa in these two patients (Fig 2, left). No significant - 
differences were observed in the mRNA levels between the > 
primary tumors and their respective liver metastases. In- 
cluding these two cases, ubiquitin hybrid protein mRNA was 
overexpressed in colon carcinoma compared with adjacent 
normal colon mucosa in 17 (85%) of 20 patients. 

A comparison was made between the liver metastases and 
the adjoining normal liver with respect to ubiquitin hybrid 
protein mRNA levels in seven patient samples. A 2.5- to 
17-fold higher expression in liver metastases was observed 
(Fig 2, right). | 

RNA Dot Blot Analysis . 

To quantitate the expression of this 0.6-kilobase ubiquitin 
hybrid protein mRNA and correlate with Dukes staging of 
the colorectal cancers, RNA dot blot analysis was performed 
on total cellular RNA extracted from primary colon tamors 
and liver metastases from primary colorectal cancers. Dot 
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Fig 1.—Left, Northern blot analysis of ubiquitin hybrid protein mRNA expression (Ubi-S27a)(0.6 kilobase) in primary colon 
carcinoma (T) and adjacent normal mucosa (N). The expresson of this mRNA was higher in T than in N in these 
representative five of 18 paired samples. Actin mRNA expression (2.2 kilobase) is shown as control. Right, The correlation 
between tumor-to-normal ratio of ubiquitin hybrid protein mRNA expression and Dukes' staging. The higher tumor-to- 


normal ratio was shown in the higher Dukes’ stage patients. 
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Fic 2.— Left, Ubiquitin hybrid protein mRNA expression in primary tumor (T), adjacent normal colonic mucosa (N), and liver 
metastasis (M) from the same patient. Right, Ubiquitin hybrid protein mRNA expression in metastatic colon carcinoma to 


liver (M) and adjacent normal liver (NL). 


blot analysis of RNA of 18 primary colon tumors and eight 
colon tumors metastatic to the liver indicated a statistically 
significant trend of higher ubiquitin hybrid protein mRNA 
expression with increasing Dukes' stage of the primary tu- 
mors (P—.04) The highest expression of ubiquitin hybrid 
protein mRNA was observed in primary tumors with syn- 
chronous liver metastasis and in metastatic tumors to the 
liver (P —.001) (Fig 3, top). The means + SDs of the mRNA 
expression in primary tumors were as follows: Dukes' A, 
1.97 +1.41 (n-5); Dukes’ B, 1.57 1.04 (n- 7); Dukes’ C, 
2.84 + 0.94 (n = 5); Dukes’ D, 4.62 + 0.78 (n = 2); and liver me- 
tastasis, 4.02 + 1.79 (n 8) (Fig 3, middle). 

Actin expression showed no correlation with Dukes’ stag- 
ing in the primary colorectal tumors and liver metastases (Fig 
3, bottom); means + SDs of the expression were as follows: 
Dukes A, 4.50+1.27 (n=5); Dukes’ B, 4.66 —1.15 (n=7); 
Dukes C, 5.12 + 1.14 (n — 5); Dukes’ D, 6.08 + 0.19 (n = 2); and 
liver metastasis, 4.51 + 1.21 (n — 8). There was also no correla- 
tion between actin and ubiquitin hybrid protein expression. 
These data showed that the variation in ubiquitin hybrid 
protein mRNA expression was not due to loading amount. 

There was no correlation of the ubiquitin hybrid protein 
mENA expression with age, sex, tumor location, or tumor 
size. Since almost all of the tumors were moderately differen- 
tiated adenocarcinomas, no valid conclusion regarding tumor 
differentiation and the ubiquitin hybrid protein mRNA ex- 
pression eould be made. 


COMMENT 


The role of the novel gene arrangement between ubiquitin 
necessary for degrading aberrant proteins and ribosomal pro- 
teins, a majer source of aberrant proteins, has not been 
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clearly defined. It has been suggested that these ubiquitin- 
ribosomal proteins may play a regulatory role in cell growth 
because this ubiquitin hybrid protein gene was cleaved.” This 
association also promotes their incorporation into nascent 
ribosomes and is required for efficient ribosome biogenesis." 
Redman and Rechsteiner" proposed that the fusion gene 
provided a mechanism to maintain a fixed ratio between 
ubiquitin and ribosomes. It was indicated that seven ribosom- 
al proteins served as a translational repressor in Escherichia 
coli, and ribosomal protein synthesis is precisely balanced by 
this kind of regulation mechanism." Thus, the ribosomal pro- 
tein S27a could regulate its own translation and that of ubiqui- 
tin by binding to ribosomes and its own mRNA. Such regula- 
tion could be an important role, in growth and differentiation. 
This ubiquitin hybrid protein gene, ubiquitin-ribosomal pro- 
tein S27a, could play an important role especially in cancer 
growth and differentiation. 

Proto-oncogenes appear to be involved in the control of 
cellular proliferation, development, and differentiation.?^ 
The expression of proto-oncogenes like fos, myc, and jun, also 
called “immediate early genes," encodes nuclear proteins, 
which may act as direct activators of transcription, or indirect 
regulators, which combine with other protein factors to regu- 
late transcription." By serum stimulation assays, this ubi- 
quitin hybrid protein also appeared to be an early-response 
gene like some proto-oncogenes, c-fos and c-jun (J.M.W., 
K.M., H. Yow, PhD, et al, unpublished data, 1991). The 
regulatory mechanism in controlling early G1 phase gene 
expression may play an important role in pathogenesis of 
colon carcinoma, and hence it is not coincidental that ubiquitin 
hybrid protein gene is overexpressed. 

In this investigation, we indicated that this ubiquitin hy- 
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Fig 3.— Top. Dot blot analysis of ubiquitin hybrid protein mRNA ex- 
pression in colon carcinoma. The higher expression was shown in the 
higher Dukes’ stage tumors or liver metastases. Middle, Dot blot 
analysis of ubiquitin hybrid protein mRNA expression: the correlation 
between ubiquitin hybrid protein expression and Dukes staging. The 
higher expression was shown in the higher Dukes stage tumors and 
liver metastases. Bottom, Dot blot analysis of actin mRNA expression 
in colon carcinoma. There was no correlation between actin mRNA 
expression and Dukes staging. 


brid genemRNA expression is higher in human colon carcino- 
ma than in adjacent normal mucosa. This suggests that pro- 
tein synthesis and proteolysis are highly activated in colon 
cancer, and that these ribosomes may sometimes serve as 
sites for synthesis of aberrant abnormal proteins in earcino- 
ma. Thus, this ubiquitin hybrid protein gene expression 
might be a nonspecific marker of tumor proliferation. Chester 


et alë showed overexpression of the ribosomal protein L31 
mRNA in colorectal tumors and suggested that this may be a 
consistent feature of neoplastie growth of the colonie mucosa. 
While specific functions for many ribosomal proteins are not 
known, a role in growth regulation has been indicated for 
ribosomal protein S6, which is phosphorylated in response to 
various growth factors." Furthermore, polyubiquitin gene 
and some ribosomal protein genes, including 86," were picked 
up as the tumor-related protein genes from a cDNA library 
copied from mRNA of colon carcinoma specimens (R J.S., 
K.M., M.L.L., G.D.S., L.B.C., unpublished data, 1990). The 
mechanistic implications of such altered gene regulation in 
colon eancer remains to be elucidated. 

Vogelstein et al*" have clearly elucidated allelctypie 
changes, ras gene mutations, and changes in tumor suppres- 
sor genes during the evolution of human colon cancer from 
normal mucosa through polyp formation. Their studies have 
yet to distinguish the molecular changes that are involved in 
the progression of colon transformation from early cancer 
(Dukes A) to invasive and metastatic phenotype. We found 
that this ubiquitin hybrid protein mRNA expression was 
correlated with Dukes’ staging. This mRNA expression was 
increased especially in Dukes’ D tumors and metastatic tu- 
mors. This suggested that translational machinery in tumor is 
highly activated during progression and metastasis and that 
this particular ubiquitin hybrid protein may be a useful mark- 
er of human colonic tumor progression and biological aggres- 
siveness. While the major function of ubiquitin is to mark 
proteins destined for selective elimination, an alternative role 
is to modulate protein function in the cell by joining with its 
acceptor protein.” Among in vivo acceptors of ubiquitin are 
growth factor receptors." We postulate that a selective 
expression of this ubiquitin hybrid protein mRNA may modu- 
late the growth factors necessary for tumor progression in 
colorectal carcinoma. Ubiquitination of cell surface molecules 
has been postulated to play a role in facilitating lymphocyte 
homing to specific secondary lymphoid organs, the so-ealled 
lymphocyte homing receptor." Such cell surface ubiquitina- 
tion may play a role in colorectal tumor cells in progression 
and metastasis to specific organs such as liver or regional 
lymph nodes. 

We have done other Northern blot analyses using the same 
samples and different probes, such as c-myc, c-H-ras, ¢-fos, 
epidermal growth factor-receptor, laminin-binding protein,” 
and carcinoembryonic antigen. However, nothing was over- 
expressed more constantly in tumors than this gene (K.M., 
G.D.S., L.B.C., unpublished data, 1989). At this early point 
in the study, we cannot conclude whether this ubiquitin hy- 
brid protein is also a differentiation marker. From sequencing 
data we will be able to raise antibodies against this ubiquitin 
hybrid protein. Such studies will enable us to evaluate the 
expression of this gene product in tumor cells from archival 
specimens and correlate the data with survival statisties to 
postulate its role as a marker of poor prognosis. 

This study was supported by grant P01-CA 44704-02 from the National 
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We thank Hsiukang Yow, PhD, for kindly providing this cDNA clone, 
B. Spiegelman, MD, for providing the actin probe, Philip Laven, PhD. for his 
help ir. statistical analysis of data, and Sharon Selman for the coordination of 
surgical specimens. 


References 


1. Goldstein G, Sheid M, Hammeriing U, Boyse EA, Schlesinger DH, Niall 
HD. Isolatien of a polypeptide that has lymphocyte-differentiating properties 
and is probably represented universally in living cells. Proc Natl Acad Sci 
U S A. 1975;72:11-15. 

2. Ciechanover A, Finley D, Varshanovsky A. The ubiquitin-mediated pro- 
teolytic pathway mechanisms of energy-dependent intracellular protein degra- 


Arch Surg — Vol 126, April 1991 


dation. J Cell Biochem. 1984;24:27-53. 

3. Finley D, Varshavsky A. The ubiquitin system: functions and mecha- 
nisms. Trends Biochem Sci. 1985;10:343-346. 

4. Busch H, Goldknopf I. Ubiquitin-protein conjugates. Mol Cell Bsochem. 
1981;49:173-187. 

5. Wu RS, Kohn KW, Bonner WM. Metabolism of ubiquitinated histones. 


Ubiquitin Hybrid Protein—Mafune etal 465 


















- analysis of a cDNA eneocing human: 
. Sized as a precursor. J Biol Chem. 1985;260:7609-7618, 


466 Arch Surg — Vol 126, Apr 


J Biol Chem. 1981;256:5616-5929 
6. Siegelman M, Bond M n. WM, i AA 
cyte homing is a ubiquitinated branched-chain glyco- 







iang W, et al. Structure of the recepter for 
vate growth “actor helps define a family of closely related growth 
factorreceptors. Nature. 1986,223:226-232. 

8. Warner JR. A marriage of convenience or necessity? Nature. 






. 4989-838-379, 


9. Lund PK. Moats-Staats BM, Simmons JG, et al. Nucleotides sequence 
-ing human ubiquitin reveals that ubiquitin is synthe- 


10. Redman KL, Reehsteiner M. Extended reading frame of a ubiquitin 
gene encodes a stable, conserved, basic protein. J Biol Chem. 1988;263:1926- 
4631. 

11. Redman KL, Rechsteiner M. identification of the long ubiquitin exten- 
sion as ribosomal protein S27a. Nature. 1989,338:438-440. 

12. Wool IG. The structure and fimetion of eukaryotic ribosomes, Anna Rev 
Biochem. 1919:48:719-754. 

13. Mager WH. Control of ribosomal protein gene expression. Biochim 
Biophys Acta. 1988;949:1-15, | 

14. Dukes CE. The classification of cancer of the rectum. J Pathol Bacteriol. 
1932:35:323-332. 

15. Astler UB, Collar FA. The prognostic significance of direct extension of 
carcinoma of the colon and rectum. As» Surg. 1954;199:846:851. 

16. Yow H, Wong JM, Chen HS, Lee C, Steele GD Jr, Chen LB. Increased 
mRNA expression of a iaminir-binding protein in human colon carcinoma: 
complete sequence of a fuil length cDNA encoding the protein. Proc Natl Acad 
Sci U 3 A. 1988:85:6394-6398. 

17. Chirgwia JM, Przybyla AE, MacDonald RJ, Rutter WJ. Isolation of 
biologically active ribenueleic acid from sources enriched in ribonuclease. Biv- 
chemistry, 1910; 18:5294-E299, 

18. Seed B. Attachment of neucleic acids to nitrocellulose and diazorium- 
substituted supports. Genet Eng. 1982;4:91-102. 

19. Spiegelman BM, Frank M, Green H. Molecular cloning of mRNA from 
3T3 adipocytes: regulaticn of mRNA content for glycerophosphate dehydro- 
genase and other differentiation-dependent proteins duringadipocyte develop- 
ment. J Biol Chem. 1988:258:10 083-10 089. 

20. Finley D. Bartel B. Varshavsky A. The tails of ubiquitin precursors are 
ribosomal proteins whose fusion to ubiquitin facilitates ribosome biogenesis. 
Nature, 1989;388:394-401. 

21. Nomura M, Gourse R, Banghman G. Regulation of &ynthesis of ribo- 
somes and ribosomal components. Annu Rev Biochem. 1984:53:75-117. 

22. Land H, Parada LF, Weinberg RA. Cellular oncogenes and multistep 
carcinegenesis. Science. 1983:222:771-778. 

29. Weinberg RA. The action of oncogenes in the cytoplasm and nucieus. 
Science. 1985;230:7 170-776. 

24. Greenberg ME, Ziff EB. Stimulation of 313 cells induees transcription of 
the c-fos protooncogene. Nature. 1984:311:433-438. 

25. &ruijer W, Cooper JA, Hunter T, Verma IM. Platelet-derived growth 


ARCHIVES OF GENERAL PSYCHIATRY 
Psychiatric Diagnoses of Treatment-Seeking Cocaine Abusers 
Bruce J, Rounsaville, MD; Susan Foley Anton, PhD; Kathleen Carroll, PhD: Douglas Budde, MD; 
Brigitte A. Prusoff, PhD; Frank Gawin, MD 


3 991:48:43-51), 


factor induces rapid but transient exp 


tin WM, et al. Cell surface nideede ^^ Nature. 1984;312:711-716. | 














wo 


ression of the c-fos 








.26. Muller R, Bravo B, Burckhardt, Curra T. Induetion of c-fos gene and 
protein by growth factors precedes activation of e-mye. Nature. 1984;312:716- 


27, Lau LF, Nathans D. Expression of a set of growth-related immediate 
early genes in BALB/c 313 cells: coord inate regulation with c-fos and c-myc. 
Proc Natl Acad Sei U S A. 1987;84: 1182-1186. E 

28. Lamph WW, Wamsley P, Sassone-Corsi P, Verma IM. Induction of 
proto-oncogene jun/AP-1 by serum and TPA. Nature. 1988;334:629-631. 
` 29. Distal RJ, Ro HS, Rosen BS, Groves DL, Spiegelman BM. Nucleopro- 
tein complexes that regulate gene expression in adipocyte differentiation: 
direct participation of c-fos, Cell. 1987;49:835-844. a 

30. Bohmann D, Bos TJ, Admon A, Nishimura T, Vogt PK, Tjian R. Human 


proto-oncogene c-jun encodes a DNA-binding protein with structural and 





functional properties of transcription factor AP-1. Science. 1987,238:1386-1392. 


31. Onclereq R, Gilardi P, Lavenu A, Cremisi C. c-myc products trans- 
activate the adenovirus E4 promoter in EC stem cells by using the same target 


sequence as ELA produets. J Virol. 1988:62:4583-4537. 


32. Sassone-Corsi P, Lamph WW, Kamps M, Verma M. fos-associated 
cellular p39 is related te nuclear transcription factor AP-1. Cell. 1988;54:553- 
ie | 


33. Angel P, Allegretto E, Okino S, et al. Oncogene jun encodes a sequence 
specific transactivator similar to AP-1. Nature. 1988:332:166-171. 

34. Franza BR, Rauscher FJ ITI, Josephs SF, Curran T. The fos complex 
and fos related antigens recognize sequence elements that contain AP-1 binding 
sites. Science. 1988;239:1150-1153. 

35. Chester KA, Robson L, Begent RHJ, et al. Identification of a human 
ribosomal protein mRNA with increased expression in colorectal tumours. 
BBA. 1389;1009:297-300. 

36. Thomas G, Martin-Perez J, Siegmann M, Otte AM. The effect of serum, 
EGF, PGF2a and insulin on S6 phosphorylation and initiation of protein and 
DNA synthesis, Cell. 1982:80:235-242. 

37. Staniunas RJ, Mafune K, Lu M, Chen LB, Steele GD Jr. Increased 
expression of ribosomal protein S6 in human colon cancer. Surg Forum. 
1990:41:457-459. 

38. Vogelstein B, Fearon ER, Hamilton SR, et al. Genetic alterations during 
colorectal-tumor development. N Engl J Med. 1988:319:525-532. 

39. Vogelstein B, Fearon ER, Kern SE, et al. Allelotype of colorectal 
carcinomas. Science. 1989;244:207-211. 

40. Baker SJ, Fearon ER, Nigro JM, et al. Chromosome 17 deletions and p53 
gene mutations in colorectal carcinoma. Science. 1989:244:217-221. 

4l. Leung DW, Speneer SA, Cachianes G, et al. Growth hormone receptor 
and serum binding protein: purification, cloning and expression. Nature. 
1987,330:531-543. 

42. Mafune K, Ravikumar TS, Wong JM, Yow H, Chen LB, Steele GD Jr. 
Expression of a Mr 32,000 laminin-binding protein messenger RNA in human 
colon carcinoma correlates with disease progression. Cancer Res. 
1990,50:3888-3891. 


In Other AMA Journals 


Reprint requests to Substance Abuse Treatment Unit, 27 Sylvan Ave, New Haven, CT 06519 (Dr Rounsaville), 





Ubiquitin Hybrid Protein—Mafune et al 
































Tumor Cells 





Dilipkumar Parekh, MD; Jin Ishizuka, MD; Courtney M. Townsend, Jr, MD; Bernard E. Haber, PhD; R. Daniel Beauchamp, MD; 
Srinivasan Rajaraman, MD; George Karp; Jell Hsieh, MS; James C. Thompson, MD 


coo @ Advan æd gastrointestinal endocrine tumors respond poor- 
ws E to conventional chemotherapy. In this study we examined the 
: effects of two agents that promote cellular differentiation, sodi- 





growth and secretory responses of a human pancreatic carci- 
noid (BON) and human gastrinoma (PT-2 and PT-SM) cell lines 
that have been established in our laboratory. We found that both 

n butyrate and hexamethylene bisacetamide strongly in- 
hibited oo. of BON, PT-2, and PT-SM ncen. With continuous 
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id Hexamethylene Bisacetamide on Growth. 
and Secretion of Cultured Human Endocrine - 





density to 37% that of controls in BON cells and prolonged the 
doubling time, from 60 hours to 103 hours. Antiproliferative ef- — 
fects of similar magnitudes were observed in the gastrinoma cell 
lines. In contrast, differential effects were produced on amine _ 
biosynthesis in BON celis; sodium butyrate stimulated levels of 
5-hydroxytryptamine in the cells, whereas hexamethylene bis- 
acetamide caused a profound dose-dependent inhibition of 
amine biosynthesis. The sigificant antiproliferative activity of 
sodium butyrate and hexamethylene bisacetamide and the in- 
hibitory effects of hexamethylene bisacetamide on amine bio- 
synthesis warrant evaluation of these agents or analogues for 
treatment of metastatic carcinoid and gastrinoma. 
(Arch Surg. 1991;126:467-472) 


Current therapy for advanced metastatic gastrinoma à 
unsatisfactory. Chemotherapeutic agents have limited effi 
cy, and resective liver procedures are often not pa 
because of multiple metastases in both lobes of the 
Streptozocin i is the single most effective ehemotherapeu 
agent; however, significant clinical responses to this a 
range only between 20% and 30% for metastatic endoeri 
tumors.” : 

There is a need for alternative therapeutic approaches i 
patients with gastrointestinal endocrine tumors. Agents u 
promote differentiation have attracted interest in rece 
years as alternatives to eytotoxie chemotherapy. » Signi ea 
inhibition of tumor growth and conversicn to a differenti 
state have been demonstrated for several solid tumors a 
hematologie malignant neoplasms treated with sodium bu 
rate and hexamethylene bisacetamide*’; both agents are 
phase I clinical trials.** There are no reported studies on t 
effects of these agents on human gastrointestinal end r 
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€ effects of sodium butyrate and hexameth- 
de on the in vitro growth and secretory 
| res] nique cell lines of human gastrointestinal 
_ endocrine tumor cel) lines we have established in tissue cul- 
. ture in our laboratory: a carcinoid tumor (BON)? and gastrin- 
. ema (PT-2 and PT-SM)." 


MATERIALS AND METHODS 
Cell Lines and Culture Conditions 


The BON and PT-SM cells were grown in Dulbeccos modified 
Eagle's medium supplemented with 10% fetal calf:serum (v/v. The 
PT-Z cells were grown in Dulbecco's modified Eagle's medium, mini- 
mal essential medium, and Cpti-modified Eagles medium (v/v) 
(Gibeo, Grand Island, NY) supplemented with 10% fetal calf serum. 
Cells were cultured as mcnolayer stock cultures at 37°C in a humidi- 
fied atmosphere containing 95% oxygen and 5% carbon dioxide. 

Fer h studies, exponentially growing celis were plated in 
.35-mm' dishes. Test agents were added at the time cf plating and then 
removed at various time intervals, as deseribed in the figure legends. 
Cells were counted daily by a Coulter counter, and cell numbers were 
plotted on semilog graph paper to determine the doubling time and 
the saturaticn density. The doubling time is the time required for the 
cell population to doable in number; the saturation density is the 
number of cells present at the onset of the plateau phase of growth. 

Te determine cellular amine levels, 5 x 10° cells were plated in 35- 
mm" dishes. ‘The cells were incubated for 48 hours, after which the 
medium was removed and the cells were washed two times for 1 
minute with preoxygenated Krebs-Ringer solution containing giu- 
cose {2.5 mmol/L). Cells were frozen after washing and maintained at 
~ 70°C until assay. Growth studies were performed at least twice, 
and studies on cellular amine levels were performed at least three 
[o times. In a single experiment we also examined the effects of sodium 
-o butyrate. Fer each experiment there were three to five dishes. 
Representative data are illustrated. All the chemicals were pur- 
chased from Sigma Chemicals (St Louis, Mo). 


Determinations of 5-Hydroxytryptophan, 
5-Hydroxytryptamine, and 
5-Hydroxyindoleacetic Acid 


Amine levels were cuantitated by high-pressure liquid chromatog- 
raphy coupled with electrochemical detection. We used a multielec- 
trode electrochemical detector (ESA Corp, Bedford, Mass), a Beck- 

S man (Palo Alto, Calif) 114 M pump, a Rheodyne (Deerfield, LD 
E injector with a 50-1 loop, and an Alltech (Deerfield, Ill) abscrbo- 
sphere HS C18 150-mm direct-eonnect cartridge with 3-tum particles. 
The mobile phase consists of citric acid (0.08 mol/L), phosphoric acid 
(0.02 mol/L), sodium ioetanesulfonate (0.25 mmol/L), ethylenedia- 
minetetraacetic acid (0.1 mmol/L), triethylamine (0.25 mmol/L), and 
acetonitrile (6%), The mobile phase was filtered under vacuum, and 
the pH was adjusted to 2.5 for maximum separation of all compounds. 
The flow rate was 1.4 mL per minute, and settings were 200 mV fer 
the No. 1 electrode, 650 mV for the No. 2 electrode . and 950 mV fer 
the guard celi. For cell analysis, cells were seraped:off plates in the 
. 400-L mobil phase, after which they were sonicated for 10 seconds, 
, and an aliquot of this sonicate was taken for protein determination. 
The homogenate was then centrifuged at 4°C and 12000g for 15 
inutes. The supernatant (5 to 56 mL) was then injected directly ento 



























Electron Microscopy 


or transmission electron microscopy, 1 x 10° cells were cultured 

ipore filters (Millipore, Bedford, Mass) for48 heurs. At theend 
ours, the filters were fixed in half-strength Karnovsky’s fixa- 
* to 6 hours, postfixed in osmium tetroxide (1%), and embed- 
epoxy resin. Seetions 70 nm thick were cut vertically through 
le filter, stained with uranyl acetate and Reynold's lead citrate, and 
examined with a Phillips 410 electron mieroscope (Phillips Medical 
Systems Ine, Shelton; Conn). 


: i Measurement of Amino Acid Decarboxylase Activity 











_ Amino acid decarboxylase activity was measured according to- the 
. metheds of MeCaman and colleagues" using [^C]-levodopa as a sub- 
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e present study were, therefore, 








strate. The reaction was carried out at 87°C for 30 minutes in an 
incubation buffer with 0. 1-mmol/L pyridoxal 5-phosphate, with 10 pL 
of BCN cell extract added to the incubation medium, Kidney tissue 
was used as a positive control. 


Statistical Analysis 


All statistical comparisons were made using analysis of variance, 
and P—,05 was considered significant. 


RESULTS 
Effects on Growth 


Sodium butyrate and hexamethylene bisacetamide inhib- 
ited che growth of BON, PT-SM, and PT-2 cell lines. The 
grow:h-inhibiting effects of sodium butyrate were not influ- 
encec by the time at which the agent was added after plating 
to BON cells; however, in PT-SM cells, addition at 48 hours 
led tc significantly less growth inhibition than at other times 
(Fig 1). Removal of sodium butyrate at day 2 led to rapid 
reversal of the inhibitory effects on growth of BON (Fig 2, 
left) and PT-SM (data not shown) cells. In contrast, later 
removal, at 4 and 7 days in BON cells (Fig 2) and at 4 days in 
PT-SÀ cells (data not shown), was associated with irrevers- 
ible growth inhibition, and the SD at 4 days was significantly 
less taan control values (Fig 2). Removal of hexamethylene 
bisacetamide (at 2 days in PT-SM cells and at 4 days in BON 
cells) (Fig 3) was associated with irreversible growth inhibi- 
tion in BON and PT-SM cells. 


Cell Morphologic Characteristics 


Under phase contrast microscopy, there was elongation 
and flattening of the cells with extension of cellular processes 
in both BON and PT-2 cells treated with sodium butyrate; 
hexaraethylene bisacetamide did not alter cellular morpholo- 
gic enaracteristies. Dense-core neurosecretory granules 
were found by electron microscopy of PT-2 cells (Fig 4); 
PT-SM cells do not possess dense-core granules. 


Effects on Secretion 


Sodium butyrate significantly increased the levels of both 
9-hyd-oxytryptamine and amino acid decarboxylase activity 
in BON cells after a 48-hour incubation (F ig 5). There was also 
a sign-ficant reduction in intracellular tryptophan levels (Fig 
5). Conversely, hexamethylene bisacetamide produced a 
dose-dependent decrease in 5-hydroxytryptophan and 5-hy- 
droxy:ryptamine levels in BON cells after each treatment for 
48 hours (Fig 6). 

Tissue culture cell line PT-SM is derived from a nonfunc- 
tioninz spontaneous metastasis of a human gastrinoma xeno- 
graft. Tissue culture cell line PT-2 is derived from a function- 
ing human gastrinoma xenograft that has maintained 
morphologic characteristics of an endocrine cell during long- 
term eulture (Fig 4). We have, however, found there was a 
progressive decrease in gastrin release into the medium from 
PT-2 cells during long-term culture (over a 2-year period) (Fig 
4). At chis writing, we could not detect gastrin by radioimmu- 
noasszy either in the medium or in cell extracts. Neither 
sodium butyrate (2 mmol/L) nor hexamethylene bisacetamide 
(4 mmol/L) administered for up to 7 days stimulated gastrin 
produetion in PT-2 and PT-SM cells (data not shown). 


Effects of Transforming Growth Factor B (TGF-@) 


The BON cells express messenger RNA for TGF-3 and 
secrete TGF-g-like protein." Transforming growth faetor B 
may mediate the effects of hexamethylene bisacetamide.'* We 
therefore examined the effects of TGF-6 on BON cells. Trans- 
formirg growth factor B (10 pg/L) did not inhibit cell growth, 
nor did it (5 to 30 ug/L) alter amine pools (data not shown). 
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Fig 1.—PT-SM cells (1 x 10°) (left) and BON cells (1 x 10°) (right) were plated, and sodium butyrate (NaB, 2 mmol/L) was 
added at the times indicated. Sodium butyrate inhibited growth after addition at all the times tested. 


Fig 2.—BON cells (1 x 10°) were plated. Removal of sodium hydroxide (NaB, by change of media) at 2 days led to rapid 
regrowth (left). Removal at 4 days (left) and 7 days (right) was associated with progressive irreversible inhibition cf growth. 
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Fig 3.—FT-SM cells (1 x 10°) (left) and BON cells (2 x 10°) (right) were plated, and hexamethylene bisacetamide (HMBA, 
4 mmol/L) was added at the time of plating. The medium was changec at the times indicated. 
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COMMENT 

Current medical therapy for unresectable gastrointestinal 
endocrine tumors is unsatisfactory. Limited responses of 25% 
to 30% have been found aftertreatment with streptozocin and 
5-fluorouracil or cyclophosphamide.” Early results from a 
controlled study of hepatic artery occlusion followed by com- 
binazion chemotherapy appear to show better responses than 
either hepatic artery occlusien or chemotherapy alone." 

Induction of differentiation in cancer cells is associated with 
loss of the malignant phenotype; the malignant cell is con- 
verted to a benign cell responsive to homeostatic controls.* 
Induction of the di-ferentiated phenotype in cancer cells by 
sodium butyrate and hexamethylene bisacetamide leads to 
loss of the ability of cancer cells to proliferate in culture. ^? 
This is often associated with functional" and morphologic” 
changes in the treated cells. 

In the present study, a strong inhibition of in vitro growth 
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by sodium butyrate and hexamethylene bisacetamide was 
demonstrated in human gastrinoma and carcinoid tumors. 
After exposure for only a short duration (2 days) to sodium 
butyrate there was rapid regrowth after removal of the 
agent. With prolonged exposure to sodium butyrate in BON 
cells (4 and 7 days) and PT-SM cells (4 days) there was 
progressive irreversible inhibition of growth, suggesting that 
a fraetion of the cell population may have been terminally 
differentiated. Similar findings have been demonstrated pre- 
viously in Friend and colleagues erythroleukemia" and hu- 
man breast cancer cell lines." Regrowth after removal of 
sodium butyrate is probably due to outgrowth of an undiffer- 
entiated resistant clone. It appears that with prolonged expo- 
sure there is a progressive increase in the number of terminal- 
ly differentiated cells”; hexamethylene bisacetamide 
treatment of PT-SM cells for only 2 days and of BON cells for 
4 days led to irreversible growth inhibition. 
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Fig 5.— Left, Effects of sodium butyrate (NaB, 2 mmol/L) on cellular amine levels and amino acid decarboxylase (AAD) 


activity in BON cells, compared with controls (Con). Asteris 


k indicates P<.05 compared with controls. Right, Data 


expressed as percentages of control values to show the reciprocal changes in tryptophan, 5-hydroxytryptophan (5-HTP), 
and 5-hydroxytryptamine (5-HT) levels. Increases in AAD activity were associated with increases in cellular 5-HT levels. 


Although both sodium butyrate and hexamethylene bisace- 
tamide inhibited growth of BON cells, we found opposite 
effects of these agents on amine levels. Sodium butyrate 
increased cellular 5-hydroxytryptamine levels, an effect that 
appears to be due to stimulation of amino acid decarboxylase 
activity, the enzyme responsible for amine biosynthesis. 
These findings suggest increased conversion of 5-hydroxy- 
tryptophan to 5-hydroxytryptamine. While tryptophan hy- 
droxylase activity was not measured in this study, the signifi- 
cant decrease in intracellular tryptophan levels suggests that 
activity cf this enzyme was also increased. The effects of 
sodium butyrate on amine biosynthesis in BON cells are 
similar to previously reported actions of this agent on intra- 
cellular levels of amines in a murine mastocytoma cell line.” 

Effects of hexamethylene bisacetamide on intracellular 
5-hydroxytryptamine levels have not been reported previ- 
ously. We found that hexamethylene bisacetamide signifi- 
cantly deereased amine levels in BON cells. The effects of 
hexamethylene bisacetamide in BON cells were not due to 
cytotoxicity, since significant inhibition in amine levels was 
produced at a dose, 2 mmol/L, that did not significantly inhibit 
cell growth. Hexamethylene bisacetamide may be a unique 
agent in that it has both an antiproliferative effect and an 
inhibitory effect on amine biosynthesis. The finding that the 
two agents had opposite effects on amine biosynthesis is in 
contrast to that of previous reports, which showed similar 
effects of both agents on stimulation of hemoglobin produc- 
tioninthe murine erythroleukemia cell line"? and stimulation 
of fluid transport and mucus production in HT-29 colon cancer 
cells." 

A progressive decrease in production of gastrin by the 
human gastrinoma PT-2 cell line in long-term culture is simi- 
lar to previous reports with gastrinoma cells in tissue cul- 
ture.” The endocrine characteristics of PT-2 gastrinoma of 
dense-core (peptide storage) granules are maintained in long- 
term culture. Neither sodium butyrate nor hexamethylene 
bisacetamide induced synthesis of gastrin to a level that was 
detectable with our gastrin radioimmunoassay (lower limit of 
sensitivity, 60 ng/L). Alterations in peptide synthesis or re- 
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Fig 6.—Inhibitory effects of hexamethylene bisacetamide (HMBA) on 
cellular amine pools in BON cells. 5-HT indicates 5-hydroxytrypta- 
mine; 5-HTP, 5 hydroxytryptophan. Asterisk indicates P<.05 for 2- 
mmol/L vs 4-mmol/L HMBA; dagger, P<.05 compared with cortrol. 


lease due to dedifferentiation of tumor cells in long-term 
culture may account for diminished production of gastrin.” 
The failure to stimulate gastrin production after sodium buty- 
rate treatment is in contrast to previous reports that show 
significant elevations in synthesis of other peptides by sodium 
butyrate in murine insulinoma cells and human mecullary 
thyroid carcinoma cells in culture.”” These effects were me- 
diated by alterations in gene expression of peptide hor- 
mones.”™” Studies are under way on gastrin gene expression 
in the PT-2 cell line using a human gastrin complementary 
DNA probe we have developed. 
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hurine erythroleukemia cell line." New information pro- 
duced by our studies supports the presence of different mech- 
anisms of action for the two agents. In our study, both agents 
had -nhibitory effects on tumor growth; however, opposite 
effects were produced on amine biosynthesis in BON cells. 
The BON cellline may be particularly useful fer studying the 
mechanisms for the different-effects of the twoagents. 
Sehroy and colleagues" have shown that messenger RNA 
expression for TGF-g8 is induced by hexamethylene bisaceta- 
mide in colon cancer cells, and they suggest that TGF-B may 
mediate the effects of hexamethylene bisacetamide. The 
BON cells express messenger RNA for TGF-8 and secrete 
TGF-g-like protein into the medium.” Our failure to demon- 
strate any inhibitory effects of TGF-8 on cell growth or on 
cellular amine levels suggests that TGF-6 does not mediate 
the actions of hexamethylene bisacetamide in BON cells. 
(5. However, further studies are necessary on the effects of 
^ s hexamethylene bisacetamide on TGF-8 receptor concentra- 
* -. tiens and on possible alterations in cellular signal transduc- 
- ". tion for TGF-g. 
= Ineonclusion, we have found that the differentiation agents 
.. sodium butyrate and hexamethylene bisacetamide produce 
significant inhibition of growth in human gastrointestinal 
endocrine tumors. In humar carcinoid tumor these agents 
had opposite effects on the amine pools. The significant anti- 
proliferative activity and inhibitory effects on the amine bio- 
synthesis warrant further evaluation of hexamethylene bisa- 
cetamide or its analogues in the management of metastatic 
earciroid syndrome. Agents that induce cellular differentia- 
tion may become useful for treatment of gastrointestinal 
endocrine tumors that are resistant to current cytotoxic 
chemotherapy. 

This study was supported by grants 5437-DK-15241 and P01 DK 35608 from 
the Nazional Institutes of Health and by grant PDT-220 from the American 
Cancer Society. 

Dr Parekh, a visiting scientist from the University of Witwatersrand, Johan- 
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Clinical Relevance Statement 


The ineidence and prevalence of malignant endocrine neoplasias do 
not constitute a major publie health problem. However, patients with — 
unresectable gastrointestinal endocrine tumors or metastatie gastro- 
intestinal endocrine tumors do pose a vexing problem to clinicians 
caring for these patients. Besides the tumor burden, these patients 
often have uncomfortable symptoms as a result of their disease. 
Response to cytotoxic chemotherapy has been limited, even when it is 
combined with streptozocin, an antineoplastic agent that is chemical- 
ly related to other nitrosoureas. Parekh et al have proposed using a 
differert class of agents, ie, those that promote differentiation, as a 
mechanism of controlling endocrine tumors, with excellent in vitro 
suecess. This study reports strong inhibition of eultured cells from 
human endocrine tumor cell lines. A new class of agents to treat 
patients with unresectable and metastatic gastrointestinal endocrine 
tumors is potentially very important clinically. This approach, if 
successful, has much more appeal to the clinician treating these 
diseases than some currently recommended combinations of hepatic 
arterial occlusion and/or cytotoxic chemotherapy. Therefore, we 
await further study on in vive endocrine tumors to determine wheth- 
er agents that induce cellular differentiation are also useful in treat- 
ing gastrointestinal endocrine tumors. 


MICHAEL J. ZINNER, MD 
Los Angeles, Calif 
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ceftizoxime sodium 
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ceftizoxime sodium injection 


See complete prescribing information in FPC literature or PDR. The 
following is a brie’ summary. 

CONTRAINDICATIONS 

Cefizox (sterile ceftizoxime sodium FPC) is contraincicated in patients 
who have known allergy to the drug. 

WARNINGS 

BEFORE THERAPY WITH 'CEFIZOX' IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD 
PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, 
PENICILLINS, OR-CTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN 
CAUTIOUSLY TC PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS 
SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO 
HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY 
TO DRUGS. SERIDUS ACUTE HYPERSENSITIVITY REACTIONS MAY 
REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis has been reported with the use of cephalo- 
sporins (and other oroad-sprectrum antibiotics); there'ore, it is important 
to consider its diagnosis in patients who developed diarrhea in association 
with antibiotic use. Treatment with broad-spectrum antibiotics alters normal 


also be considered 


PRECAUTIONS 

General: As with al! broad-spectrum antibiotics, ‘Defizox’ should be 
prescribed with caution in individuals with a history of gastrointestinal 
disease, particularly colitis. 

Although ‘Cefizox" has not been shown to produce an alteration in renal 
function, renal status should be evaluated, especially in ill pati 
receiving maximum dose therapy. As with any antibiotic, pr use 
may result in ovesgrowth of nonsusceptible organisms. Careful observation 
is essential; apprapriale measures should be taken if superinfection occurs. 
Drug Interactions: Although the occurrence has not been reported with 
‘Cefizox’ nephrotoxicity has been reported following concomitant admini- 
stration of other cephalosporins and aminoglycosices. 

Pregnancy: (Category B.) Reproduction studies have been performed 
in rats and and have revealed no evidence of impaired fertility 
or harm to the fetus due to 'Cefizox: There are, however, no adequate 
and well-controlled studies in pregnant women. Because animal 
reproduction studies are not always predictive of human response, this 
drug should be used during pregnancy only if clearly needed. 

Labor and : Safety of ‘Cefizox’ use during labor and delivery 


has not been | 

Nursing "Cefizox' is excreted in human milk in low concentra- 
tions. Caution should be exercised when 'Cefizox' s administered to a 
nursing woman. 

Infants and Children: Safety and efficacy in infants from birth to six 
months of age have not been established. In children six months of age 
and older, treatment with 'Cefizox' has been associated with transient 
elevated levels of eosinophils, SGOT, SGPT and CPK (creatine phospho- 
kinase). The CPK elevation may be related to I.M. administration. 


ADVERSE REACTIONS 

Ceftizoxime is well tolerated; the most frequent adverse reactions 

(greater than 1 than 5%) are: Hypersensitvily — Rash, pruritus, 

fever. Hepatic—Transient elevation in SGOT, SGPT and alkaline 
. Hematologic—Transient eosinophilia, thrombocytosis. Some 
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reported czcasionally. Symptoms mbranous colitis can 
appear during or after antibiotic treatment. (See Warnings section.) 
HOW SUPPLIED 
‘Cefizox’ (sterile ceftizoxime sodium, FPC) is supplied in vials equivalent 
to 1 gram or 2 grams of ceftizoxime; in Pharmacy Bulk Vials equivalent 
to 10 grams of ceftizoxime; and in "Piggyback" Vials for I. V. admixture 
equivalent to 1 gram or 2 grams of ceftizoxime. 
Note: Unreconstituted 'Cefizox' (sterile ceftizoxime sodium, FPC) should 
be protected irom excessive light, and stored at controlled room 
temperature (58°-86°F) in the original package until used. 
'Cefizox' (ceftizoxime sodium injection, FPC) as a frozen, sterile, non- 
pyrogenic solution in plastic containers— supplied in 50 ml. single-dose 
containers equivalent to 1 gram or 2 grams of ceftizaxime, in 5% ose 
(D5W). Do not store above —20°C. 
'Cefizox' supplied as a frozen, sterile, ie. Haie solution in plastic 
containers is manufactured for Fujisawa Pharmaceutical Company by 
Baxter Healthcare Corporation, Deerfield, IL 60015. 


€ 1991 Fujisawa USA, Inc. CF 191 January 1991 


fsFujisawa 


Manufactured for 
Fujisawa Pharmaceutical 
of Fu USA, Inc. 


Deerfield, Illinois 60015 








hy Association 


Collective action by independently practicing 
physicians can violate U.S. antitrust laws unless 
physicians proceed very cautiously. 


Case in point: 


At arecent medical society meeting, during 
the discussion of a proposed HMO agreement, 
several doctors said that they would not par- 
ticipate in the plan unless the payor increased 
reimbursement. If a substantial number of 
physicians later declined to participate in the 
HMO, the medical society and its members 
could be sued, and a jury could find them 
guilty of a group boycott in violation of U.S. 
antitrust laws. 


This may be the most important book you'll ever read: 


Collective Negotiation and Antitrust 
A Guide for Physicians 


The American Medical Association, Office of 

the General Counsel, has published this book 
to help you avoid antitrust pitfalls and improve 
your ability to bargain effectively with payors. 





. To Order, Call Today: 1-800-621-8335 





Price: $5.00 (AMA Members ) 
$7.50 (Non-members ) 
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* We examined the possibility that tumor-released products 
inhibi: lymphokine-activated killer cell activation. Lymphokine- 
activated killer cells from human peripheral blood lymphocytes 
were activated with recombinant interleukin 2 for 4 days in the 
presence of malignant effusions or conditioned media from cul- 
tured cell lines (10% vol/vol). Eight of 10 malignant effusions/me- 
dia suppressed the Induction of lymphokine-activated killer cell 
cytotoxicity, as measured in a 4-hour sodium chromate release 
assay. Seven of 10 effusionsimedia inhibited lymphokine-acti- 


7 . tionated by agarose ge! chromatography, treated with detergents 
. - disruptive of ionic bonds and lipids, and retractionated using 


|. . polyacrylamide gel chromatography. Seven suppressive frac- 
__ tons ranging in molecular weight from 1 x 10° to-3 x 10° d were 
_. isolated. It is speculated that this suppressor factor may repre- 


| saat ai multimeric structure with ionic-bonded individual 


Suppressive components. 
(Arca Surg. 1991 ;126:476-480) 


Du A doptive immunotherapy as an approach te treating pa- 

Gents with advanced metastatic cancer was first intro- 
__ duced in 1980" and has since been used in experimental trials 
__ totreat several malignancies, including melanoma, colon can- 
cer, renal cell cancer, adenocarcinoma of the lung, and sarco- 
ma. "Success rates vary from 15% for colorectal cancer to 58% 
-. for renal cell cancer.’ This therapy has yielded a dramatic 
. reduction in tumor burden in some individuals but has shown 
no effect in others. The exact mechanisms of action of adoptive 


» 


s immunotherapy are poorly understood. Previous studies have 


s demonstrated that cultured tumor cell lines can inhibit the 





te dependent." Although these 
cells may release soluble factors 








mechanism are still speculative, and the putative suppressive 
factor(s) remains uncharacterized. 

In contrast to previous work indicating that patients with 
cancer possess circulating LAK-suppressive factors or that 
certair tumors in vitro produce these suppressive compo- 
nents, we examined in vivo-released immunosuppressive fac- 
tors and addressed the possibility that they are tumor de- 
rived. We examined not only inhibition of LAK cell 
cytotozicity, but inhibition of LAK cell proliferation, in both a 
time- and dose-dependent manner. Furthermore, the sup- 
pressive factor from one malignant effusion was isolated and 
partial y characterized. We employed both tumor-cell super- 
natant and a variety of malignant effusions, since the latter 
provide a potentially enhanced source of these suppressive 
factors. 


MATERIALS AND METHODS 
Malignant Effusions and Conditioned Media 


Malignant effusions from eight patients and conditioned media 
from two eultured malignant cell lines (SW480 and SW620) were 
tested far the ability to suppress LAK cell induction and activity. 
These materials are listed in Table 1. Ascitie fluid was obtained by 
ultrasound-guided percutaneous paracentesis. Pleural fluid was ob- 
tained using needle thoracentesis. All effusions were confirmed by 
cytologie examination to contain malignant cells. Ascitic and pleural 
fluids were centrifuged at low speed and passed through a 0.45-1um 
filter to remove cellular debris. The effusions were stored at — 20°C 
under sterile conditions. 

Condizioned media were derived from tissue cultures of SW480, a 
primary colon carcinoma, and SW620, a metastatic colon carcinoma. 
Both cel. lines were maintained in RPMI 1640 medium (Gibco Lab, 
Grand Island, NY) supplemented with 10% fetal calf serum. 


LAK Cell Induction and Effusion Coincubation 


Peripheral blood mononuclear cells from healthy-donor heparin- 
ized blocd were isolated by centrifugation on Ficoll-Hypaque gradi- 
ents. The collected cells were washed twice with sterile phosphate- 
buffered saline and resuspended in RPMI 1640 medium (Gibeo) 
supplemanted with 10% human serum. A viable cell count was deter- 
mined m:eroscopically with trypan blue exclusion. 

Peripheral blood mononuclear cells (1 x 10°/mL) were cultured in 
the presence of recombinant interleukin 2 (r1L-2) (1000 IU/mL) and 


malignart effusion or medium at a concentration of 10% by volume. 


Control wells received only IL-2. These cocultures were incubated in 
24-well fiat-bottomed microplates at 37°C in 5% carbon dioxide for 5 
days. Th» resulting cells were assessed by flow cytometry for LAK/ 
natural Filler phenotype (Leu-11* or Leu-19*). After 5 days, the 
coincuba:ions were assayed for either proliferation or cytotoxicity. 
Proliferation Assay 

To determine the extent of LAK cell proliferation, cultures were 
initially counted for viable cells by trypan blue exclusion. The accura- 
cy of the microscopic counts was confirmed by comparison with 
separate cocultures assayed by tritium-thymidine incorporation. The 
latter were performed to assess any potential effects of non-LAK 
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-Malignant Effusions and Media Used During 
Induction of LAK Cell Generation* 


Source of Fluid 
Pleural fluid Prostate carcinoma 
Colon carcinoma 
Pleural fluid = | Non-smali-cell lung cancer 
Pleural fluid .. High-grade sarcoma 


Conditioned media Primary colon carcinoma 

|  Metastatic colon carcinoma 
8 | Ascites Adenocarcinoma of the lung 
. *LAK indicates lymphokine-activated killer 





cells on the cell count, since only the dividing rIL-2-stimulated 
population would actively incorporate the tritium-thymidine. Periph- 
eral blood mononuclear cells were ineubated with rIL-2 with or 
without effusion for 120 hours at 37°C and 5% carbon dioxide as 
described above. During the final 18 hours, the cells were pulsed for 
18 hours by adding 0.027 MBq of tritium-thymidine to each well. The 
cells were harvested using a Multiwell Cell Harvester (Cambridge 
Technology. Cambridge, Mass) and individual filler disks were 
counted in a liquid scintillation counter. 


Cytotoxicity Assay 


A standard 4-hour sodium chromate release assay was performed 
on each well to determine the degree of LAK cell cytotoxicity. One 


"million Daudi target cells were labeled with sodium chromate 
-o G.T MBq), witha specific activity of 0.185 MBa/min, for 2 hours at 









cells were washed twice in RPMI and resuspended at a 


* 


p. final concentration of 10°/mL. Ten thousand labeled Daudi cells were 
added to each well of U-bottom microtiter plates and coircubated 


with effector cells at effector-target ratios ranging from 10:1 to 50:1. 
The plates were centrifuged, and supernatants were counted for 
sodium chromate release by gamma counter. All determinations 
were made in triplicate. The percent of specific lysis for each culture 
was determined according to the following formula: 

Experimental mean epm — SR mean epm x 100 

MR mean epm — SR mean epm 

in which SR indicates spontaneous release; MR, maximum release; 
and cpm, counts per minute. 

Fractionation of a Suppressive Effusion 

5 by Gel Chromatography 





z Statistical Analysis 

ntal values are reported as means + SDs. Statistical sig- 
i determined using a two-tailed, two-sample t test com- 
control values, 
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Table 2.— Proliferation Assays Following Coincubation With 
Malignant Effusion/Media During LAK Cell induction* 


Patient No./ 
Cell Line 


Hemocytometer 


Count, x 10° CPM (Tritium) 


30 428+ 1927 


55 178+ 1881 
457 + 180 
619+ 185 


 8799:1997 . 
75 453-5 4761 


*Values of CPM are reported as mean + SD. P values were calculated using : 


t test compared with control values. LAK indicates iyraphokine-activated killer, 
and CPM, scintillation counts per minute. ii 


Table 3. — Modulation of LAK Cell Cytotoxicity by Coincubation 
of Lymphocytes with Malignant Effusions/Media, Assessed 
Using Sodium Chromate Release Assay* 




















Specific Lysis, ?oT 
Patient No./ sae TON POT 
Cell Line Diagnosis 50:1 10:1 P 









802-16 566214 
82042 61.6208  .67 
77.7228 57.9::36 44 
Lung cancer 17-01 07206. 
High-grade sarcoma 20.6: 1.0 6521.8 | 
Ovarian carcinoma 24x09 025043 
42x10 12505 
28.5+2.3 
0 .1+0.2 0x0 
SWA80 01x01 .— 0x0 
SW620 0.1 «0.1 0x0 «0001 |. 
*Lysis values are reported as mean * SD. P values were calculated using t | 


test, compared with control values. LAK indicates lymphokine-activated killer. 
tEffector-target ratios. : 














Prostate carcinoma 































Renal carcinoma 

























Colon cancer 
Colon cancer 








RESULTS A 


Malignant Effusions/Media Inhibit LAK Cell Proliferation 


The results of the proliferation assays following LAK cell 
coincubation with malignant effusion or medium are shown in 
Table 2. Scintillation counts were performed in triplicate and 
reported as means + SDs. The effusions from patients 1, 2, 
and 7 failed to inhibit LAK cell proliferation in both assays. 
The remaining seven fluids inhibited proliferation to varying 
degrees in both assays. 


Malignant Effusions/Media Inhibit LAK Cell - 
Cytotoxicity in a Time-Dependent Manner | 


The effect on LAK cell cytotoxicity by coincubation with 
various 10% malignant effusions is shown in Table 3. In this 
experiment, LAK cells generated in the control culture (with- 
















Table 4.—Cytotoxicity Assays Following Addition of 
Suppressive Effusion of Patient 3 zt Varying Intervals to 
the LAK Cell Incubations* 


Time, h Control Patient 3 P 


*Values given as % specific lysis (mean+ SD). P values were calculated 
using ¢ test. LAK indicates lymphokine-activatec killer. 
















out exposure to malignant effusion) demonstrated 80% cyto- 
toxicity against Daudi target cells at an effector-target ratio 
of 50:1. Several types of malignant effusions, and the SW480 
and SW620 culture supernatants demonstrated a marked 
suppression of LAK cell cytotoxicity. In some cases, such as 
the ascites from patient 7 and the pleural fluid from patient 4, 
suppression of cytotoxicity was at an intermediate or low 
level. These samples reduced cytotoxicity to 28.5% and 
20.6%, whereas the others showed 0. 196 to 4.2% specific lysis 
at effector-target ratios of 50:1. Two effusions, pleural fluid 
from patient 1 and ascites from patient 2, showed no signifi- 
cant suppression of cytotoxicity. The specimens (except asci- 
tes frem patient 7) showed a elose correlation between their 
abilities to inhibit both the proliferation and cytotoxicity of 
LAK cells. Ascites from patient 7 demonstrated an ability to 
moderately suppress LAK cell cytotoxicity, but did not sup- 
press proliferation. 

Suppressive effusion from patient 3 was added to the LAK 
incubations at intervals ranging from 24 to 168 hours (Table 
4). Addition of the effusion at later intervals resulted in less 
suppression of LAK cell cytotoxicity. 

To examine the direct effeet of these fluids on LAK cel! 
killing, suppressive effusions were added to the standard 
sodium chromate release assay using active LAK cells (Table 
5). Suppressive ascites from patients 5 and 7 were added 
directly to the cytotoxicity assay in concentrations of 10% and 
20% (vol/vol). Neither effusion inhibited cytotoxicity regard- 
less of concentration. 


Suppressive Effusions Act in a Dose-Dependent Fashion 


Suppressive effusions from patients 3 and 5 were tested for 
a possible dose-response relationship in their ability to inhibit 
LAK cell cytotoxicity and proliferation. Each effusion was 
added to the cultures of peripheral blood mononuclear cells 
and rIL-2 in concentrations ranging from 10% to 40% by 
volume. Standard proliferation and cytotoxicity assays were 
performed following 5-day eoincubatior. The results obtained 
with pleural fluid from patient 3 are depicted in Fig 1. Increas- 
ing concentrations of effusion produced progressively more 
suppression of both proliferation and cytotoxicity. A similar 
effect on cytotoxicity was noted when ascites from patient 5 
was added in various coneentrations tc the LAK cell culture 
(Fig 2). 


Conditioned Media Produces Suppression 
Similar to That of Malignant Effusions 


Conditioned media from cultured eell lines SW480 and 
SW620, when coincubated with peripheral blood mononuclear 
cells and rIL-2, significantly suppressed LAK cell cytotoxic- 


. 


ity in a standard 4-hour sodium chromate release assay (Table 
3) 


‘Conditioned medium was also obtained from cultured tu- 
mor cells (ovarian carcinoma) from patient 5 and tested for 
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Table 5.—LAK Cell Activity Following the Addition of Two 
Representative Suppressive Effusions Directly to the Sodium 
Chromate Release Assay* 












Specific Lysis Concentration, % 











Patient No. 2096 


44.5+3.5 (P=.49) 49.0+2.6 (P=.08) 
43.5+4.4 (P—.56) 42.7+1.7 (P=.42) 


*The effector-target ratio was 20:1. Values are reported as mean+SD. 
P values were calculated using t test compared with control values. LAK 
indicates lymphokine-activated killer. Mean+SD concentration for control 
specimen was 47% + 2.895. 


10% 


Cells, No. x105 
o o T a o à in 
M — 
= e è 8 8 e 
(04100?) JO % 'Ájoixo10145 


0 5 10 15 20 25 30 35 40 
Ascitic Fluid, % (vol/vol) 


Fig 1.— Dose-response effect of suppressive pleural fluid from patient 
3 (prostate carcinoma). Pleural fluid was added to cultures of peripher- 
al blood mononuclear cells and recombinant interleukin 2 cultures in 
concentrations ranging from 0% to 40% (vol/vol). Open triangles 
represent proliferation data; and closed diamonds, cytotoxicity data. 


suppression of LAK cell cytotoxicity in a dose-response man- 
ner as described above. This medium showed a similar dose- 
dependent ability to suppress LAK cell cytotoxicity, as de- 
picted in Fig 3. 


Isolation of Suppressive Fractions 
by Gel Chromatography 


Suppressive effusion from patient 3 was separated on Bio- 
gel A-5m as described above. Fractions were obtained, and 
peaks of absorbance were pooled. These pooled fractions 
were coincubated with peripheral blood mononuclear cells 
and rIL-2 for 5 days, after which cytotoxicity was assessed 
using the sodium chromate release assay. The effects of these 
fractions on LAK cell cytotoxicity are depicted in Table 6. 
Fractions 1 and 2 caused the greatest suppression of LAK cell 
cytotoxicity. Fraction 1, in particular, resulted in a greater 
than tenfold reduction in LAK cell cytotoxicity. Since this 
fraction exhibited a molecular weight in excess of 5 x 10° d, the 
fraction was subjected to treatment with CHAPS and 
MEGA-10 detergents, then applied to a Sephacryl S300 gel 
chromatography column. Seven new fractions were obtained, 
ranging in molecular weight from 1 x 105 to 3x 10 d. Each 
fraction was again added to LAK cell induction cultures and 
the latter were assessed for cytotoxicity at the end of the 
5-day incubation period. The effects of these new fractions are 
depicted in Table 7. All fractions showed some degree of 
suppression compared with control values, but fractions 3 and 
4 were particularly suppressive. These fractions fell within 
the 1 x 10-d to 3 x 10-d molecular weight range. 
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Specific Lysis, % 


35 
30 
25 
20 
15 
10 

5 

0 


0 0.15 0.6 2.5 10 40 
Concentration of Ascitic Fluid, % (vol/vol) 


Fig 2.—Dose-response effect of suppressive ascites from patient 3 
(ovarian carcinoma) on LAK cell cytotoxicity. Ascites was added to 
cultures of peripheral blood mononuclear cells and recombinant inter- 
leukin 2 cultures in concentrations ranging from 0% to 40% (vol/vol). 
Lymphokine-activated killer cell cytotoxicity was assessed following 
5-day incubation using a standarc sodium chromate release assay. 





20 
L 15 
D] 
o 
> 
ail 
o 10 
À 
5 
E 0 10 20 40 


Concentration of Media, 96 (vol/vol) 


Fig 3.—Dose-response effect of conditioned medium from cultured 
tumor cells from patient 5 (ovarian carcinoma). Culture supernatant 
was added to incubation of peripheral blood mononuclear cells and 
recombinant interleukin 2 in concentrations ranging from 0% to 40% 
(vol/vol). Lymphokine-activity killer cell cytotoxicity was assessed fol- 
lowing 5-dav incubation. 


COMMENT 


The ability of cancer cells to produce factors that suppress 
LAK cell induction is well documented." In the present 
study, malignant effusions and conditioned media from eul- 
tured malignant cell lines suppressed LAK cell proliferation 
and cytotoxicity in varying degrees. The suppression by both 
malignant effusions and conditioned media from cultured cell 
lines suggests that these suppressive factors are soluble tu- 
mor-shed products. 

Hemocytometer counts in the proliferation assay showed 
that eight of the 10 tested effusions resulted in lower numbers 
of viable cell counts (Table 2). Statistical analysis was not 
possible because these counts were conducted only once. 
However, these cell counts showed close correlation with the 
seven effusions further tested in triplicate by tritium-thymi- 
dine incorporation. Four of the seven effusions tested by 
tritium-thymidine incorporation were suppressive, with a 
high degree of statistical significance compared with control 
values. The degree of suppression, however, was not uni- 
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Table 6.—Effects of Separated Fractions From Pleural Fluid 
of Patient 3 on LAK Cell Cytotoxicity Assessed With 


Standard Sodium Chromate Release Assay* 





Specific 
Specimen Lysis, % P 
Control 12.9+0.75 "7A 
Fraction 1 0.48 +0.43 <.0001 
Fraction 3 8.1+0.5 .0006 
Fraction 4 9.8+1.9 .058 


Fraction 5 13.4+2.1 81 


*The effector-target ratio was 10:1. Values are reported as mean+SD. P 
values were calculated using t test compared with control values. LAK indicates 
lymphokine-activated killer. 


Table 7.—Further Fractionation of a Suppressive Fraction 
From Malignant Pleural Fluid of Patient 3 Assessed 


With Standard Sodium Chromate Release Assay* 





Specific 
Specimen Lysis, % P 
Control 23.5+4.6 mi 


Fraction 4 3.9+0.2 <.001 


Fraction 5 10.2+2.6 .012 
Fraction 6 6.2 —- 0.05 .003 
Fraction 7 9.6 — 0.43 .006 


*The effector-target ratio was 20:1. Values are reported as mean SD. P 
values were calculated using t test compared with contro! values. 


form. Effusions from patients 3 and 4 produced profound 
(98%) suppression, whereas AP and JK resulted in a more 
moderate (42% to 72%) suppression. The three nonsuppres- 
sive effusions actually resulted in higher viable cell counts and 
tritium-thymidine incorporation, suggesting an immunosti- 
mulatory effect. 

The cytotoxicity data clearly indicate the suppressive na- 
ture of these effusions and media (Table 3). Eight of the 10 
samples produced suppression of LAK cell cytotoxicity, each 
with a high degree of statistical significance compared with 
control values. Interestingly, the two effusions nonsuppres- 
sive of cytotoxicity (patients 1 and 2) were also nonsuppres- 
sive in the above proliferation assays. As in the proliferation 
assays, suppression of cytotoxicity was somewhat variable. 
Six of the eight suppressive effusions were markedly so (9596 
to 99%), while the remaining two (patients 4 and 7) sup- 
pressed LAK cell cytotoxicity to a lesser degree (70% to 80%). 

Malignant effusions and conditioned media from eultured 
malignant cell lines therefore may contain immunoregulatory 
products of varying concentrations or potency. The majority 
of such products in this study suppressed both LAK cell 
proliferation and cytotoxicity. The data also indicate that a 
small number of effusions may contain immunostimulatory 
products. We speculate that the immunoregulatory capacity 
of these tumor-derived products may make it possible to 
predict clinical response to immunotherapy. 

Prolonged exposure of IL-2-stimulated lymphocytes to a 
suppressive effusion (patient 3) showed suppression of LAK 
cell cytotoxicity proportional to the time of exposure (Table 
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4). These data sugg 
more, the addition of suppressive effusions to the cytotoxicity 
assay itself showed no suppression of LAK cell cytotoxicity 
(Table 5). Thus, it is the induction phase of LAK cell genera- 
tion, not the effector phase, during which released suppressor 
factor affects the proliferative and cytotoxic capabilities of 
LAK cells. It is therefore unlikely that simple receptor-com- 
petitive inhibition plays a significant role in factor-mediated 
LAK cell suppression. This finding is consistent with other 
reports on LAK cell suppressor factors.**” 

Suppression of LAK cytotoxicity and proliferation were 
found to be dose dependent in both representative suppres- 
sive effusions tested (Figs 1 and 2). Such dose dependency 
implies thata smaller tumor burden or early stage malignancy 
might therefore produce less LAK cell suppression. This 
possible correlation of clinieal stage and amount of LAK 
suppression has been suggested in previous reports. Shiiba et 
al" described several groups of patients with evidence of 
serum-borne LAK cell suppressor factor. Eighty percent of 
those who laeked the factor had early-stage cancers with only 
small lesions. A similar correlation was previously noted in 
patients with melanoma. *" 

The exact nature of LAK cell suppressor factor is poorly 
understood. Transforming growth factor B has been impli- 
cated as a potent inhibitor of LAK cell activity. ^^ Trans- 
forming growth factor B has been described as a 25 x 10^ d 
dimer synthesized by a variety of cells, with numerous regula- 
tory cellular actions. Other studies report serum suppressor 
factors with molecular weights ranging from 7 x 10‘ d to 3x 
10° d.* In the present study, a profoundly suppressive frac- 
tion cf very high molecular weight (5x 10° d) was isolated 
from the malignant pleural effusion of a patient with non- 
small cell eareinoma of the lung. This fraction appears similar 
to our previously identified *nembrane fragments" isolated 
from patients with ovarian cancer and murine tumor products 
in terms of size and immunoregulatory nature. '^" This frac- 
tion was solubilized by detergent treatment and further sepa- 
rated by additional gel chromatography, which produced sev- 
en new fractions. The peak suppressive fractions ranged in 
molecular weight from 1x 10° to 3x 10^ d. This material is 
probably not transforming growth factor P or interleukin 4, 





rest a time-dependent precess. Further- 





due to differences in molecular weight. Based on the molecu- 
lar weight and subfractionation after treatment with deter- 
gents, it is possible that this tumor-derived suppressor factor 
consists of a larger complex of lipids and other proteins. 
Current studies are addressing the nature of the suppressor 
factor using treatments with heat, protease, nuclease, and 
lipase. It is also possible that the suppressor factor(s) may 
vary in size and nature, depending on the specific histopatho- 
logic features of the tumor. 

The 100- to 300-kd material itself may not be unique to 
malignant ascites or media from cultured malignant cell lines, 
in that nonmalignant cells may produce proteins in that molec- 
ular weight range. The suppressive activity of this material, 
however, certainly appears to be unique. 

Control values for the cytotoxicity assays varied considera- 
bly in this study (12.9% in Table 5 to 80.2% in Table 3. Two 
factors account for this phenomenon. First, these assays used 
either banked blood or fresh blood from healthy human do- 
nors. Fresh blood resulted in higher numbers of harvested 
viable lymphocytes and appeared to produce higher control 
cytotoxicity values. Stored lymphocytes do not seem to dif- 
ferentiate as readily into effective LAK cells. Second, lower 
harvests of viable LAK cells from banked blood necessitated 
lower effector-target ratios, and hence lower overall cytotox- 
icity. Nonetheless, suppressive effects of these effusions and 
media showed a high degree of statistical Significance com- 
pared with controls, regardless of the magnitude of the con- 
trol value. Finally, better control results might have been 
achieved by comparing the results of this study with those 
obtained using nonmalignant effusions (ie, congestive heart 
failure and cirrhosis) in the LAK cell incubations. The nona- 
vailability of such patients at our institution made this impos- 
sible. However, the three effusions that did not suppress 
LAK cell induction serve essentially as the negative controls 
for these studies. The suppression of IL-2-induced LAK cell 
activity is therefore not simply a general consequence of the 
addition of ascitic fluid. It is also known that conditioned 
media from nonmalignant cell lines do not inhibit LAK cell 
production."^^" Soluble cellular by-products from normal 
tissue as found in nonmalignant ascites predictably should not 
therefore, affect LAK cell activity. 
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9 Findinga screening test to evaluate patients with cancer for 
occult static disease, as well. as imaging all known disease, 
is a goal of research efforts. Twenty-nine evaluable patients with 
deeply invasive (stage 1), regional nodal (stage Il), or systemic 
(stage Ili) melanoma underwent imaging by administration of a 
preparation of the antimelanoma antibody labeled with techne- 
tium 99m. Scan results indicated that 28 of 32 confirmed meta- 
static sites were imaged with this technique (68% sensitivity). 

- Analysis of the individual positive sites revealed that nodal ba- 

| ging and visceral metastases accounted for the highest percent- 
age of metastatic sites imaged, with 14 (88%) of 16 nodal basin 
metastases and all four visceral metastases being detected 
through imaging. Occult nodal disease was detected in the iliac 
nodal chair in two of the 29 patients. The imaging of benign 
tumors and nodal basins not containing disease accounted for a 
confirmed false-positive rate of 21%. Three (10%) of the 29 scan 
results were confirmed to be false-negative. In vivo tumor local- 
ization with monoclonal antibodies showed a sensitivity similar 

to that of other roentgenographic procedures for identifying 
metastatic disease and was useful in two of three patients in 
identifying occult iliac nodal disease, a region that is difficult to 
evaluate with ohysical examination and other imaging modali- 

~ ties. 
* (Arch Surg. 1991;126:481-484) 





JT elanoma has an unpredictable malignant potential. A 
Vi. significant incidence of recurrent metastatic disease is 
-seen within 5 years in stage I and II melanoma. Recurrent 
disease is predictable for deep primary melanomas (stage J), 
for patients with regional lymph nodes containing metastatic 
tumor (stage ID, and for patients with isolated visceral me- 
tastases (stage ITI) after resection.’ Occult disease present at 
the time of surgery has been suggested as the basis of these 
recurrences.’ Metastatic melanoma can involve any organ but 
has a propensity to occur in the regional lymph nodes, lung, 
liver, bone, and central nervous system." 
isk factors have been described in an attempt to predict 
3 the incidenee of metastatic disease following primary tumor 
= resection. Unfavorable prognostic factors for stage I disease 
nae include Breslow tumor thickness greater than 0.76 mm and 
tu mor ulceration. ‘ Although the probability of metastasis can 
ed, no single test is currently available for confirma- 
. The routine workup for clinical staging in- 
entgenography and serum liver function tests. 
results and patient symptoms are subsequent- 
tec with computed tomography (CT) of the head, 
chest, abdomen, and pelvis depending on the abnormality 
detected and the symptoms. 
ional antibodies (MoAbs) to tumor-associated anti- 
gens are | ecoming an important tool for evaluating tumor 
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lization of Mali gnant Melanoma 
Monoclonal Antibodies 








stage and treatment. Monoclonal antibodies against the250- 


kd cell surface glycoprotein,’ expressed on 90% of all melano- 
mas, have recently become available. These:antibodies nave 
been tagged with radioactive technetium via a bifunctional. 
chelating agent and developed for detection of malignant 
melanoma." The use of the MoAb Fab fragment rather chan 
whole IgG has been shown to greatly enhance image resolu- — - 
tion, largely through increased clearance with reduced kack- 
ground interference and greater specific localization of the 
Fab fragment compared with whole IgG in tumors.’ 

The Melanoma Treatment Center at the University of 
South Florida, Tampa, conducted this study to evaluate the 
role of technetium-labeled MoAb seans in the metastatic 
workup and clinical treatment of patients with advanced- 
stage melanoma and to determine the effect of long-term 
clinical follow-up on sensitivity results. 


MATERIALS AND METHODS 
MoAbs 


NR-M1-05, a murine antimelanoma MoAb against the 250-kd high- 
molecular-weight proteoglycan antigen, was de veloped and purified. 
for clinical use (NeoRx Corp, Seattle, Wash) using standard hybri- 
doma techniques." Fab fragments were also prepared according to 
standard methods. The irrelevant murine MoAb NR-ZAD (whole 
IgG), reactive with idiopathic determinants of surface IgG on a E-cell. 


lymphoma and not reactive with normal tissue or other tumors, was. v 


also supplied by NeoRx. 
Preparation of Technetium 99m MoAb Conjugate 


An imaging kit was developed that uses a diamide dimereaptide = 
N,S, formed by the esterification of 4,5-bisthioacetamide pentammate ^. 
with 2,3,5,6-tetraflourophenol using carbodiimide (NeoRx Cerp. | ^. 
The wmo. N, S, complex was produced by reconstituting stannous — 


ee with 1 mL of sterile water and then mixing 0.75 mL of. 
[^"Tcelpertechnetate with this solution." 

Glacial acetic acid-0.2N hydrochloric acid solution and buifers 
were used to adjust the pH of the stannous gluconate solution to form 
a""Te ligand ester. NR-M1-05 was added to this active ester complex . 
and incubated at room temperature for 20 minutes. The resulting 

""Te-N,S, antibody conjugate was then purified using ion exchange 
columns and micropore filters. " 


Patients and Study Design 


Twenty-nine patients seen at the Melanoma Treatment Centerat . 
the University of South Florida, Tampa, with invasive stage I, > 
regional nodal stage II, or systemic stage III disease were evaluated. Dj 
Four of the patients had undergone no previous therapy, 25 had 
undergone resections of the primary tumor, and none had undergone - 
previous chemotherapy. One patient had undergone immunotherapy 
using an irradiated tumor cell vaecine. All participants gave writen 
consent to receive the radioconjugate. The histologic diagnosis of 


melanoma was confirmed in all patients by the cliniedermatopatholo- ` 


gist (C.E.). 

The patients received three antibody preparations intravenously: i 
40 mg of unlabeled irrelevant murine antibody (NR-2AD), followed - 
25 minutes later with 7.5 mg of an unlabeled whole antimelanema 
antibody (NR-MI-05), followed 5 minutes later with 10 mg of 1:10- 
Mbq ""Te-iabeled Fab antimelanoma antibody (NR-M1-05). Unla- 


beled NR-M1-05 IgG and excess unlabeled irrelevant NR-2AD-:gG ..- 


were administered before the radiolabeled MoAb Fab fragmentbe- 
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cause earlier studies" TE 
Eal system by the cortbinatior of the irrelevant MoAb and the intact 
immanoglobulin. This resulted in an enhanced uptake of the traeer in 
the tumor. 

All patients were observed for signs and symptoms of toxicity 
following MoAb injection. A laxative was administered 3 hours after 
injection to clear the gastrointestinal tract of radioisotope. Whole- 
body images were taken beginning 5 hours after injection in the 
anterior and posterior projections using a gamma camera. A dedi- 
cated computer was used to measure regional uptake of the radiola- 
beled antibody. Left and right lateral views of the head were also 
obtained. Occasionally, counts were repeated 24 hours later if images 
were questionable. Ail scans were reviewed and images of positive 











gencgraphy and physical examinations. 

All patients underwent chest roentgenography, and serum sam- 
ples were obtained for liver function tests and lactic dehydrogenase 
determinations. Computed temographie scans of the chest, head, 
&bdcmen, and pelvis were obtained when clinically warranted. All 
positive sites, determined by either MoAb scans or conventional 
roentgenographie studies, underwent surgical biopsies, and thespec- 
imens were evaluated by a pathologist. Specimens from clinically 
positive sites and lymph nodes from elective dissections were resect- 
ed and sent for routine pathoiogie determination. All patients were 
followed up after surgery. 


Assay for Human Antimurine Antibody (HAMA) 


Ir 16 of 29 patients stucied, serum samples were drawn 5, 8, and 16 
weeks after surgery and analyzed for HAMA response using a previ- 
ously published enzyme-linked immunosorbent assay technique." Ti- 
ters: of antibody against NR-M1-05 were considered significantly 
elevated if they were more than 2 SDs above the mean normal level of 
serum units for the controls. 


RESULTS 


Optimal images were acquired at a mean of 5 hours after 
infusion of ""Te-NR-M1-05 Fab fragment. Nonspecific up- 
take was seen in the gallbladder, lung, bone marrow, kidneys, 
testicles, ovaries, and bladder. 

A total of 32 sites were identified to contain tumor from 
pathologic specimens, 28 of which were MoAb-scan positive 
(88% sensitivity). False-negative imaging occurred at a rate 
of 12%. The Table summarizes the overail sensitivity of 
confirmed metastatic lesions in various organ sites from all 29 
patents. Analysis of individual sites determined to be posi- 
tive by scanning revealed that nodal basins and visceral me- 
tastases aecounted for the highest percentage of metastatic 
sites imaged, with 14 (88%) -of 16 known lymph node metasta- 
ses and all four known visceral metastases being detected. In 
soft tissues, 10(8370) of 12 sites known to contain disease were 
imaged. Occult disease was detected in two (7%) of 29 pa- 
tients. Six patients eventually died of their disease and dis- 
ease recurred in 1) patients. Assuming the recurrences were 
secondary to undetected occult disease at the time of scan- 
ning, the sensitivizy fells to-6666. 

The false-positive rate was 21%. These scans included 
: three nodal basins not centaining tumor and three benign 
" tumors: a lipoma, 2 breast adenoma, and a meningioma. Sev- 
. en patients had areas of poorly defined uptake that corre- 
sponded to areas cf scar formation, infection, and, in one case, 
. a previous tumor cell vazeine and bacille "almette-Guérin 
-injection site. 





















: scanning on clinical decision making. In three patients with 
i lower-extremity melanomas, the scan showed positive tumor 
. uptake in the iliac nodal chain. Computed tomographic scans 
-were then performed, the results of which were negative. 
-Dissections of these areas revealed occult micrometastatic 
disease in two of the three patients. Eleven patients with 
gross disease underwent MoAb scan imaging. 

Nine patients with deeply invasive tumor or micrometa- 
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ra ited lodiing ofthe setivioendoltiie- 


sites were then correlated with lesions found with conventional roent- 





An attempt was made to determine the effect of MoAb. 


Sensitivity of Monoclonal Antibodies Labeled With _ 
Technetium 99m Fab-NR-M1-05 for Known 
Melanoma Metastases 
No. (%) of 


Lesions 
imaged 


No. of 
Known 


Lesion Site Lesions 


Sicn/subcutaneous 


Mediastinum — — 1 | 1 (100) 


.. Liver 1 (100) 


. Regional lymph nodes 
Distant lymph nodes 


stati: disease in their regional node dissections underwent 
MoAb scanning. None of the nine had evidence of disease 
either clinically or roentgenographically at the time of MoAb 
scanaing. All nine patients had concurrent negative scan 
resu.ts. Although the follow-up was relatively short (mean, 
11.4 months; range, 3 to 21 months), only one of the patients 
with previously negative scan results developed metastatic 
disease, making the predictive value of a completely negative 
scan. 89%, These results need to be confirmed with a longer 
follow-up. 

Two cases illustrate the clinical use of MoAb scanning. A 
do-y2ar-old white man presented with palpable adenopathy i in 
his right axilla 2 years after undergoing a wide local excision 
for < Clark level II melanoma on his right shoulder. During 
the workup, a MoAb sean with lateral (Fig 1, top) and anterior 
(Fig 1, center) views of the head revealed an isolated, totally 
asyraptomatic brain mass. A CT sean (Fig 1, bottom) con- 
firmed the finding of an intracranial mass. The MoAb scan of 
the right axilla also showed the palpable adenopathy (Fig 2). 
The patient underwent a right axillary dissection and crani- 
otorny. On pathologic evaluation, he had metastatic disease in 
his right axilla; however, the craniotomy revealed a 
meningioma. 

Ir the second ease, the MoAb sean revealed occult nodal 
disease. A 44-year-old white man, with a history of a Clark 
leve. IV melanoma removed from his left calf, presented with 
a pa.pable intransit lesion on the medial aspect of his left thigh 
and palpable left inguinal adenopathy. Results of a CT scan of 
the pelvis and abdomen were negative. However, a MoAb 
scar revealed uptake in the intransit thigh lesion (Fig 3, top), 
uptake in the left inguinal node region (Fig 3, bottom), and 
uptzke in the iliac node region (Fig 3, bottom). The patient 
underwent a wide excision of his intransit lesion, therapeutic 
left groin dissection, and elective iliac nodal dissection. The 
pathologic examination showed metastatic disease in all three 
sites, with micrometastatie disease noted in the iliac nodes 
that were less than 1.0 em in diameter. In this instance, the 
MoAb scan led to more extensive surgery that revealed occult 
metastases. 

Taree (10%) of the 29 scan results were confirmed to be 
false-negative on pathologic examination. Two of the false- 
negative sean results oceurred with known abdominal-wall 
metastases, and the other scan did not reveal micrometastatic 
disease in lymph node basins found to be pathologically posi- 
tiveafter an elective lymph node resection. Four (1496) of the 
29 scans had mixed results, revealing true-positive, false- 
pos:tive, and false-negative combinations at different sites. 

No toxicity to the MoAb infusion was observed in any 
patient, and no significant inerease in HAMA specific for NR- 
M1-05 was seen in the 16 patients tested. 
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COMMAND: — 





Fig 2.—Anterior image of the right shoulder obtained 5 hours after 
intravenous administration of technetium 99m-Fab-NR-M1-05 mono- 
clonal antibodies. Note the positive tracer uptake in the axillary lymph 
nodes (arrow), with normal blood pool distribution seen in the lung and 


axillary vasculature. 


Fig 1.—Top, Lateral view of the head after monoclonal antibody 
injection shows enhancing left meningioma. Center, Anterior view of 
the head shows the same lesion. Bottom, Computed tomographic 
scan of the head reveals a benign meningioma at the left. 






COMMENT ‘ 
Fig 3.—Top, Scan of a medial thigh lesion (arrow) in a patient with a 


The information provided by in vivo tumor localization with 
MoAbs suggests that ""Tc-labeled MoAb (Fab fragment) is a 
sensitive and safe method of detecting metastatic melanoma. 
These scans imaged 88% of detectable melanomas and visual- 
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previously resected primary melanoma of the calf. Bottom, Scan of 
occult iliac nodal (wide arrow) and palpable inguinal nodal disease 
(thin arrow). Nonspecific uptake is seen in the testes, and excreted 
complex is seen in the urinary bladder. 
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detecting occult di 








Negative scan results in a patient with deeply invasive 
stage I or micrometastatic stage II disease had a predictive 
value of 89% for no further disease development. If this holds 
true with longer fo.low-up, then MoAb scanning may be used 
as a screening test zo initially evaluate patients with an early- 
stage melanoma for metastatic disease and perhaps replace 
the battery of sereening tests used now, including liver func- 
tion tests, chest reentgenography, and CT scans when appli- 
cable. Although large prospective trials are needed to eom- 
pare NR-M1-05 scanning with more standard imaging 
modalities, the results may also be used as a prognostic 
indicator for patients and their families to confirm the absence 
of systemic microm=tastatie disease. 

The MoAb scan was able to detect occult disease in two 
patients that was otherwise undetectable-on physical exami- 
nation or routine roentgenegraphic examinations. Both of 
these occult nodal metastases developed in the iliac nodal 
basins from lower-extremity melanomas. It is very difficult, if 
not impossible, to elinically examine the iliac nodal chain. The 
roentgenographic procedure of choice, a CT sean of the pelvis, 
will distinguish between enlarged, pathologic-appearing 
nodes (ie, larger than 2.0 em) and normal-sized nodes, but 
cannot answer the cuestion of whether the nodes are involved 
with metastatic disease or reactive in nature. 

Numerous studies have shown that micrometastases usual- 
ly develop in nodes zhat are less than 1.0 em imdiameter" and 
wouid not be identified as abnormal with the CT scan. In these 
two cases, iiac dissection was added to the standard superfi- 
cial lymph node dissection based on the results of the MoAb 
sean combined with the prognostic variables for the partieular 
patient's primary melanoma, Micrometastatic disease was 
pathologically confirmed in two of three iliac nodal basins. The 
MoAb scan could help to identify the need for a more exten- 
sive ilioinguinal node dissection in patients with aggressive, 
high-risk primary melanomas of the lower extremity or in 
patients with grossly involved inguinal lymph nodes. 

Technetium 99m-N,S, has previously beer shown to be 
excreted in bile and by the kidneys, which explains the local- 
ization in the gallbladder, kidneys, and urinary bladder" 5 
The 21% false-positive rate seen in nodal basins and benign 
tumers and the nenspecifie, poorly defined uptake seen in 
areas of inflammation may be related to increased vascular 
permeability or inereased blood flow. Another possible ex- 
planation involves the presence of submicroscopic disease 
overlooked at the time of pathologic examination. Because of 
the 21% false-positive rate in this patient population, clinical 
judgment based ot: prognostic factors for melanoma must be 








disease not found on initiai evaluations.' 
jatient who had completely negative MoAb 





recurrence and all other patients who had 
gross disease at the time of MoAb scanning, 
ne may te that clinically apparent metastatic deposits 
_ containing high tumor volumes may act as a sink for the MoAb 
and not allow radiolocalization to micrometastatic deposits. 
However, it is possible that the MoAb scanning is not sensi- 
tive enough to detect all micrometastatic foci. Further stud- 
ies must be performed on patients with no discernible disease 
te answer this question. The inability to reliably reveal the 
presence of micrometastatie disease in patients with coneur- 
rent gross disease resulted in an increase in the number of 















484 Arch Surg— Vol 126, April 1991 





^ wr 






.& substantial incidenc 
|  MoAbs."" No significant increase. 
was seen in HAMA reaction against specific MoAb NR-MI- 
05. This could be explained by an antiglobulin response 
against the irrelevant antibody (NR-2AD) as opposed to the 
specfie antibody (NR-M1-05), as previously described by 
Schr»ff et al," or the short duration and one-time exposure of 
the patient to the foreign protein. 

The use of ""Te has been shown to be advantageous over 


other radiolabeled isotopes because of its relatively short 


half-i 





fe (6.2 hours), low radiation exposure, and 140 keV 


gamma emission for which modern nuclear medicine gamma 


cameras have high-resolution and detection capabilities.” An- 
other advantage over iodine 131 or indium 111 is that tumor 
uptake is optimal within 5 to 7 hours after MoAb injection of 
""Te as opposed to 24 to 72 hours with I or "In." The 
problem of liver uptake is not seen with "Tc as it is with ™In- 
MoA» conjugates,” making *"Tc-labeled Fab fraction superi- 
or in detecting liver metastases. 

Detection of malignant melanoma with 99mTc-labeled Fab, 
NR-M1-05, is a sensitive, safe, and simple scanning proce- 
dure. It provides reliable information on the presence and 
absence of gross disease and, in some instances, the presence 
of occult disease. On preliminary investigation, this informa- 
tion is helpful in predicting prognosis and, in a small number 
of patients, making clinical treatment decisions. 
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Ja vitro activity does no! necessarily imply in vivo efficacy. 
'Before prescribing, please see brie summary of prescribing SmithKline Beecham 
information on adjacent page. Pharmaceuticals 


© SmithKlineEeechem, 1990 PHILADELPHIA, PA 19101 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 
TIMENTI sterile ticarcillin disodium for Intravenous 
and clavulanate potassium Administration 

INDICATIONS AND USAGE: TIMENTIN’ is indicated in the treatment 
of infections caused by pis desi strains of the designated 
organisms in the conditions listed below: 

erial Septicemia: including bacteremia, caus2d by B-lactamase 
producing strains af Klebsiella spp., E. coli, Staphylococcus aureus 
and Pseudomonas aeruginosa (and other Pseudomonas species). 
iratory infections: caused by B-lactamase producing 
strains of Staphylococcus aureus, Hemophilus influenzae and 
Klebsiella spp. Bone and Joint Infections: caused by §-lactamase 
roducing strains of Staphylococcus aureus. Skin and Skin Structure 
In ections: caused by f-lactamase producing strains of 
Staphylococcus aureus, Klebsiella spp., and E. coli. Urinary Tract 
ions (complicated and uncomplicated): caused by §-lactamase 
producing strains of E. coli, Klebsiella spp., Pseudomonas aeruginosa 
(and other Pseudomanas species), Citrobacter Spp., Enterobacter 
cloacae, Serratia marcescens, and Staphylococcus aureus. 
i : Endometritis caused by B-lactamase 
producing strains of 8. erige tothe Enterobacter spp. rd 
E. cloacae’), Escherichia coli, Klebsiella pneumoniae, Staphylococcus 
aureus, and Staphylococcus epidermidis. 

While TIMENTIN is indicated only for the conditions listed above, 
infections caused ticarcillin susceptible organisms are also 
amenable to TIMENTIN treatment due to its ticarcillin content. 
Therefore, mixed infections caused by ticarcillin susceptible organisms 
and B-lactamase producing organisms susceptible to TIMENTIN 
should not require the addition of another antibiotic. 

ADVERSE REACTIONS: As with other penicillins, the following 
adverse reactions may occur: Hypersensitivity reactions; skin rash, 
pruritus, urticaria, arthralgia, myalgia, drug fever chills, chest 
discomfort, and anaphylactic reactions. Central nervous system: 
headache, giddiness, neuromuscular hyperirritability or convulsive 
seizures. Gastrointestinal disturbances: disturbances of taste and 
smell, stomatitis, flatulence, nausea, vomiting and díarrnea, SUME 
pain. Hemic and Lymphatic systems: throm ocytopenia, leukopenia, 
neutropenia, eosinophilia-and reduction of hemoglobin or hematocrit. 
Prolongation of prothrombin time and bleeding time. Abnormalities 
of hepatic and renal function tests: elevation of serum aspartate 
aminotransferase (SGOT), serum alanine aminotransferase (SGPT), 
serum alkaline phosphatase, serum LDH, serum bilirubin. Rarely, 
transient hepatitis and cholestatic jaundice-as with some other 
penicillins and some cephalosporins. Elevation of serum creatinine 
and/or BUN, hypernatremia. Reduction in serum potassium and uric 
acid. Local reactions: pain, burning, swelling and induration at the 
injection site and thrombophlebitis with intravenous administration. 
Overdosage: As with other penicillins, TIMENTIN in overdosage has 
the potential to cause neuromuscular hyperirritability or convulsive 
seizures. Ticarcillin may be removed from circulation by hemodialysis. 
The molecular weight, mio of protein binding and pharmacokinetic 
profile of clavulanic acid together with information from a single 
patient with renal insufficiency all suggest that this compound may 
also be removed by hemodialysis. 

CONTRAINDICATIONS: TIMENTIN is contraindicated in patients 
with a history of hyper reactions to any of the NM ins. 

WARNINGS: SERIOUS AND OCCASIONALLY FATAL 
HYPERSENSITIVITY (ANAPHYLACTOID) REACTIONS HAVE BEEN 
REPORTED IN PATIENTS ON PENICILLIN THERAPY. THESE 
REACTIONS ARE MORE LIKELY TO OCCUR IN INDIVIDUALS WITH A 
HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR A HISTORY 
OF SENSITIVITY TO MULTIPLE ALLERGENS. THERE HAVE BEEN 
REPORTS OF INDIVIDUALS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE REACTIONS 
WHEN TREATED WITH CEPHALOSPORINS. BEFORE INITIATING 
THERAPY WITH TIMENTIN. CAREFUL INQUIRY SHOULD 3E MADE 
CONCERNING PREVIOUS HYPERSENSITIVITY REACT ONS TO 
PENICILLINS, CEPHALOSPORINS, OR OTHER DRUGS. IF AN 
ALLERGIC REACTION OCCURS, TIMENTIN SHOULD BE 
DISCONTINUED AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE 
EMERGENCY TREATMENT WITH EPINEPHRINE. OXYGEN, 
INTRAVENOUS STEROIDS, AND AIRWAY MANAGEMENT, INCLUDING 
INTUBATION, SHOULD ALSO SE PROVIDED AS INDICATED. 

PRECAUTIONS: While TIMENT!N possesses the character stic low 
toxicity of the penicillin group of antibiotics, organ system functions 
should be assessed periodically-during therapy. 

Bleeding manifestations have occurred in some patients receivin 
f-lactam antibiotics. These reactions have been associated wit 
abnormalities of coagulation tests such as clotting time, platelet 
aggregation and prothrombin time and are more likely to occur in 

atients with renal impairment. If bleeding manifestations appear, 

EUN treatment should be discontinued and appropriate therapy 
instituted. 

TIMENTIN has only rarely been reported to cause hypokelemia. 
Periodic monitoring of serum potassium may be advisable in patients 
receiving prolonged therapy. 

Pregnancy (Category B): Reproduction studies have been 
performed in rats given doses up to 1050 mo and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
TIMENTIN. There are, however. no adequate and well-cont-olled 
studies in pregnant women. Because animal reproduction studies are 
not always predictive of human response, this drug should be used 
durin pregnancy only if clearly needed. 

DOSAGE AND ADMINISTRATION: TIMENTIN should be 
administered by intravenous infusion (30 min.). Usual recommended 
dose for systemic and urinary tract infections for average (60 kg) 
adults is 3.1 Gm TIMENTIN (3.1 Gm vial containing 3 Gm ticarcillin 
and 100 mg clavulanic acid) nM every 4 to 6 hours. For gyneco.ogic 
infections TIMENTIN should be administered as follows: Moderate 
infections 200 mg/kg/day in divdec doses every 6 hours ano for 
severe infections 300 mg/kg/day, based on ticarcillin content, in 
divided doses every 4 hours. For patients weighing less than 60 kg, 
the recommended dosage is 200-300 mg/kg/day, based on ticarcillin 
content, given in divided doses ed 4 to 6 hours. In urinary tact 
infections, a dosage of 3.2 Gm TIMENTIN (3.2 Gm vial containing 3 
Gm ticarcillin and 200 mg clavulanic acid given every 8 hours is 
adequate. Please see official package insert for details on dosages for 
other patients, including those with renal insufficiency, and directions 


for use. 

SUPPLIED: 3.1 Gm and 3.2 Gm Standard Vials; 3.1 Gm and 3.2 
Gm Piggyback Bottles: 31 Gm Bulk Pharmacy Package; 3.1 Gm ADD- 
Vantage™ Antibiotic Vial. 

"Efficacy for this organism in this organ system was studied in fewer 
than 10 infections. — 7548/H-BS ©1990, Beecham Laboratories 


Reference: 
t. Data on file, Medical Department, SmithKline Beecham Pharmaceuticals. 
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Medicolegal Forms with Legal Analysis is the ideal resource 


for assembling the legal pieces of your physician-patient 
relations. This newly-revised single volume contains more 
than 80 sample forms developed by the AMA's Office of the 
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ince of Anatomic Site in Prognosis 


in Patients With Cutaneous Melanoma 


Jar H. Wong, MD; Leslie Wanek, PhD; Li-Jui C. Chang, MS; Tushar Goradia, PhD; Donald L. Morton, MD 


® To determine the prognostic relevance of the anatomic site 
of origin of cutaneous melanoma to survival, we retrospectively 
|. analyzed a computerized database of 3428 patients with stage | 
andil cutaneous melanoma. Patients were stratified by the recog- 
: . nized prognostic variables of stage of disease, Clark's level of 
Invasion of the primary lesion, and the nodal involvement at the 
time of lymphadenectomy. Melanoma arising in skin of the upper 
|. Partofthe back, back of the arms, neck, and scalp(BANS) region 
|. — Occurred more frequently in male than female patients. There 
were no statistically significant differences in the distribution of 
Clark's level of invasion of BANS and non-BANS region primary 
_ melanomas or in the extert of nodal involvement in patients with 
| s stage ll disease. The 5-year actuarial survival of patients with 
| stage | BANS region metinomas was 87%; stage | non-BANS, 
- . - 8996; stage ll BANS, 38%: and stage Il non-BANS, 69%. The BANS 
| region appears to have prognostic significance in cutaneous 

melancma and, particularly, in patients with stage li melanoma. 

(Arch Surg. 1991;126:486-489) 


erhaps the most notable clinical characteristic of melano- 
ma is its apparently unpredictable clinical course. Any 
observed difference in outeome in a disease with the biologic 
diversity of melanoma might be the result of either therapeu- 
< tic intervention or the differences in the prognostic character- 
-isties of the tumor. Numerous clinical and pathologie vari- 
-ables seem to influenee survival in patients with cutaneous 
melanoma. Inthe analysis of therapeutic impact, therefore, it 
is critical to be able to stratify patients on the basis of prognos- 
tie factors of significance. 
. Repeated analysis by multiple investigators’ has confirmed 
that pathologic features of the primary lesion as well as stage 
of disease have important prognostic value. In addition to 
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Clark's level of invasion,’ tumor thickness™ of the primary 
lesion, and stage of disease," a number of other clinical char- 
acteristics of melanoma have been identified as having prog- 
nostic value. These include age, sex, race, pregnancy, and. 
loeation ofthe primary lesion. The relevance of the majority of 
these clinieal variables to prognosis in melanoma continues to 
be debated. 

The anatomic site of origin of melanoma is widely believed 
te influence prognosis. Melanoma arising in mucous mem- 
branes is generally regarded as particularly aggressive and 
associated with a grave prognosis. A number of reports have 
suggested that the location of the primary melanoma is an 
independent predictor of patient survival.*"" When com- 
pared with similar patients whose melanomas arose in other 
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PATIENTS AND METHODS 
During the 18-year period between 1971 and 1989, a total of 3428 
patients with stage I and stage II melanoma were treated in the John 
Wayne Cancer Clinic at UCLA. Our surgical approach to" and adju- 
vant immunotherapy for" melanoma have been previously detailed. 
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sed tosi panai since 1975, when this method of microstaging 
eame into common use at UCLA. Computerized data on this patient 
- population has been entered, with the use of the original system for 
staging eutaneous melanoma in which stage I represents localized 
disease; stage II, regional metastatic disease; and stage III, distant 
metastases. 

Of the 2575 patients who T with stage I melanoma, 42% 
(1088 patierts) presented with their primary lesion in the BANS 
region. Fifty-three percent (1372) of the patients in stage I under- 
went wide excision alone of the primary lesion (clinical stage D, and 
47% (1204 patients) underwent immediate lymphadenectomy and 
were found to be without evidence of metastatic disease (pathologic 
stage I). The BANS region was defined as the skin of the upper part of 
<- the back, back of the arms, neck, and scalp and should be distin- 
© -guished fromthe original BANS deseription, which included only skin 
of the posterior part of the scalp and posterior part of the neck in 
‘addition to theskin of the upper part of the back and back of the arms. 
~ Ofthe 3428 patients, 852 (25%) were found at the time of immediate 
- or therapeuti¢ lymph node dissection to have regional nodal metasta- 
ses (stage II disease) Patients with regional node metastases were 
almost uniformly treated with adjuvant immunotherapy protocols. 
Patients who later developed advaneed metastatic disease were most 
commonly trezted with dacarbazine-based ehemotherapy. 

Survival curves were ealeulated on the basis of the method of 
Kaplan and Meier" and were determined from the time of diagnosis of 
the primary lesion in patients with stage I melanoma and from the 
time of diagnosis of regional node metastases in patients with stage II 
melanoma. A generalized Savage (Mantel-Cox) test was used to 
. determine the statistical differences between curves, and a x^ analy- 
-.... SiS Was used where appropriate. 


2 RESULTS 
. Age, Sex, and Stage at Presentation 
-The patients ranged in age from 14 to 99 years. The mean 


age of patients with melanoma arising in the BANS region 
was 45 years, and that for the non-BANS regions, 46 years. 





Table 1.—Distribution of BANS and Non-BANS Region 
Primary Moona by Clark's Level of Invasion for Stage | 
Melanoma* 


No. (%) 


qp enmt a rt taa tease sas 
Level 


; Levels 
. 1and2 3 4 


Level 


389 (31) 
425 (29) 


435 (40) 
577 (40) 


283 (26) 
407 (28) 


25 (3) 
42 (3) 





e 2 "B not X significant. ‘Clark's level was not determined in 42 patients. BANS 
eee indicates upper. back, back of the arms, neck, and scalp. 










Table 2. morem of BANS and Non-BANS Region 
Primary Melanoma by Tumor Thickness for Stage ! 
Melanoma* 


No. (96) by Thickness, mm 













0.75-1.49 
327 (33) 
426 (33) 







1.50-3.99 
252 (26) 
362 (29) 


4.0 
53 (5) 
55 (4) 


Total 
983 
1280 









| La 














There were 1866 male and 1562 female patients in this patient - 

population. Sixty-three percent of the patients with melano- 
mas inthe BANS region were male and only 37% were female, — 
in contrast to 48% of patients in the non-BANS group being _ 
male and 52% being female (P<.0001). 

There was no significant difference between stage at pre- 
sentation between patients in the BANS and non-BANS. 
groups. Twenty-four percent of patients (340 patients) whose 
primary melanomas arose in the BANS region presented with 
stage II melanoma, while 2676 (512 patients) of patients in the 
non-BANS group presented with stage IH disease. 


Distribution by Clark's Leve! 
of Invasion and Tumor Thickness 


The histopathologic variables of Clark's level of invasion 
and tumor thickness have proved to have significant prognos- > 
tic value.” Table 1 summarizes the distribution of BANS and. 
non-BANS region primary melanomas by Clarks level of |. 
invasion for patients with stage I disease. There was no | 
significant difference between the Clark's level of invasion of = 
BANS and non-BANS melanomas in stage I. Sixty-eight | 
percent of patients with stage I BANS disease had eitaer 
Clark's level 3, 4, or 5 lesions, while 69% of patients in the non- 
BANS group had similar primary lesions. Table 2 summarizes 
the distribution of BANS and non-BANS region primery 
melanomas microstaged by the method of Breslow. Agan, 
there was no statistically significant difference between the 
two patient populations. The correlation coefficient for tumor 
thickness and Clark's level of invasion was .697. 

Table 3 summarizes the distribution of BANS and non- 
BANS region primary melanomas by Clark's level of invasien 
for patients with stage II disease. Similar to these in stage 1, 
there was no statistically signifieant difference in the distri- 
bution between patients in the BANS and non-BANS groups. 
Fifty-nine percent of patients in the BANS group with stage 
II melanoma presented with Clark's level 3, 4, or 5 primary 
lesions, in contrast to 66% of patients in the non-BA NS group 
with simiiar primary lesions. Again, analysis of the tumor 
thickness revealed no statistically significant difference be- 


Table 3. — Distribution of BANS and Non-BANS Region 
Primary Melanoma by Clark’s Level of Invasion for Stage Hi 
Melanoma* 


Levels Level Level 
1 and 2 3 4 


Level 


BANS 
Non-BANS 
Total 


*P not significant. Clark's level was not determined in 51 patients. BANS 
indicates upper back, back of the arms, neck, and scalp. 


Table 4. — Distribution of BANS and Non-BANS Region 
Primary Melanoma by Tumor Thickness for Stage Il 
Melanoma* 

No. (%) by Thickness, mm 


0.0-0.749 0.75-1.49 1.50-3.99 40+ ‘Total 
24 (9 69 (25) 128 (46) 55 (20) 276 
Non-BANS 35 (11) 79 (25) 139 (44) 62 (20) 315 
Total 59 148 267 117 591 - 


*P not significant. BANS indicates upper back, back of the arms, neck, and 
scalp. 


BANS 
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Table 5.—Distribution of Nodal Involvement of BANS and 
Non-BANS Region Primary Melanoma* 
No. 


2-4 Nodes 5+ Nodes 


BANS 132 75 
Non-BANS 183 121 





*P, not significant. BANS indicates upper back, back of the arms, neck, and 
scalp. 


tween patients in the BANS and non-BANS groups with 
stage II disease (Table 4). Again, there was good correlation 
between the tumor thiekness and Clark's level of invasion 
(correlation coefficient, .498). 


Extent of Nodal Involvement in Stage Il 


Eight hundred fifty-two patients developed stage II mela- 
noma. Forty percent of these patients (340 patients) devel- 
oped their primary lesions in skin of the BANS region. The 
number of nodes involved with metastatic melanoma has 
proved to be highly prognostic.’ Table 5 summarizes the 
extent of nodal involvement of patients with stage II melano- 
ma. There was no statistically significant difference between 
the nodal involvement with metastatic melanoma of patients 
whose primary lesions arose in BANS and non-BANS 
regions. 

Survival 


As might be anticipated, the overall 5-year actuarial sur- 
vival of patients with stage I melanoma was excellent. The 
5-year survival for patients with stage I melanomas in the 
BANS region was 87%, and for those in the non-BANS re- 
gion, 89%. With the large sample size, this difference at 
9 years approached statistical significance (P — .0842), sug- 
gesting that the BANS region has prognostic value (Fig 1). 
Because the gender of the patient may have prognostic signif- 
icance in cutaneous melanoma, we attempted to determine 
what impact, if any, it might have on outcome. With a step- 
wise regression procedure, based on Cox's proportional haz- 
ard regression model, it becomes apparent that any potential 
survival advantage enjoyed by patients with non-BANS re- 
gion stage I melanoma can be attributed to the favorable 
impact of the predominance of female gender in that 
population. 

There was a statistically significant (P = .002) survival ad- 
vantage in patients with stage II melanoma whose primary 
lesions arose in a non-BA NS region as compared with patients 
with stage II melanoma whose primary lesions arose in the 
BANS region. The overall 5-year survival was 51% (median, 
67 months) for patients with non-BANS lesions and 39% 
(median, 38 months) for patients with BANS lesions. To 
determine whether the predominance of male patients among 
those patients whose melanomas arose in the BANS region 
migh: impact on outcome, a statistical analysis similar to that 
performed in patients with stage I disease to control for this 
variable was performed. Although the gender of the patients 
did have a significant influence on outcome, this variable alone 
did not account for the statistically significant improvement 
in survival of patients whose melanomas arose in the non- 
BANS region when compared with patients whose melano- 
mas arose in the BANS region. 


COMMENT 


In this report, we retrospectively reviewed records of pa- 
tients whose melanomas arose from the skin of the upper part 
of the back, back of the arms, neck, and scalp and compared 
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Months of Follow-up 


Fig 1.—Actuarial survival of patients with stage | melanoma. The 
5-year Survival of patients whose melanomas arose in the upper back, 
back of the arms, neck, and scalp (BANS) region (triangles) was 87%, 
and that for the non-BANS region (squares), 8996 (P — .082). 


96 Survival 
eo 
[91] 
eo 
eo 





0 24 48 72 96 120 144 168 192 216 


Months of Follow-up 
Fig 2.—Actuarial survival of patients with stage II melanoma. The 
5-year survival of patients whose melanomas arose in the upper back, 
back of the arms, neck, and scalp (BANS) region (triangles) was 39%, 
and that for the non-BANS region (squares), 51% (P=.0026). The 
survival advantage of patients in the BANS group is independent of the 
effect of gender. 


them with patients whose melanomas arose from other cuta- 
neous sites. Although male patients were found to have cuta- 
neous melanomas in the BANS region far more frequently 
than female patients did, there was no other statistically 
significant difference between patients whose melanomas 
arose in BANS and non-BANS regions for those prognostic 
features generally recognized as being important in cutane- 
ous melanoma, including stage of disease, Clark’s level of 
invasion, tumor thickness, and nodal involvement. The re- 
sults demonstrate that patients with stage II disease whose 
melanomas arose in the BANS regions have a worse progno- 
sis than their counterparts whose melanomas arose in non- 
BANS regions and suggest that this should be an important 
factor in the stratification of patients for study. In contrast, 
patients with stage I disease whose melanomas arose in the 
BANS region fare no worse than their counterparts in the 
non-BANS group. 

A multifactorial analysis’ has proved to be a powerful sta- 
tistical method to help delineate variables with independent 
prognostic value. Repeated analyses both in our series” and 
others have demonstrated the dominant prognostic factors to 
be pathologic stage’ and histopathologic characteristics of the 
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ns.'* In this analysis, we examined the patient 
or those dominant prognostic factors. Our re- 
trate that cutaneous melanomas arising in the 
on-BANS regions are not statistically different 
et to stage at presentation, Clark's level ef inva- 
tumor thickness, or nodal involvement at the time of 
1adenectomy. Male patients, however, compose a sub- 
-stantially greater proportion of the population in the BANS 
^ group than in the non-BANS group. | 
=o To determine whether the site of origin of the primary 
melanoma has an impact on outcome independent of the gen- 
der of the patient, further analysis using a stepwise regres- 
sion procedure based on Cox's proportional hazard model was 
performec to eontrol for the gender of the patient. In patients 
with stage I disease, the minimal improvement in survival in 
the non-B ANS region population could be attributed to the 
predominance of male patients in this population. However, 
this analysis demonstrated that the site of origin was a signifi- 
`- cant prognostic variable for patients with stage II melanoma. 
"The prognostic significance of the anatomic site of origin of 
melanoma as been suggested by several investigators. Mela- 
noma arising in mucous membranes has generally been ac- 
cepted to have an extremely poor prognosis.” Most investiga- 
tors have suggested that patients whose melanomas arise on 
an extremity have a more favorable prognosis than patients 
whose melanomas arise on the trunk."" Still others have 
found that melanomas arising from the scalp and head and 
neck regiom have a much worse prognosis than those with 
other cutaneous sites of the body. ^" Day et al" proposed that 
“thin” level IV melanomas arising in the BANS region were 
associated with an unanticipated mortality. Our data support 
;  theconcept that the BANS region, as originally proposed by 
HF Day and coworkers, is an important prognostic feature in 
stage II cutaneous melanoma. 
- The prognostic significance of the anatomic site of origin of 
cutaneous melanoma in stage II patients, although generally 
































accepted, remains unexplained. Day et al" suggested that the 
location on nonvisualized surfaces might lead to lesions that. 
have been ignored for longer periods than lesions on other 
body surface sites. Others have suggested that the complex 
lymphatic drainage, particularly of the trunk and scalp, might 
lead to early dissemination and a poor prognosis." These 
hypotheses, however, do not seem to be supported by obser- 
vations in our patient population, in whom (1) nodal metasta- 
ses were no more frequent in patients whose melanomas arose 
in the BANS region than in non-BANS regions and (2) the. 
incidence of Clark’s levels 3, 4, and 5 lesions in the BANS an 
non-BANS regions was not significantly differen 
statistically. = 

When melanoma arising in the BANS region does metasta- 
size to regional lymph nodes (stage II), it clearly has a sub- — 
stantially greater propensity to disseminate hematogenously — 
and is less likely to be controlled with lymphadenectomy 
alone. Since these lesions appear not to be diagnosed lateror = 
present at a more advanced stage, the biologic character of —. 
melanoma arising in the BANS cutaneous sites may be more: 
aggressive than that of melanoma arising at other sites. This 
same survival advantage in non-BANS sites is not observed in 
stage I melanoma and probably represents the fact that the 
prognosis of these patients is excellent and that any adverse 
effect on outcome that might result from the location of the 
primary lesion is not demonstrated. 

The results in this report represent one of the largest single 
institutional experiences in the management of cutaneous 
melanoma. The anatomic site of origin of primary cutaneous 
melanoma appears to provide important prognostic informa- 
tion in stage II melanoma. Patients with nodal metastases 
from cutaneous melanoma arising in the BANS region appear 
to have a significantly poorer prognosis than do their counter- | — 
parts whose melanomas arose in the non-BANS region. The — 
anatomic site of origin should be considered in stratifying 
patients for adjuvant therapy protocols. 
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* Residual microscopic disease after lumpectomy for breast 
cancer may cause significant local recurrence. We evaluated one 
hundred fourteen consecutive breast lumpectomy margins in 

this study by touch preparation cytology. Cytologic preparations 
|^. were intraoperatively correleted with gross and frozen section 
results anc subsequently with permanent histologic sections of 
-< representative margins. Three specimens were cytologically un- 
Satisfactory and 86 yielded benign findings, while material sug- 
gestive or diagnostic of malignancy was obtained from 25 speci- 
“mens. Gross, frozen section, and permanent histologic margins 
were positive in 10, 17, and 22 cases, respectively. There were 
three false-positive touch preparation cytologic results, while 
-frozen section specimens were false-negative in five cases. Sen- 
<:> sitivity and specificity of touch preparation cytology were 100% 
and 96.6%, respectively, with a diagnostic accuracy of 97.3%. 
Touch preparation cytologic examination rapidly and reliably 
evaluates lumpectomy margins and overcomes sampling errors 
. ., and artifacts related to frozen section evaluation. This technique 
|... Currently complements frozen section evaluation of lumpectomy 
| . margins as part of a protocol aimed at reducing local recurrence 
“Of breast cancer. 
c. (Arch Surg. 1991:126:490-493) 













A local recurrence rate of up to 25% 6 years after lumpec- 

"A tomy: and radiation therapy may be the result of residual 
microscopic disease at the time of resection. Therefore, 
examination of lumpectomy margins forthe presence of tumor 
celis has become part of many protocols aimed at improving 
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local control." The careful evaluation of pathologic margins in 
breast cancer lumpectomy specimens is fraught with several 
serieus problems. Gross evaluation will lead to an area close to 
the tumor margin, while frozen section examination provides 
an aceurate assessment of grossly defined margins. However, 
these methods assess little more than 10% to 15% of the 
surface area in a given lumpectomy specimen within the time 
constraints of intraoperative evaluation. Carter' has proposed 
parallel sectioning of the entire outer surface of lumpectomy 
speeimens for complete histologic evaluation. Fisher et al’ 
have recommended sectioning lumpectomy specimens in sev- 
eral different planes to topographically localize tumor cells in 
representative margins. These techniques, while aecurate, 
analyze surfaces on permanent histologic sections. Gal’ has 
applied the scraping technique of Shidham et al’ for rapid 
cytologic evaluation of the resection cavity. This study intro- 
duces touch preparation cytology as a rapid alternative tech- 
nique for evaluating microscopic disease in breast lumpec- 
tomy margins. 


MATERIALS AND METHODS 


We reviewed 162 cases of breast conservation surgery from No- 
vernber 1984 through April 1990. From January 1987 to April 1990, 
114 patients were evaluated prospectively. The patients’ conditions 
were diagnosed previously using fine-needle aspiration cytology or 
open biopsies, and included 82 infiltrating ductal carcinomas, 24 

intraductal carcinomas, two lobular carcinomas in situ, four infiltrat- 
ing lobular carcinomas, and two mixed infiltrating ductal and lobular 
carcinomas. The prospective comparison of gross, frozen section, 
cytologic, and permanent histologic evaluations of breast lumpec- 
tomy margins was done to ascertain diagnostic accuracy of these 
techniques. 

inthe initial phase of our study, we attempted to recover mali ignant 
cells from resected margins by dipping the entire specimen in bal- 
anced salt solution. Exfoliated. cells were then cytocentrifuged and 
stained with Papanicolaou's method (Fig 1). However, this technique 
was not used further beeause it proved to be time consuming and did 
not provide an exaet topography of involved margins. The protocol 
ultimately adopted is illustrated in Fig 2. 
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Fig 1.—Flow chart for cytologic evaluation of lumpectomy margins. 


The asterisk indicates that the turnaround was less than 15 minutes, 
and the broken line, the initial phase of the study. 





Fig 2.— Schematic diagram of touch preparation cytology of lumpec- 
tomy specimens. Lumpectomy margins were first oriented by various 
sutures (left) and then sampled by touch preparation cytology (right). S 
indicates superior; M, medial; D, deep; |, inferior; L, lateral; and T, 
tumor. 


During surgery, specimen margins were oriented as superior, 
medial, lateral, inferior, or deep as indicated by various sutures. 
After slides were labeled, corresponding cellular samples were ob- 
tained from these sites by touch preparation cytology (Fig 2). Ap- 
proximately four to six slides were used for a lumpectomy specimen 
5 em in diameter. An additional touch preparation slide of the tumor 
itself was used as a positive cytologic control for comparison with the 
slides of the resected margins. Air-dried samples were stained imme- 
diately using the Diff-Quik method (Baxter Healtheare Corp, Dade 
Division, Miami, Fla). Final cytologic results were rendered within 
15 minutes during surgery. Diagnostic categories used in reporting 
cytologic findings included unsatisfactory, negative, atypical, suspi- 
cious, or malignant. In the data analysis, atypical cases were included 
in the negative category, while suspicious cases were consicered 
malignant. Similarly, from a management perspective only, suspi- 
cious and malignant categories were used by the surgeons &s an 
indication to obtain additional margins. 


RESULTS 


One hundred fourteen patients ranging in age from 29 to 89 
years (mean age, 58.36 years) were prospectively evaluated 
using touch preparation cytology. These included 82 infiltrat- 
ing ductal careinomas, 24 intraductal carcinomas, two lobular 
carcinomas in situ, four infiltrating lobular carcinomas, and 
two mixed infiltrating ductal and lobular carcinomas (Fig 3). 
Of the 114 lumpectomy specimens evaluated, three were 
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Fig 3.—Pie chart of tumor types of 114 specimens. 










Table 1.—Correlation Between Gross, Frozen Section, 
Permanent Histologic, and Touch Preparation 
Cytologic Examinations of Lumpectomy Margins 


Type of Examination 






Frozen 
Margins Gross Cytologic Section Permanent 


True-positive 10 22 17 22 
True-negative 86 86 89 89 
False-positive 3 3 0 2 


False-negative 12 0 5 RA 


categorized as unsatisfactory and excluded from analysis. We 
noted that the surfaces of the first two specimens were dried 
due to delay in transportation, while the third specimen ex- 
hibited a folded and retracted surface over an underlying 
tumor. 

Tumors extended to gross margins in 10 of 111 cases, while 
frozen section analysis detected malignancy in 17 cases (Table 
1). Touch preparation cytology of lumpectomy margins yield- 
ed 86 benign findings, including 44 with normal ductal cyto- 
logic findings, 25 with fibrocystic changes (eight with associ- 
ated atypical ductal hyperplasia), and 17 with changes of fat 
necrosis (Figs 4 and 5). There were eight fibrocystic changes 
with associated atypical ductal hyperplasia. Malignant cellu- 
lar material was identified in 25 lumpectomy margins, includ- 
ing 23 ductal and two lobular carcinomas (Figs 6 through 8). 
Examination of permanent histologic specimens revealed 
positive margins in 22 of 111 lumpectomy specimens. 

There were three false-positive cases evaluated with touch 
preparation cytology in which malignant cells were detected 
in one margin, while frozen and permanent sections of sam- 
pled margins disclosed no tumor involvement. The histologic 
diagnoses for these cases included one multifocal intraductal 
carcinoma and two infiltrating ductal carcinomas. In the lat- 
ter case, tumor cells were present within 1 mm of an other- 
wise histologically negative margin. 

In two cases, malignant cells were correctly identified us- 
ing touch preparation cytologic examination in one margin 
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Fig 5.—Touch preparation cytologic and histologic features of fat 
necrosis. 
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Fig 6.— Touch preparation cytologic (left) and corresponding histolog- 
ic (right) features of intraductal carcinoma (left, Diff-Quik, original 
magnification x 630; right, hematoxylin-eosin, Original magnification 
x 400). 


while frozen section and permanent histologie examination 
showed an infiltrating ductal carcinoma approaching, but not 
directly involving, the sampled margins. On further review, 
permanent sections of tumor cells were identified with histo- 
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Fig 7.— Touch preparation cytologic (left) and corresponding histolog- 
ic (right) features of infiltrating ductal carcinoma (left, Diff-Quik, original 
magnification x 630; right, hematoxylin-eosin, original magnification 
x 100). 








Fig 8. — Touch preparation cytologic (left) and corresponding histolog- 
ic (right) features of infiltrating lobular carcinoma (left, Diff-Quik, origi- 
nal magnification x 400; right, hematoxylin-eosin, original magnifica- 
tion x 400). 


Table 2. — Analysis of Touch Preparation Cytologic 
Examination of Lumpectomy Margins 


Variable 96 






Sensitivity 100 
Specificity 96.6 
Diagnostic accuracy 97.3 
Positive predictive value 







Negative predictive value 





logic examination at the cytologically positive margin. Using 
the predictive value of Galen and Gambino (Table 2), the 
sensitivity and specificity of touch preparation eytology of 
lumpectomy margins were 100% and 96.6%, respectively, 
with an overall diagnostic accuracy of 97.3%. The predictive 
values for cytologically detected absence and presence of 
tumor cells were 88.0% and 100%, respectively. 


COMMENT 


The results of this study show the following about touch 
preparation cytology: (1) it topographically evaluates the out- 
er surface of lumpectomy margins; (2) it is highly reliable in 
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. of breast lumpectomy margins, and (4) it 
oed for repeated resections of histologically 
18 as a Separate operative procedure. 
accurate histologic assessment of breast lump- 
s in preventing local recurrence has been docu- 
set al’ reported a local recurrence rate of 287% 
ectomy without radiation therapy, with 71% of 
es associated with positive margins. Harris et 
cal recurrence rate of up to 25% in a retrospec- 
ases in which margins were positive for intra- 
ase. In the National Surgical Adjuvant Breast 
Prospective Randomized Clinical Trial, Fisher et al’ 
reported a local recurrence rate of 10% following lumpectomy 
© with radiation therapy when margins were negative. These 
^ data suggest the progressive improvement in local recur- 

























Various techniques have been described to evaluate surgi- 

eal margit s. Carter's’ method evaluates the entire resection 
margin in permanent sections. The method of Fisher et al’ is 
useful in detecting the tumor proximity to margins in repre- 

-sentative frozen sections. Shidhamet al’ describe a method of 
scrape eytology that evaluates the entire outer surface of the 
lumpectomy margin. This last technique may cause cell dam- 
age and harvest ceils at some distance from the true margins if 
vigorous seraping is applied. We attempted to avoid the 
potential pitfalls of these techniques by applying intraopera- 
tive touch preparation cytology. 

Using this method, one false-positive case was associated 
with multifoeal intraductal carcinoma, suggesting random 
harvesting of intraductal foci by cytologic but not histologic 

evaluation. In the other false-positive cases, it was not clear if 
© the diserepancy between cytologic and histologic findings was 








|. dueto cells below the true resection margin. When comparing 
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Surgical Anatomy Question 


The muscles of facial expression arise from the second branchial arch, are supplied by the 
seventh nerve, and are disposed around the apertures of the face. [True or False?] 


1. Grant JCB. A Method of Anatomy. 5th ed. Baltimore, Md: Williams & Wilkins; 1952:587. 


























touch preparation cytology with permanent section histclogy 
it is possible that the touch preparation technique may be 
more accurate than permanent section evaluation since ito 
evaluates the entire resected surface. In addition, three cases. 
were categorized as unsatisfactory. ; 

Therefore, touch preparation cytology is not totally free of 
technical artifacts, such as those related to surface irregu ar- 
ity and dryness. Subsequent to these artifacts being identi- 
fied, new methods of transport of lumpectomy specimen 
have been instituted, and this is no longer a problem. How- 
ever, it remains to be seen if such pitfalls may be avoided by 
other technical modifications, including stretching the lum- 
pectomy surface or aerosol moistening of the surfaces with - 
balanced salt solution. | | 

Touch preparations and final cytologic reports of lumpec- 
tomy margins can be rendered within 15 minutes, in contrast- 
to approximately 10 minutes for a single representative fro- _ 
zen section. Touch preparation cytology is simple and reliable . 
and has high diagnostie accuracy. The technique overcomes — 
frozen section sampling errors and artifacts related to faz and 
calcifications. The technique further reduces medical costs - 
and the need for reoperation for resection of histologically — 
involved margins. Steen: condi duo M 

At our institution, touch preparation cytology is an integral 


part of intraoperative management of breast censervation 
therapy since we believe this technique identifies microseopic | 
disease not always detectable grossly or by frozen section — 
evaluation. Although not the focus of this report, teuch prepa- 
ration cytology appears to have affected overall ocal recur- 
rence rates favorably in this series. Two of 162 patients who 
underwent lumpectomy have had documented recurrences 
(mean follow-up, 3.2 years), both of whom had margins evalu 
ated before the introduction of touch preparation eytology. 
Prospective studies should confirm our original hypothesis 
that cytologic evaluation of lumpectomy margins will play an. 
impor:ant role in reducing local recurrenee with breast con- 
servation therapy. x 
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urgeons, Surgery, and Immunomodulation 


. Jonathan L. Meakins, MD, DSe 


* With the definition over the past 15 years of the altered 
immune state of surgical patients as a resuit of disease itself and 
|... Surgical therapy, there have been multiple approaches to the 
. moduiation of immune status in experimental or clinical situa- 
. . Mons, but with conflicting or unhelpful results. The variable that 
(5 has never been assessed is the significance ofthe surgeon as an 
.. .immunomodulator. The expediency and the quality of the surgi- 
_ cal act in a veriety of surgical diseases have a positive effect on 
_. the immune system. Indeed, the data indicate that correction of 
shock, drainage of infection, excision or drainage of necrotic 
3 material, restoration of body composition, and solid basic care 
all have a positive influence on patients’ immune responses. An 
|o mmunomodulator might get credit if the role of surgical care is 
^... not properly assessed. A framework fer the study of immu- 
.  .nomodulators with the integration of clinical behavior is 
| .. outlinad. 
(Arch Surg. 1991 ;126:494-498) 


È T infectious complications of surgical illness and trauma 
p continue to have a major impact on morbidity and mortal- 
ity. Advances in treuma care and a clearer understanding of 
| the physiologic characteristics of surgery, shock, and surgical 
illness have led to increased sal vage of early mortal illness and 
Injury, but zt a cost in late complications, such as multiple- 
System orgzn failure and the septic syndrome. Controi of 
infection and infectious complications remains, therefore, an 
important objective. 
|. Most surgical patients are widely acknowledged to have 
some reduction of host resistance because of underlying or 
primary significant diseases, operation(s), trauma, and/or 
comp ications; therefore, they should be considered immuno- 
compromised. This state has lead to a searet by many groups 
for an immunomodulator, a “Holy Grail," to correct this 
state, a quest that to present has not been successful. Sur- 
geons and surgery will be shown to have an important influ- 
ice on host factors that can contribute to the reduction of 
fection and its impact on morbidity and mortality, indieat- 
g that the immunomodulator is quality and details of care. 
ntil these clinical aspects of modification of host responses 
arly understood and standardized, pharmacologic mod- 
imust be viewed with some skepticism. 
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THE SURGICAL PATIENT: AN ALTERED HOST 


Acquired immunodeficiency is a common, almost normal 
state for surgical patients.’ Descriptive immunological stud- 
ies of a wide variety of surgical diseases,” trauma of all types,” 
and operations" and their complications?" have demon- 
strated a broad-based set of abnormalities that touch all 
aspects of the immune response. Who has these abnormali- 
ties? Do they really matter? The answer to the first question 
is that patients likely to have significant changes in immune 
response can be identified either by classification in a popula- 
tion known to be abnormal —burns, major trauma, malnutri- 
tion, or septie complications —or by the presence of abnormal 
skin test results, which, while they do not identify defects, 
indicate which patients are likely to have defects in host 
defenses,*'^" Patients known to be abnormal already do bene- 
fit from clinical immunomodulation; clinical practice has 
adapted to many aspects of these patients and not only 
restores immune responses but also restores the patients to 
health. Patients with abnormal skin test results are likely to 
be an appropriate population for the study of immunomodula- 
tion. However, before this is possible, better criteria are 
needed for the patient truly at risk for septic morbidity and 
mortality. 

Does it matter that surgical patients have major immune 
defects? The clinical evidence seems overwhelming but does 
suffer from “being associated” with complications, ^*^? Dj- 
rect cause and effect have been hard to prove but have been 
seen most convincingly when surgery and its adjuvant thera- 
py have restored immune responses along with health." The 
concordance of acquired defects and septic deaths has been 
recently shown by Moss et al.” The determinants of infection 
provice a useful framework to integrate clinical approaches to 
show that surgeons and surgery can be immunomodulatory. 


THE DETERMINANTS OF INFECTION 
The development of an infection is a dynamie process in- 


volving many factors that can be classified into three determi- 
nants: (1) the microorganism(s) producing the infection, . 


(2) the environment in which infection takes place —the local 
. defenses, and (3) the kost defense mechanisms, the systemic 


responses to bacteria established in tissue —the immune sys- 


. tem." There is normally a continuing interaction among these 
— factors; there are frequent breaks in mucosal and cutaneous 


ough organisms are present, do not become 
tion, the commensal flora prevent pathogenic 






e organisms from vading, and those that do invade are dis- 
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High 


Neutropenic 
Patient . 


Probability of Infection 


Low 
Small Large 

Bacterial Inoculum 

The anergic patient represents the surgical patient at increased risk of 

infection. As host defenses approach normal, resistance to infection 

increases, and a larger inoculation can be tolerated with a low inci- 

dence of infection. 


persed by local (environmental) and systemic responses. 
There is a dynamic balance between the determinants. 

If all the interwoven factors could be identified and weight- 
ed, an equation would result. 


P (infection) = K + A (bacteria) + B (environment 
[local factors]) + C (host defense 
mechanisms [systemic factors ]) 


The schematic approach is presented to introduce the con- 
cept of sepsis as a process in which the surgeon can and indeed 
does influence each determinant.’ All surgeons have been 
faced with the patient who appeared to have a negligible 
injury or a good operation but who rapidly dissolved in pus. 
Any one of the three determinants might be responsible: an 
extraordinarily virulent organism, a technical error, or ab- 
normal resistance to infection, with an inability to contain 
even the slightest microbiologic contamination. More likely, a 
combination of small abnormalities in two or even three deter- 
minants is responsible. 


CLINICAL MODULATION OF THE IMMUNE RESPONSE 


The surgeon wears two hats: one as the physician required 
to manage all the needs of his or her patient, and the other as 
the physician who can perform an operation and fix the prob- 
lem. Both roles can have profound implications for the im- 
mune system. Before immunomodulation can be considered 
as a pharmacologic issue, it must be examined from a clinical 
point of view. Clinically, it seems obvious that correction of 
the etiologic or underlying factors that led to the anergic 
immunocompromised state might improve the situation. 
Therein lies one ofthe great values of descriptive biology. The 
benefits are seen by changes in clinical behavior. 


The Surgeon as Immunomodulator 


If the term anergic patient is used to represent the compro- 
mised surgical patient, the Figure represents the clinical 
challenge. The challenge is to take a patient with a high 
probability of infection and care effectively for this problem 
without causing infection. Years of discussion have changed 
behavior, and it is useful to show that clinieal apprcaches 
change to meet a better understanding of a problem. The 
clinical goal is to move the region indicating increased suscep- 
tibility to infection (*Anergie Patient" in the Figure) to the 
right (toward *Normal Host"), allowing the patient to cope 
with a larger inoculum of bacteria while having the same or a 
lower risk of infection. The first step is a nonoperative ap- 
proach to modulating the host. 

There have been significant changes in the approach to 
preoperative assessment in recent years. The approach to the 
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cardiovascular system has changed radically since Go.dman 
et al^ clearly defined risk factors and has changed further 
since the studies of Del Guercio." The maintenance or restora- 
tion of normal physiologie characteristics — here, blood vol- 
ume, oxygenation, and perfusion — becomes the key to pre- 
venting complications. Hunts wor 8 demonstrating the 
importance of Pao, and tissue oxygen levelsin wound healing 
and resistance to infection extends the importance of main- 
taining and supporting normal physiologic characteristics. 

Inthe traumatized or bleeding patient, rapid resuscitation, 
eontrol of blood loss, and restoration of blood volume are the 
key elements to avoid late ischemic effects, such as acute 
tubular necrosis, peripheral ischemia, stroke, myocardial in- 
farction, intestinal ischemia with ulcers, adult respiratory 
distress syndrome, and multiple organ failure. *'There isclear 
evidence that resistance to infection is altered at the time of 
shock and for up to 5 days after shock." In both time frames 
there is an inoculum effect; that is, infection rates are marked- 
ly altered by numbers of bacteria. Shocked animals require 
many fewer organisms to generate infection compared with 
normal animals.” These results would be expected in the 
short term, because altered perfusion decreases the inflam- 
matory response and resistance to infection at the time of 
contamination."* However, the resistance to infection is re- 
duced for up to 5 days. This effect can only be meciated 
through a significantly altered systemic immune response, as 
all local perfusion defects will have long been corrected. These 
observations are further supported by Rush et al,”** who 
have shown the role of shock in the development of systemic 
infection in humans and animals. Hemorrhage has also been 
shown, as a function of volume of blood loss and transfasion 
requirements, to be associated with anergy.” 

The implications for care are clear. Bleeding and trauma, 
the basic causes of shock, usually require a surgical solution. 
Resuscitation and management of the bleeding source with 
speed and efficacy are critical to reducing the late systemic 
effects of shock. Prevention and control of hemorrhage in the 
operating room is crucial both for early and late effects. Once 
shock has occurred, the surgeon must behave as if the patient 
were immunocompromised, with alterations of both loca! and 
systemic host resistance. 

The incidence of postoperative infections — wound, uri- 
nary, and pulmonary —have been substantially reduced over 
the last 15 years.” Antibiotics are a part of the improve- 
ment, but the totality of preoperative and postoperative care 
has improved significantly. The literature abounds with re- 
ports of major operations that in the past were associated 
with major infectious morbidity and mortality now being done 
with vastly improved results and much reduced rates of infec- 
tion.?? The aspects of care responsible for the improvement 
include the following: better fluid management, maintenance 
of tissue perfusion and oxygenation, early mobilizaticn, a 
better understanding of metabolism, and preoperative 
preparation. 

A fine example of the efficacy of total eare is seen ir the 
management of Crohn's disease by Hill et al.” They integrate 
preoperative preparation, drainage, details of care, control of 
inflammation, and nutritional support with eventual surgical 
repair, and their results are excellent. Patients with Crchn's 
disease, when ill, are known to have major abnormalities in 
their immune systems that correct themselves following con- 
trol of the disease by either medical or surgical therapy (Table 
1). The appropriate treatment modulates the immune re- 
sponse and should be thought of as a biologic response modifi- 
er. Controlling the disease controls its expression, one aspect 
of which is immunosuppression. 

Control of the stress response—the inevitable reaction to 
trauma, surgery, and infection—has been shown recently to 
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Table 1.—The Effect on immunity of Therapy 
for Crohn's Disease 





Treatment 


Severity of disease by Crohn's 
disease activity index* 

Skir test results, No. of patients 

Ractive 

Relative anergy 


341.2 +33.0 63.7 +23.1 















Neutrophil chemotaxis, um* 
Neutrophil delivery 
te skin windows, x t0°* 
6h 0.5 50.2 
12h 25.2+ 12.5 


"Values are mean + SD. 


103.7 «3.2 126.6 - 2.3 


11.4+2.0 
144.4>23.1 















be feasible." While this may be a two-edged sword, as 
manipulating biclogy always is, the benefits may be signifi- 
cant for patients with respect to improved control of infection, 
decreased catabolism, and earlier return to function. N utri- 
tion," prostaglandin inhibitors,” and regional anesthesia" 
can a.l influence the stress response, as, indeed, ean control of 
infection. 

The failure of immune responses can perhaps be best seen 
in a patient with persistent tertiary peritonitis,” in which the 
peritoneum is unable to localize infection or produce pus, 
leading to athin, watery peritoneal fluid and no localization or 
fibrin formation. Wound granulation tissue appears un- 
healthy, with a pallid, ragged look and no evidence of healing. 
During the period required to control the infection and re- 
move neerotic material, supportive care, particularly nutri- 
tion, is mandatery to maintain the patient's hypermetabo- 
lism. With control of infection, le, supportive care, dressings 
and drainage (open or closed), nutrition, and antibiotics, 
there is a sudden, dramatic change in the appearance of the 
wound's granulation tissue, and fibrous adhesions develop in 
the peritoneum. The frequency of dressing changes can be 
seen to influence the response. When the frequency of dress- 
ing changes is inadequate, hypermetabolism and organ fail- 
ure occur, clearing with better wound management and con- 
trol ef the local infection. 

Nutrition is believed in but not completely proved as an 
. Immunomodulator.** There can be no doubt of its importance 
in supportive care of the critically ill and in the maintenanee or 
-restoration of body composition. Nutrition has great impor- 

-tance in underdeveloped countries. Refeeding can exacerbate 
_ the signs and symptoms of infection by restoring the host's 
; response to infection. The use of specific amino acids is show- 
ing promise, specifically glutamine? and arginine." The data 
. 8re promising and the maintenance of fuel and energy re- 
. quirements” is essential, but the exact role of nutrition per se 
_ &nd of specific nutrients as immunomodulators is uncertain 
_ &nd requires further exploration.” 


Surgery as immunomoduiation 


— The surgical act modifies the immune response. There is a 
wealth of data showing that surgery, as a function of its 
- duration, complexity, and magnitude. directly influences the 
immune reactions."? Surgery is immunosuppressive. In this 
-eontext, the quality of surgery can significantly influence the 
development of infections and other complications. 

.. The importance of the surgeon and technique can best be 
_ seen in the interplay between the determinants of infection 
_ and the surgeons role in prevention of wound infection.” With 
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Table 2. — Definitive Therapy and Recovery 
of Skin Test Responses 






improvement in 





























Skin Test Results 
rmm Temm Pe m 
No. of Mean No. 
Operation Patients of Days 
Biliary tract surgery 11 5.7 


Resection of colon cancer 6.6 
Relief of bowel obstruction 
Corrrol of hemorrhage 
Miscellaneous 


preoperative care, the surgeon can give his or her patient the 
best chance to resist infection by improving host variables and 
dimin:shing potential bacterial contamination. In the operat- 
ing room, bacteria ean be controlled; an operation done per- 
fectly leaves a wound that is best able to resist infection. For 
example, in a patient with 12 hours of fecal peritonitis, the 
wound should not be closed primarily. Infection rates are 50% 
to 70%, and infection has important sequelae. Cruse” and 
Olsen et al" have shown that keeping individual surgeons 
informed of their wound infection rates keeps infection rates 
low. Hemostasis has been shown by Polk and Lopes-Mayor* 
to be critical to the number of bacteria required to infect a 
wound. Without antibiotics, poor hemostasis reduces by 2to3 
logarithms (from 10 000 organisms to 10 to 100 organisms) the 
number of bacteria required for a 20% wound infection rate in 
a contaminated wound. 

Maay variables under the surgeon's control have an impact 
on the determinants of infections," and those factors that 
influence wound infection also influence the development of 
deep infections at the operative site and, therefore, the re- 
sults of major surgery.” However, rather than a simple 
wound infection, the resulting infection or complications will 
be more serious, and the mortality rate may increase. The 
prine:ples of gentle tissue handling, atraumatic anatomic dis- 
sectien, eareful hemostasis, preservation of the blood supply, 
and anastomoses without tension will improve results. In 
addit.on, modern anesthesia and monitoring techniques have 
eliminated the demand for speed, which was once a measure 
of skill. The surgeon’s persona should no longer be linked to 
the daration of the procedure; results count. 

In »ublished series, there is considerable variation ir infec- 
tious morbidity after hepatic resection. ^*^ Subphrenie ab- 
scesses remain common in published reports and therefore in 
unpublished series, yet it is possible to do resectional surgery 
of the liver with very low (1%) mortality and infection rates.” 
Crist et al” recently compared results over time and showed 
that pancreatoduodenectomy can be performed with very low 
mortidity and mortality rates. Thus, excellence of surgical 
techmique and the preservation of local and systemic host 
respenses by gentle, nontraumatic surgery has a major role as 
a potential immunomodulator. 

Czn the operation itself restore immune responses? Un- 
equivocally, yes; resection of pathology or inflammatory foci 
and drainage of abscesses can return altered host defenses to 
normal. Specifically, complement eomponents," fibronec- 
tin,” neutrophil chemotaxis,” and skin test results," among 
othe” factors, show clear improvement. There is no immuno- 
modalator as effective as the drainage of infection. Resection 
therapy can similarly have a profound effect on the immune 
system. Table 2 shows a variety of surgical conditions, all of 
which had improvement in skin test results following sur- 
gery, showing the connection between the operation and 
improvement in immune function.” 
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retics is invariably associated with a serious state 
ion and altered immune competence." If ascites 





Unintended Effects of Therapy 


Pharmacologic regimens have many effects, some of them 
unintended. These unintended effects can, in precarious situ- 
ations, create complications. The use of cimetidine or antacids 
for the prevention of stress ulcer and hemorrhagic gas:ritis is 
very common in surgical intensive care units, The unintended 
effect is overgrowth of bacteria and a gastric reservoir of 
organisms, with a loss of acidity; it is now clear that this is 
responsibie for many if not most nosocomial bacterial pneu- 
monias in the intensive care unit. "* In addition, there is now 
evidence that bacteria in the proximal gut may be associated 
with multiple organ failure and its associated infectious com- 
plications.” Incidental data from Driks et al” indicate that, in 
patients with a normal gastric acid barrier, ie, those created 
with a cytoprotective agent, there is improvement not-only in 
infection rates but also in noninfectious respiratory morbidity 
and death, suggesting that the stimulus to multiple organ 
failure is controlled. 

The question of steroids and septic shock is now re- 
solved. * Steroid therapy does not improve outcome in septic 
shock or the septic syndrome, despite positive results in 
animal models, and steroid therapy appears to substantially 
increase mortality rates from secondary infection, although it 
| does not increase the incidence of secondary infection.” This 
can only be the result of an altered systemic host response. 
The infection rates are the same, but the immunocompro- 
mised patient is less able to resist the same number of baete- 
ria, showing the signifieance of the interplay between 
determinants. 

It has been suggested recently that transfusions have im- 
munosuppressive effects. The effect seems most clear in 
transplantation. Studies in colorectal” and other cancers sug- 
gest that the onset of recurrences and long-term survival may 
be influenced by transfusions. The improved immune re- 
sponse following resection of Crohn's disease” is impaired if 
transfusion is required, although transfusion may be associat- 
ed with decreased recurrence rates. The increased suscepti- 
 bility to infection in many animal studies is almost impossible 
to confirm clinically, but these results are very suggestive. ” 
Many potential confounding variables may contribute to the 
increased immunosuppression, and these must be explained 
before firm conclusions can be reached. Transfusion require- 
ments in major surgery are being reduced by a variety of 
modern clinical techniques." However, in a trial of immuno- 
modulation, transfusions themselves would become a con- 
founding variable. 


Summary: Clinical Behavior and immunomodulation 


Despite the sense that little has happened in the field of 
immunomodulation, this clinical review shows that there has 









... been progress. Biologie insights have been translated into 
d changed c inieal practice, and traditional clinical activities 


have been shown to positively influence biology. However, 
. . the results are diffuse and gradual and therefore hard to 
- recognize. Biologic immunomodulation must be approached 
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nce of ascites uncontrolled by salt restriction, bed 









Table 3.— Steps to Clinical Trials of immunemodulation 
of Infection 











Definition of specific defects in vitro and their correction by an agent 

Animal models of defects with infection and improvement of abnormal- 
ities and outcome 

The in vivo correction of defects in the patient population to be studied 

A clinical trial in specifically defined and stratified surgical patients with 

acquired immunodeficiency 


on the groundwork of clinical progress and must incorporate 
all the modulatory factors mentioned above to ensure that 
study results are accurate. 


AN APPROACH TO TOMORROW 


In the future, whichever of the many immunomodulatory 
regimes becomes clinically feasible, a specific framework for 
evaluating its therapeutic importance must be developed. In 
addition to the usual criteria of study design, two specific 
issues must be integrated into studies assessing biologic re- 
sponse modifiers and surgical sepsis. The first set of criteria — . 
are outlined in Table 3. The request that the agent ccrrect _ oo 
immune defects in vitro, then in vivo in animals with outcome = . 
efficacy, and that the same steps should be followed inclBnieal 
application seems to be a minimum requirement todetermine  . a 
which drugs might be suitable clinically. There must pean 
orderly and sequential approach to efficacy to avoidthemany = 
stuttering steps taken in the many disappointing attemots to _ 
bring biologie response modifiers into the clinical setting. — — 
Levamisole provides an excellent example of enthusiasm and | 
hope interfering with judgment. Sketchy studies suggested 
efficacy in many areas, and suddenly there was a tidal wave of 
applications and articles. Levamisole is making something of 
a comeback in the adjuvant care of colon cancer and is again 
caught up in controversy between enthusiasts and those con- 
cerned with rigorous evaluation. It appeared to be successful 
in preventing infection following surgery, “vet, after a careful 
assessment, a second set of criteria became apparent. E 

In this study, the control group showed that surgery itself = 
could correct all of the immune variables assessed. Testing an 
immunomodulator under the circumstances described by 
Fielding et al”—in a multicenter trial, differences in anasto- 
motie leak rates and mortality rates in patients who had 
undergone colorectal surgery were demonstrated to be sur- 
geon-related —would not lead to comprehensible results. 
Maintenance of local and systemic host defenses and control of 
bacteria —functions of surgical technique —should maxe re- 
sults from all centers equivalent. It would then be possible to 
study a biological response. Therefore, the clinical aspects of 
care and their evident significant immunomodulatory influ- 
ence need to be carefully integrated into the study design and o 
standardized to ensure that confounding variables based on ` x 
the quality of care do not influence conclusions. The early -< 
sections of this article showed that surgery and surgica: prac- c 
tice have measurable effects on the immune responses. 


CONCLUSION 


To bring biologie modulation of the immune response to =i 
clinical application, two significant additions must be madeto 
the usual design of a clinical trial. First, the agent mast be — 
demonstrated to fulfill the steps outlined in Table 3 to havea - E 
minimum chance of success. Second, clinieal behavior Jearly - 
alters the immune response, either its upregulation or down- = 
regulation, and clinical behavior must be totally integrated 
into study design and standardized to ensure that studies wil 
give an answer supported by the data and devoid of erthusi- 
asts’ hyperbole. 
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Sang Tae Ahn, MD; William W. Monafo, MD; Thomas A. Mustoe, MD 


© We studied the effects of a silicone gel bandage that was 
worn for at least 12 hours dally on the resolution of hypertrophic 
burn scar. in a second cohort, the prevention of hypertrophic 
scar formation in fresh surgical incisions by this bandage was 
also evaluated. in 19 patients with hypertrophic burn scars, elas- 
ticity of the scars was quantitated serially with the use of an 
elastomete: An adjacent or mirror-image hypertrophic burn scar 


„served as a control. Scar elasticity was increased after both 1 and 
2 months compared with that in controls. There was correspond- 
ing improvement clinically that persisted for at least 6 months. in 

-the other cohort, scar volume changes in 21 surgical incisions 

were measured before and after 1 and 2 months. Gel-treated 

-incisions gained less volume than control incisions after both 
Intervals. Clinical assessment corroborated this quantitative 

_ demonstration of a decrement in scar volume. We concluded that 

- topical silicone gel is efficacious, both in the prevention and in 
the treatment of hypertrophic scar. 
(Arch Surg. 1991;126:499-504) 








T ypertrophic scar (HS) commonly attends burns. It may 
AL also develop after surgical incisions or other trauma that 
extends into the reticular dermis. Once formed, the subse- 



















3 in which epithelialization is delayed; no histo- 
sitional, or biochemical differences have been 
wong HSs of differing origins, however. The cause 
an biological phenomenon remains unknown." 

f measures have been suggested to minimize the 
of HS and/or its severity, including notably the 
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meticulous closure of surgical incisions, the early excisionand 
skin grafting of deep burns, and the early and prolonged useof — 
elastic compression garments. None of these measures are 
consistently effective, however. In patients with burns, HS 
remains arguably the most important late complication. In- — 
deed, despite the widespread use of elastic compression gar- = 
ments for the prevention and treatment of HS during the past — ^ 
25 years, convincing demonstration of their efficacy is lack- — 
ing, in part because simple, objective methods to demon- — 
strate efficacy of this (or other) treatment has also been — 
lacking.” Paro 
This communication describes the results in 48 patients __ 
who wore bandages of silicone gel sheeting for at least 1. 
month on a portion of their sear. One study arm comprised 29. 
patients with surgical incisions that were less than 3 mcnths _ 
of age and had originally been closed primarily; HS in these - 
patients was either not present or had only recently ap- 
peared. Serial measurements of the changes in scar volume | 
were made. The purpose was to document whether the gel - 
bandage lessened increases in scar volume and thus was 
preventative of HS. ij 
The other study arm consisted of 19 patients with wounds | 
that had already developed HS; most of these patients had. 
originally sustained burns. Serial measurements of scar elas- 
ticity at test and control sites were performed. A preliminary - 
report of this treatment in the first 10 of these patients has 
already appeared." The purpose of this arm ofthe study wasto | 
assess further the efficacy ofthe gel bandage in thetreatm 
of established HS and to extend the period of follow-up in th: 
patients who were previously described. LAN de 
The data suggest that this simple procedure inhibits th 
development of HS and also promotes its resolution, both 
the clinical level and statistieally as determined by object 
measurements. | 


PATIENTS AND METHODS 
Both arms of the protocol were approved by the Washingto: 


University Human Studies Committee, St Louis, Mo. 
Patients With Surgical incisions 

Informed consent was obtained from 29 patients who ranged in ag 
from 12 to 44 years who had undergone elective surgical procedi 


A test area of scar that was either 2 or 3 cm in length was arbitraril 
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om either the same or a mirror- 
ear pairs were originally entered 
instructed to wear a small silicone 
orning Q7-9119, Silastic Gel, Dow 
















c h day, p bly for 24 hours, removing it only briefly to 
age 3 : e or twice daily. The gel was held in 
arked with í 






ths subsequently. When the trial was 
.. ended after 2 months, the appearance of the test scar compared with 
_ that of the control scar was rated by both the clinicians, and the 
.' eondition of the patients was rated as improved or not improved. 
‘Ten patients (11 sear pairs) did not complete 1month of treatment 
and thus were nonassessabie: most of these patients were men who 
.. were minimally concerned about the appearance of their truncal 
.. Sears. This left 21 sear pairs in 19 patients that were assessable. 
_ Seventeen of these 19 patients were female. All but two ofthem were 
_ aged younger than 40 years. There were two blacks and one H ispanic. 
_. Ten ofthe 21 scar pairs were 1 month or less in age. The scar locations 
.. were as follows: abdomen, nine; breast, five; upper limb, three; neck, 
-= two; chest, one; and face, one. 


Scar Volume Measurement 


... Vinyl polysiloxane raaterial (Baysilex Monophase, Cutter Labora- 
_ tories, Berkeley, Calif) was used for making negative impressions of 
< thescars. Three milliliters each of the blue base and the white catalyst 
_ pastes was mixed to exclude gress air bubbles carefully so that a 
. uniform light blue color appeared within 30 seconds. The mixture was 
_ painted over the sear with the use of a spatula and allowed to set for 2 
. minutes, after which it was removed in an axial direction. Duplicate 
impressions were made from each test and control site. At least 30 
. minutes later, after setting was complete, the impressions were filled 
with a mixture of 5 g of dental stone (Den-Stone, Columbus Dental, St 

< Louis, Mo) and 2 mL of water. One hour later, the positive scar 
impression, which comprised the dental stone, was removed fromthe 

- negative impression mold. After drying to a constant weight for at 
< least 24 hours, the impression was scraped down to the level of the 
normal skin adjacent to the sear with the use of a scalpel. After they 
were scraped, the impressions were reweighed, and the average 
weight of each scar site was computed. Scar weights were converted 
^to scar volumes with the use ef a previously determined volume- 
weight ratio of the dried dental stene, which was 0.51 mm"/mg (n= 5). 

< All steps in these measurements of scar volume were performed by a 

_ blinded observer. The scar volume measurements were repeated at 
-both 1 and 2 months in 15 of the 21 scar pairs. Four scar pairs were 
_ Temeasured at 1 month only, and two pairs were measured at 2 
months only. E 












-appearance was available from the 
site. Thesheets were held in place 
sive tape. or an elastie bandage. 
re used by two patients. The pa- 
i el bandage for at least 12 hours each 
rs each day, and to remove and clean it and 
ice daily. The treatment was stopped after 2 

atment was resumed after 1 month had 





(0 0 9X astometry 

Scar elasticity was measured objectively with the use of a handheld 
elastometer that we have previously described.’ Six measurements 
Were taken of each scar and averaged. The measurements were made 


W study entry and at month ly intervals subsequently. Briefly, the 
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area of the same length and — measured and expressed as the percentage of stretch by using the 





ce utilizes a eo -fensi ring anc an accurate strain gauge 
1 istraction is 











following formula: 


% Stretch - [Amount of Distraction (in mmy 
10 mm(Original Distance)] x 100 


. Therormal values of human skin are between 30% and 42%, with an 
SD of 7%.° However, within each patient studied, the results from 
mirror-image scars were highly reproducible (SD, 1% to 2%), making 
paired comparisons with the patient serving as his or her own control 
meaningful and sensitive to change. Although these measurements 
eould not be blinded because of obvious clinical improvement in the 
treated scars, the elastometer measurements were objective and 
therefore should not have been skewed by an unintentional bias. 

The 19 patients ranged in age from 3 to 78 years. Twelve of them 
were males, five were blaek, and the remainder were white. All but 
four scars were the result of burns. Three scars were from surgical 
procedures; one had resulted from a spider bite. The scar ages ranged 
from 2 months to 4 years. The scar locations were as follows: leg, six; 
arm, six; trunk, four; wrist, three; neck, two; and back, two. 

Test and control sears were rated clinieally by both the patient and 
the investigator at the completion of treatment according to the 
following items: texture, color, thickness, durability, subjective 
symptams, and range of motion (if applicable). If, for example, four 
items were rated as consequential before treatment and three of them 
were improved following treatment, a score of 3/4 was recorded. The 
patients were also asked to grade their result as good, average, poor, 
or unacceptable. 


Photography 


A camera (Olympus 35 mm OM II) with a 50-mm macro lens was 
used to photograph the test and control scars of the patients in both 
study arms with film (ASA 64 Kodachrome). The lens aperture, 
exposure time, and subject distance were kept constant. An eleetron- 
ic flash was used in addition to standard overhead fluorescent light- 
ing. Photographs were routinely obtained at study entry and after 1 
and 2 months of treatment in both study arms. Additional photo- 
graphs were made at later intervals in some of the patients in whom 
HS waa already present at study entry and in those patients who 
desired to continue treatment. 


Data Analysis 


The sear volume and sear elasticity measurements were analyzed 
with the use of the SAS system as implemented on a mainframe 
computer (IBM) with the assistance of the Department of Biostatis- 
ties, Washington University School of Medicine.’ A repeated-mea- 
sures analysis of variance with statistical contrasts was used to 
compare baseline values with values at subsequent time points. 
Unpaired t tests were used in comparisons of the elastometrie data 
beyond the second month because of the comparatively few data at 
the later time points. 


HESULTS 
Patients With Surgical Incisions 


The reliability of the duplicate scar weight measurements 
was excellent, as determined by simple intraclass correla- 
tions (= .98). 

As expected, the changes in scar volume differed widely 
due tothe well-recognized variability in individual propensity 
to develop this complication. 

The differences in volume between control and test scar 
pairs (control volume-test volume) at study entry and after 1 
and 2 months of treatment were analyzed with the use of the 
sign-rank test, as these data were nonparametric. Test and 
control scar volumes were the same at study entry (P =.26). 
At both 1 and 2 months, however, control scar volumes were 
proportionately greater than test scar volumes (P= .08 and 
P-== 003, respectively) The presence of a treatment-time 
effect on test scar volume was also identified with the use of a 
repeated-measures analysis of variance (P = .03) (Fig 1). 

Subset With Clinically Evident Hypertrophy. — Assess- 
ment of the scar volume measurements in conjunction with 


vis the changes in clinical appearance of the scars suggested that 
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Fig 1.—The volume difference (in cubic millimeters) between each 
control and treated scar pair in the patients with surgical incisions at 
study entry and at 1 and 2 months. (Control scar volume — treated scar 
volume.) 


a scar volume difference of more than at least 4 mm’ was 
necessary to be clinically perceptible. In 10 patients, hyper- 
trophy either did not develop elinically or was barely percepti- 
ble in either the control or test sites; their measured changes 
in scar volume were less than 10 mm’ at both sites. This 
finding was not unexpected, as the incidence of clinically 
appreciable scar hypertrophy in primarily sutured surgical 
incisions is generally believed to be less than the incidence 
after burns or other trauma. In the remaining subset consist- 
ing of 10 sear pairs (nine patients), clinically significant HS 
had either appeared or become more severe in the eontrol 
sears. The increment by which the increase in control sear 
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Fig 2.—Surgical incision cohort. The increment (percentage) by which 
control scars increased in volume vs treated scars in patients in whom 
the volume change in both scars exceeded 10 mm’. Data were com- 
puted by using the formula: 


(((C/C, — T/T,)/(C/C,)} x 100, 


where C — control, T - treated volumes, and subscript 0 — initial vol- 
ume. Open bars indicate 1 month; hatched bars, 2 months. 


volume exceeded that which had occurred in treated scar 
volume in these nine patients is shown in Fig 2. This ranged 
between 25% and 75%. In absolute terms, the range was 
between 4.6 and 82.4 mm’. All of these treated scars were 
noted to be clinically improved. 

Complications.— No ser:ous complication resulted from 
wearing the gel bandage. Two patients had minor contact 
dermatitis from the adhesive tape. This responded to de- 
creasing the gel-wearing time to 12 hours. One patient experi- 
enced difficulty with maintaining contact of the bandage on 
her neck scar. 


Patients With Established HS 


All but one of 20 scars that had been treated for at least 12 
hours each day were rated as good or average at the end of 
treatment (Table). Efficacy did not appear to be related to 
patient age, sex, or race, or to the scar location. 

Scar elasticity increased by more than 5% stretch in 12 of 18 
scars that had been treated for at least 12 hours each day for 2 
montks. Only two of the control scars demonstrated a compa- 
rable increase in elasticity. Statistically, test and controlsites 
were equally inelastic at study entry (P — .89). After 1 month, 
the elasticity of treated scars had increased compared with 
baseline (P = .019); after 2 months, this increase in elasticity 
was more evident (P —.0001). Control scar elasticity was no 
different from study entry at either 1 or 2 months. A differ- 
ence in elasticity between treated and control scar pairs was 
evident both at 1 month (P = .005) and at 2 months (P= .0001) 
(Fig 3). The treatment effect plateaued after 2 months and 
was not affected by discontinuing the treatment for 1 month 
(P = not significant). Resumption of the treatment for 3 addi- 
tional months had no major effect on scar elasticity in the six 
patients who continued it (P — not significant). 

With regard to complications in these patients, we original- 
ly found that superficial skin maceration occurred occasional- 
ly beneath the gel." Eliminating the use of elastic compression 
garments over the gel, emphasizing the importance of local 
hygiene, and decreasing the wearing time in hot weather 
eliminated those minor complications in patients who were 
enrolled in the study since the original report (Table). 
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Fig 3. — Hypertrophic scar cohort. Changes in scar elasticity (percent- 
age of stretch - SEM) in control (closed circles) and treated (open 
circles) scars. Significant intergroup differences at each time point and 
significant intragroup differences from time 0 are indicated by an 
asterisk. After 1 month, P — .0001. 


COMMENT 


Hypertrophic sear does not occur spontaneously in ani- 
mals.” The lack of an experimental model is, not surprisingly, 
paralleled by a present lack of understanding of the biological 
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basis of this uniquely human, common, and troublesome dis- 
order of wound healing.’ 

As the cause of HS is unknown, its therapy is necessarily 
empirical. Meticulous surgical technique and early perma- 
nent closure of chronic open wounds, such as burns, are 
widely recommended. But these measures do not necessarily 
prevent HS, which typically begins to appear within several 
months of the original insult and, in many instances, fails to 
resolve appreciably thereafter, '? ^? 

The nonsurgical treatment of established HS is based main- 
ly on the empirical recognition that its resolution may be 
accelerated by near-continuous pressure, as exerted by the 
widely used elastic compression garments. These garments 
must be worn for many months and are not consistently 
effective (Fig 4).""* Indeed, controlled clinical data support- 
ing their efficacy are lacking.‘ 

The present studies were prompted by several uncon- 
trolled clinical reports that stated that the topical silicone gel 
Sheeting used here promotes resolution of HS." Subse- 
quently, other observations, also uncontrolled, suggest that 
true keloids—histologically similar to HS but with a different 
clinical course —also regress after treatment with topical sili- 
cone gel (the single keloid in the present series failed to 
respond). " The results of the present study, which includes 
observations on untreated control scars in each patient, con- 
firm that if worn for at least 12 hours daily, topical silicone gel 
has a beneficial, clinically significant effect on HS, and that 
scar elasticity is measurably improved (Figs 5 and 6). Al- 
though there is a trend Suggesting that both the clinical and 
elastometrically measured responses are inversely related to 
scar age, statistical significance was not reached (P= .09) in 
this series of only 19 patients. 
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Fig 4.—This popliteal scar had been treated for 8 months with elastic compression without Fig 7.—This scar in an abdominal 
improvement. Left, Pretreatment. Right, After 2 months, the entire scar was treated for 2 more incision had been treated with sili- 


months, when this photograph was taken. cone gel for 2 months. This patient 
added a second treatment area on 


his own volition. C indicates contro! 
scar; T, test scar. 





Fig 5.— This forearm scar had resulted from a second-degree burn 2 months previously. Left, 
Pretreatment. Right, Eighteen months after treatment. 
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Fig 6.—This full-thickness burn had been excised and mesh-grafted 3 months previously. Elbow flexion and extension were 
both impaired. Left, Pretreatment. Right, Five months after treatment. The range of motion of the elbow is now full. 
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impeding the formation of 1 
_ view of the simplicity of this treatment and the absence of 


Although the mechanism of action of the silicone gel is 
unknown, several possibilities appear to have been reason- 
ably excluded." It is krown that continuous pressure on the 
scar surface —about 30 mm Hg is necessary — will elongate 
and f'atten some sears due to remodeling ofthe scar collagen.” 
However, Quinn et al? found that the pressure exerted by 
silicone gel sheeting was negligible (<3 mm Hg, even with 
erepe bandages). Inthis regard, two of our patients had failed 
to respond to protracted therapy with compression garments 
but responded to the silicone gel (Fig 4). Quinn et al" also 
excluded temperature effects and differences in oxygen 
transmission as mechanisms. The gel is occlusive, with a 
water vapor transmission rate lower than that of skin (4.5 vs 
8.5 g/m’ per hour) But other occlusive dressings, such as 
polyurethane film, have no effect, even if gel sheeting is 
placed over them (S.T.A. and T.A.M., unpublished data, 
1989." Since the scar surface does not appear to be wet (nor 
does maceration regularly oceur with prolonged wearing), the 
gel may promote hydration cf the scar. However, changes in 
scar water eontent have not been directly measured, to our 
knowledge. It is possible that the specific degree of occlusion 
exerted by the gel is important, but this hypothesis remains 
to betested. There is no evidence of silicone absorption either 
on our histological section,’ or when analyzed by seanning 
electron microseopy microprobe analysis," but a chemical 
effec: has not been definitively excluded. 

Our observations suggest that 2 months of wear is ade- 
quate, both for the prevention and for the treatment of HS, 
and that subsequent recurrence of hypertrophy is infrequent 
at mest. In the patients with established HS, there was no 
change in sear elasticity 1 month after treatment had been 
stopped; no perceptible additional improvement in scar elas- 
ticity. was observed in the six patients who wore the gel for up 
to 6 months (Fig 3) Similarly, on the clinical level, late 
recurrence has not been observed in the patients with HS who 
originally responded. Contro! HSs did not improve during the 
. Study interval. We recognize that, given sufficient time, con- 
- trol scars might improve subsequently, thus decreasing the 
. difference here noted. However, accelerated resolution of HS 
. would still provide a clinically important benefit. Elastomet- 
. rie measurements were technically impossible in the patients 
. inthe surgical incision study arm because of the narrow width 
of their sears relative to thet of the attachment site of the 
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a  elastometer. We do not have long term follow-up of our 
e patierts with surgical incisions. But the early results are 





encouraging, and absence of significant complications and 
also tne lack of a proved alternative treatment suggest a 
clinicé] role for silicone gel therapy. 

We conclude that topical silicone gel is efficacious, both in 
minimizing the severity of HS in surgical incisions and in 
promcting the resolution of HS in patients in whom HS has 
alreacy developed. 
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etween January 1970 and June 1988, a total of 45 patients 
with aortic prosthetic graft infection underwent removai of the 
infected aortic prosthesis. In addition, 36 of these patients also 








underwent revascularization via an extra-anatomic bypass. We 
analyzed the early and long-term results with respect to survival, 
limb salvage, freedom from infection, and extra-anatomic graft 
patency. The 30-day mortality was 24% (11/45), and the amputa- 
tion rate was 11% (8/73). During a mean follow-up of 36 months 
(range, 21€144 months), 80% (24/30) of the patients remained free 
of infection and are considered cured. Infection in the extra- 
anatomic bypass graft was the most common cause of recurrent 
sepsis and the leading cause of late amputations (four of seven). 
By life-table methods, 1-year survival was 63% and 5-year surviv- 
al was 49%. Limb salvage rates at 1 and 5 years were 79% and 
66%, respectively. The primary patency rate of extra-anatomic 
bypass was 43% at 3 years, with the secondary patency rate 
improved to 65%. These early and late results are in marked 
contrast tc the natural history of untreated aortic graft infection. 
Nonetheless, a perioperative mortality rate of 24%, a 5-year limb 
loss rate o! 33%, and 3-year graft thrombosis rate of 35% are 
testimony to the serious nature of aortic graft infection and the 
need to develop better methods to prevent this complication. 
<: (Arch Surg. 1991;126:507-511) 


A ortic graft infection is one of the most dreaded complica- 
"X. tions of vascular surgery. High morbidity and mortality, 
regardless of management, continue to pose a great challenge 
for vascular surgeons. In a collection of 62 cases with vascular 
graft infection in Denmark, Lorentzen et al' reported a peri- 
operative mortality rate of 25.8%, with an amputation rate of 
30.6%. Jensen and Kimose’ reported a perioperative mortal- 
ity rate of 29% and an amputation rate of 39% in their group of 
patients. In a group of 22 patients presenting with aortoen- 
teric complications, Perdue et al’ reported an 83% survival 
-yate in 18 patients treated. Although these and other au- 
thors’ have reported the outcome of initial treatment, infor- 
mation is limited on long-term results following surgical ther- 





apy. Herein, we summarize the experience at the UCLA 
Medical Center and the Sepulveda Veterans Administration 


(VA) Med al Center with the initial treatment and long-term 
results of aortic graft infection, with follow-up ranging from 2 
months to 12 years. 

PATIENTS AND METHODS 


With theuse of the UCLA Medical Center and Affiliated Hospitals 
Computerized Vascular Registry, all patients with an infected aortic 
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prosthesis treated at the UCLA Medical Center and the Sepulveda: - 
VA Medical Center between January 1, 1970, and June 30, 1988. were- 
identified. All medieal records were reviewed. Information recorded 
by the primary physicians during clinic visits was also collected. 
When necessary, patients were contacted by telephone. Previous ~ 
vascular procedures, their indication, and clinical presentatior were 
recorded, as were age, sex, and the presence of risk factors, including. 
hypertension, diabetes, cigarette smoking, coronary artery disease, ^. 
obesity, and hyperlipidemia. Treatment, hospital course until dis- - 
charge, and follow-up data were analyzed. 
Actuarial analysis was used to determine rates of survival, primary . 
and secondary patency of revascularization when applicable, and limb- 
loss. Patency of secondary reconstructions was calculated separate- 
ly, with each secondary intervention to maintain graft patency used 
as a new entry in the life table. This was done with the acknowledg- 
ment that multiple operations to maintain graft patency are less 
desirable than a single operation with similar long-term pateney. To 
calculate primary patency, thrombosis occurring within the first 48 
hours following successful treatment was not considered grat fail- 
ure. Perioperative mortality was defined as death occurring in the 
first 30 days following operation or during the same hospitalizacion. 


RESULTS 


Between January 1, 1970, and June 30, 1988, a total of 45 
patients (33 at UCLA and 12 at the the VA Hospital) were —. 
referred for treatment of infection of a previously implanted =~ 
infrarenal aortic vascular prosthesis. Thirty-four (76%) were 
men and 11 (24%) were women, with a mean age of 63 years 
(range, 30 to 84 years). A total of six (18.1%) patients at 
UCLA and five (41.7%) at the Sepulveda VA Hospita! died 
during hospitalization, for a combined perioperative mortal- 
ity rate of 24% (11/45). Four patients were unavailab.e for 
follow-up after discharge with patent extra-anatomie grafts, 
and 30 were available for evaluation of long-term outcome. 

Table 1 summarizes risk factors for the entire group. Smok- 
ing, coronary artery disease, and hypertension were the most 
common. Diabetes was three times more common in patients 
who died perioperatively compared with those who survived. . 
Other factors were present with similar frequency im both. ` 
groups. n 

The most common indication for the original aortic qpera- — 
tion was occlusive disease at the aortofemoral level, followed 
by operation for aneurysmal disease of the infrarenal aorta 
(Table 2). One patient underwent vascular reconstruction due 
to a hypoplastic distal aorta at the age of 30 years: The 
operation consisted of an aortobifemoral bypass graft.in 32 
(72.7%) of the patients. Aortobiiliac and unilateral aortofe- 
moral grafts were each performed in 13% (n = 6) of pat 





Jents. 
Thirty-seven (92.5%) of these were performed with a Dacron 
graft, while three were constructed with polytef (PTFE), 
Teflon, or nylon. No information on graft material wasavail- 
able for five patients. con 
The interval between implantation and the onset of cinical 
infection ranged from 1 week to 144 months (mean, 40 
months). The most common clinical presentations were 
swelling, draining sinus, and abscess formation. Othe 
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Table 1. — Risk Factors in 25 Patients - 
- With Aortic Graft Infection 












No. (5) of Patients 








Died 
Survived — Perioperatively Total 
(n 34) (nz 11) (N — 45) 


16 (47.1) 4 (36.4) 20 (44.4) 
14 (41.2) 3 (27.2) 17 (37.8) 
2 (5.9) 2 (18.0) 4 (8.9) 
20 (58.8) 3 (25.0) 23 (51.1) 

— 2 45.9) 0C.) 2 (44) 
2 (5.9) 2 (4.4) 


Factor 
Coronary artery disease 
FADE d Hypertension 
- |. Diabetes mellitus 











No. (%):of Patients 


ied 
Periooeratively Total 
(rz 11) (N = 45) 


1 (10) 9 (21) 
r: 33 (77) 
i 1 (2.3) 

2 (47) 


Survived 
indication (nz: 34) 
Aneurysm B (24) 
Occlusive disease 24 (73) 
Other 1 (3) 


Not available 1 (3) 





. frequent signs and symptoms included intra-abdominal ab- 
. 8Cess, abdominal pain, increased claudication, disruption of 
_ the femoral anastomosis, graft thrombosis, gastrointestinal 
_ bleeding, and pseudoaneurysm. Chills, fever, and other signs 
of systemic sepsis were rare. 

Diagnosis of prosthetie graft infection was either made or 
suspected preoperatively and confirmed at operation in all 
. but one patient. This patient underwent exploration of the 

grein for possible femoropopliteal bypass (for claudication) 
and was incidentally fourd to have an infection at groin level. 
Seventy-one percent (24/34) had limited involvement of either 
-. the intra-abdominal portion of the prosthesis with good incer- 
poration at the groin level or vice versa. Among the patients 
-who died in the perioperative period, 82% (9/11) had infection 
of the entire prosthesis. At operation, abscess formation was 
- found in 18 patients (40%). Pseudoaneurysm was the second 
most common intraoperative finding, with an incidence of 
. 2056 (8/45), followed by aortoenteric fistula in seven patients 
(1696). 
.. Among the organisms cultured, gram-negative bacteria 
- were the most commonly recovered (Table 3). Staphylocec- 
-cus epidermidis and Pseudomonas organisms were each cul- 
_ tured in 21% (eight of 38 culture results were available) of 
Infected grafts. There was a higher incidence (48%) of Pseu- 
monas organisms in the group of patients who died peri- 
peratively vs those who survived this initial period (16%). 
-hirty-nine percent of the patients had mixed cultures, and 
% had pure gram-positive infections. Negative cultures 
re present in eight of the 38 patients for whom culture 
results were available. 
-Complete excision of the infected graft was performed in all 
patients in whom the body of the prosthesis was involved. 
When partial involvement was suspected, every effort was 
made to preserve the uninvolved portion of the graft. Drain- 
age of abscess cavities and wide débridement of infected 
tissue were performed as appropriate. All patients received 
antibiotic coverage perioperatively. Postoperatively, wound 
care was continued until complete healing occurred. 
Nine patients (20%) underwent graft removal without re- 
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, Table 3.— Results of Cultures in Patients With Aortic Graf 
| Infection | 





'No. (%) of Patients 


Died 
Survived Perioperatively Tota! 
(n-31) — (n-7) (N-38) 


3 (9.7) 2 (28.6) 

















Organism 
_ Staphylococcus aureus 
Stapnylococcus epidermidis 





















Escherichia coli 


PPP 


G(D) Enterococcus 


6 (19) 
3(97) 


1043 — 7(8 
















Entewobacter 1 (14.3) 2 (8) 
0¢..) 5 (13) 
06.) 1 (2.6) 
3 (42.9) 8 (21) 
1 (14.3) 2 (5) 


0 (C. 1 (3) 


Streptococcus 


5 (16) 
1 (3.2) 
5 (16) 
1 (3.2) 
1 (3.2) 






Cítro2acter 





Pseudomonas 






Salmonella 












Serratia 
VeHonella 
Bifidebacterium 


i ——M 






1 (3.2) 
7 (23) 
12 (39) 
9 (29) 


0 C...) 1 (3) 
1 (14.3) 8 (20 
3 (42.9) 15 (39) 
0 (...) 9 (24) 





Negative cultures 
Mixed flora 
Pure 3ram-positive 











vascularization and 35 underwent reconstruction with an ex- 
tra-anstomie bypass. Bilateral autogenous vein aortoiliac re- 
constraction was performed in one patient. Revascularization 
was performed, depending on the presence or absence of 
infectien in the femoral area. In this regard, axillofemoral and 
axillopopliteal grafts were most frequently used for revascu- 
larization (Table 4). Unilateral axillofemoral, bilateral axillo- 
femoral, and axillobifemoral grafts were performed in 9, 6, 
and 8 patients, respectively. One unilateral axillopopliteal 
and six bilateral axillopopliteal bypasses were also construct- 
ed. The remainder of the procedures are listed in Table 4. 

Six 16%) of 36 patients treated with revascularization 
died, ir. contrast to four (4096) of 10 patients who underwent 
prosthetic graft removal alone. Selection criteria for each 
group likely influenced these results but suggest that revas- 
eularization at the time of graft removal does not inerease 
mortal:ty. 

Removal of the infected graft with revascularization was 
performed during the same intervention in 33 of 36 patients 
who urderwent a revascularization procedure (91% single- 
stage procedures) In this group, five (1596) of 33 suffered 
reinfec-ion. Three (8%) of 36 patients underwent removal of 
their irfected graft, with revascularization performed 3 to 4 
days lazer (delayed revaseularization). Of these, one suffered 
reinfec:ion (88%). Thus, no benefit in the avoidance of recur- 
rent in-eetion was noted by delayed revascularization. The 
small number of patients treated by delayed revasculariza- 
tion doss not allow for comparison of mortality and/or limb 
salvage. e | 

Eleven (24%) of 45 patients died within 30 days of surgery 
or during the same hospitalization. The most common cause of 
death vas myocardial infaretion and/or multisystem organ 
failure. Among 73 limbs at risk, eight (11%) required early 
amputation, secondary to severity of occlusive disease in 
seven and recurrent infection inone. - 

Thirty patients were available for follow-up after discharge 
(range, 2 to 144 months; mean, 35.5 months). There were 73 
limbs a£ risk due to previous amputations, single aortofe- 
moral kypasses, and aortobifemoral bypasses, with one limb 
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Table 4.—Revascularization Procedure After Removal of 
Infected Aortic Graft 


No. (%) of Patients 






Died 
Perioperatively Total 
(n=10) (N=45) 


Survived 


(n=35) 
















Removal without 










revascularization 5 (15) 4 (40) 9 (20) 
Axillofemoral 

Unilateral 8 (24) 1*(10) 9 (20) 

Bilateral 6 (18) o C. 6 (14) 
Axillobifemoral 6 (18) 2 (20) 8 (18) 
Axillopopliteal 

Unilateral 1 (3) a.c 1 (2) 

Bilateral 6 (18) 1 (10) 7 (16) 
Axillotibia! (bilateral) 0 0 1 (10) 1 (2) 
Femorofemoral 1 (3) 1 (10) 2 (5) 
lliofemoral 

(transabturator) 1 (3) 0.17.) 1 (2) 
Interpositional 

graftt 1 (3) 0.(..3 1 (2) 





*This patient had an axillopopliteal procedure performed in the contralateral 
limb. 
TAutogenous vein graft. 


undisturbed. Seven amputations were required after te first 
month, for a total of 15 amputations. Twenty-four patients 
(80%) remained free of infection during follow-up and were 
thus considered cured. Of these, four (17%) required 2 major 
- lower-extremity amputation during follow-up. 

Infection recurred during follow-up in six patients, for a 
reinfection rate of 20%. Four patients in this group required 
subsequent amputation of a limb (67%). Among the six pa- 
tients with recurrence of infection, one occurred during the 
same hospitalization. Infection developed at 2, 2.5, 2.5, 4, and 
46 months after graft removal and revascularization in the 
remaining five patients. One patient suffered reinfection in 
the retroperitoneal aortic bed and, 2 months later, in the 
extra-anatomie conduit, whereas in the others reinfection 
occurred in the extra-anatomic conduit alone. The groin was 
involved in four patients and the proximal portion of an axillo- 
femoral graft in one patient. Conservative treatment was 
initially attempted in three patients, but eventual removal of 
the graft was necessary in all three, with amputation of the 
extremity in one. Two patients underwent graft removal 
immediately after diagnosis of extra-anatomic graft infection. 
The patient with an intra-abdominal abscess was treated by 
exploratory laparotomy and drainage. Among the six pa- 
tients with recurrence of infection, four underwent a re- 
peated revascularization attempt after removal of their in- 
fected graft. All six patients were cured of their recurrent 
infection, but amputation was required in four patients. No 
late death was related to the recurrent extra-anatomie graft 
infection. 

Figure 1 shows survival by life-table analysis. The actuarial 
survival at 8 and 5 years was 55% and 49%, respectively. 
Decreased survival in the first interval denotes the high 
perioperative mortality in the patients treated for aortic graft 
infection. No late deaths occurred due to recurrent graft 
sepsis. 

Figure 2 shows primary and secondary prosthetic graft 
patency by actuarial methods. Primary patency rates at 3 and 
5 years were 43% and 30%, respectively. Secondary patency 
rates at 3 and 5 years improved to 65% each after thrombec- 
tomy (32 thrombectomies performed in 15 patients [see be- 
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Fig 1.—Cumulative life-table analysis of patient survival after treat- 
ment for aortic graft infection in 45 patients. 
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Fig 2.—Primary and secondary cumulative life-table analyses of pa- 


tency rates of extra-anatomic bypasses as well as limb salvage after 
treatment for aortic graft infection. 


low]). The primary patency rates after secondary procedures 
were 29% at 3 years and 21% at 5 years, underscoring the high 
number of procedures needed to keep these grafts open (Fig 
3). The actuarial curve for limb salvage is shown in Fig 2. At 3 
and 5 years, the cumulative limb salvage rates were 75% and 
66%, respectively. A total of 15 amputations were performed 
in the entire group. Eight were performed in the first month 
and seven were late amputations. Four of the late amputa- 
tions were consequent to extra-anatomic graft infections and 
three were due to graft thrombosis. Twelve patients (4096) 
developed claudication and two (6.7%) developed limb-threat- 
ening ischemia. Leg edema, neuritis, radiculopathy, nonheal- 
ing uleer, and chronic abdominal pain were encountered once 
each. 

A total of 94 operations were performed after initial treat- 
ment for graft infection among the 45 patients for problems 
related to their initial infection. Thirty-two of these opera- 
tions were performed in 15 patients because of graft thrombo- 
sis. Seventy-eight operations were performed in the group of 
30 survivors following initial treatment for their infection. Six 
(20%) of the 30 patients who survived underwent an addition- 
al distal bypass due to signs and symptoms of recurrent 
ischemia. 


COMMENT 


The treatment of aortic vascular graft infection remains a 
challenging problem for vascular surgeons. Once infection is 
suspected, every effort should be made to establish early 
diagnosis and initiate adequate treatment. Even when this is 
accomplished in a timely fashion, aortic graft infection is 
associated with high morbidity and mortality. 
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1 12 24 36 48 60 
Time, mo 
Fig 3.—Cumulative life-table analyses of primary patency rates follow- 
ing secondary procedures after thrombectomy for extra-anatomic 
bypasses. 


No single definizive diagnostic tool is available for the 
diagnosis of aortic graft infection. Thus, the clinician must 
rely on history, physical examination, a high index of suspi- 
cion, and findings of various radiologic and isotopic studies to 
help confirm the diagnosis. In our series, groin swelling, 
abscess formation, and a spentaneous draining sinus were the 
most common findings at presentation. Bleeding, fever, or 
other signs of sepsis were unusual. Similar findings have been 
reported by others.** Computed tomography may be helpful 
in the diagnosis of aortic graft infection by evidence of anasto- 
motic breakdown, false aneurysm formation, or the presence 
of a £uid collection around the prosthesis. Scanning of radiola- 
beled white blood cells may help establish the presence of 
infection by the demonstration of increased uptake in the 
suspected areas. A normal scan, however, must be consid- 
ered as presumptive evidence of the absence of infection that 
must be confirmed surgically. When a sinus is present, injec- 
tion of contrast material to produce a sinogram may be very 
helpful to delineate the extent of infection. Forceful injection 
of the contrast material is to be avoided. With the use of 
computed temography and/or ultrasound, percutaneous aspi- 
ration of a fluid collection may aid in the diagnosis of graft 
infection only in those instances where the culture becomes 
positive. A negative culture of aspirated fluid does not ex- 
clude the presence of infection, as special techniques (eg, 
sonification) are frequently required to culture organisms, 
even when the material is obtained surgically. Thus, we 
currently consider persistent fluid collection as seen on the 
computed tomographic scan beyond 6 months after implanta- 
tion and in the presence of other clinical signs of graft infection 
to be evidence of involvement of that portion of the graft 
within the collection. 

The interval between graft implantation and the clinical 
manifestation of infection is variable. In our group of patients, 
the mean interval was 40.3 months. Reported intervals vary 
from a few days to as long as 156 months.” 

Cemplete excision of the infected graft, according to the 
extent of the infection, was performed in all our patients. In 
addi-ion, surgical débridement, drainage of abscess cavities, 
appropriate antibiotic coverage, and local care of open 
wounds were performed. We currently attempt as best as 
possible to determine the extent of the infection preoper- 
atively by way of computed tomography, scanning of radiola- 
beled white blood cells, and sinography, if possible. This will 
best determine the appropriate approach to ensure complete 
excision of all infected prosthetic material. The degree of 
incorporation at the time of explorations through clean surgi- 
cal wounds is used as an operative indicator of the presenee or 
absence of infection. If a graft appears to be poorly incarpo- 
rated, the presence of infection is suspected and alternative 
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inflow is procured. Alternatively, if good incorporation of the 
graft is evident at the time of exploration and noninvasive 
testirg has suggested a lack of infection in this area, this 
portion of the graft may be utilized as inflow for an extra- 
anatamic reconstruction. According to these principles, 80% 
of the patients surviving the initial procedures were cured of 
their infection. Of the six who had reinfection, one occurred at 
the aortic bed and subsequently in the extra-anatomic con- 
duit, and five occurred only in the extra-anatomic conduit. 
Repeated intervention in all six cases was successful in the 
eradication of recurrent infection but resulted in amputation 
in four patients. This suggests that reinfection after treat- 
ment for aortic graft infection is associated with a significant 
risk of amputation. Conservative treatment was initially at- 
tempted in three of these patients, but subsequent surgical 
intervention was necessary in all three. Although an equal 
number (n —2) of amputations resulted, the eventual need for 
surgical intervention in those patients initially treated con- 
servatively leads us to conclude that aggressive surgical man- 
agement after reinfection of an extra-anatomic bypass graft is 
the best method of treatment for recurrent infection following 
aortie graft removal. 

Aortic stump blowout was not encountered in our series. 
We made no attempts to cover the stump with a pedicle of 
omertum or anterior spinous ligament, as has been suggested 
by other investigators. We make every effort to débride the 
aortie tissue beyond the anastomosis to the prosthetic graft, 
so that a secure double-layer closure ean be obtained. Sur- 
rounding tissue is then used to separate the duodenum from 
the aortic stump. In addition, there was no evidence of throm- 
bosis of the aortic stump and concomitant acute renal failure 
in any of the surviving patients. No death was attributable to 
either of these two complications. l 

Alternative methods of treatment have been used by other 
investigators to salvage an infected prosthetic graft. Success- 
ful management of prosthetic graft infection in the groin has 
been achieved with aggressive débridement and local care 
with povidone-iodine irrigation. Muscle flaps to cover ex- 
posed grafts after sterilization with irrigation solutions and 
antibiotics have been successful in some cases.’ Although 
reported data show acceptable results, no data are available 
regarding the long-term results after these treatment 
modelities. 

Infection in the groin area poses a particular problem for 
the vascular surgeon when revascularization is necessary. 
Replacement with autogenous grafts in the infected field has 
been used successfully to solve this problem.” Moore et al” 
demcnstrated, in an experimental canine model, the efficacy 
and superiorty of arterial bypass with fresh autograft and 
allograft arteries in an infected field as compared with Dacron 
graft. Clinically, autogenous replacement of an infected pros- 
thesis in the groin was performed by Seeger et al.” In their 
series, 67% of the patients required subsequent procedures 
for recurrent distal ischemia related to graft stenosis or fail- 
ure ef the autogenous graft in the aortofemoral position. 
Long-term results of this approach are not available. 

Welker et al" reported in situ replacement of an infected 
abdominal aortic graft with a Dacron graft in patients with 
aortcenteric and aortojejunal fistulas. Among the 18 patients 
who survived, three had recurrent rupture or false aneurysm 
of the proximal anastomosis, with death occurring in two. 
Fifteen (8396) had no further problems related to the infec- 
tion. Although these results suggest a role for replacement of 
infected grafts with another prosthesis in the infected bed, 
long-term follow-up data are lacking. Thus, routine use of this 
approach cannot be recommended. 

Cultures yielded Pseudomonas species in 4396 of the pa- 
tients who died perioperatively in our series. In contrast, 
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were present in only 16% of the patients who 





11s 
tality following aortic graft removal for infec- 
lated to the virulence of the organism cultured. 
us aureus is reported as the prevalent pathogen 
s.25™4 Recently, an increased incidence of 
x ve organisms and mixed cultures, as well as in- 
fection with less virulent organisms, such as S epidermidis, 
have been reported. ^" These more recent results are simi- 
The axillsfemoral extra-anatomic bypass initially intro- 
duced by Blaisdell and Hall" is one of the most commonly used 
methods of revascularization following aortic graft excision. 
In our series, revascularization was performed in 30 patients 
with use of the axillary artery as the source of inflow. In 23 
(52%), an axillofemoral bypass was constructed. In patients 
with infection at the femoral level, axillofemoral reconstruc- 
tion is not possible. Axillopopliteal or transobturator iliofe- 
moral bypass are alternatives when infection is limited zo the 
groin. In our group of patients, axillopopliteal bypass was 
performed in seven patients; an iliofemoral bypass was per- 
formed in one. Hepp et al” reported a 5-year patency rate of 
72% for axillobifemoral bypass and a 5-year patency rate of 
45.77% for unilateral axillofemoral grafts constructed with 
Dacron. In a recent report, Rutherford et al” reviewed their 
overall experience with extra-anatomic bypass. They report- 
ed 5-year primary patency rates of 62% and 19% for axillobife- 
moral and axillounifemoral bypasses, respectively, per- 
formed due tc occlusive and aneurysmal disease. Our primary 
patency rate at 3 years overall was 43% for all the extra- 
anatomic bypass grafts; this rate improved to 65% after 
thrombectomy. Further improvement in secondary patency 
may be possible by the use of oral anticoagulation, as has been 
reported in a randomized study of femoropopliteal recon- 
` structions.” It is our current practice to consider the use of 
oral anticoagulants after the first failure.” Further stratifica- 
tion of patients with extra-anatomic bypasses according to 
distal runoff and indication for the bypass (occlusive vs aneu- 
rysmal disease) shows better patency rates for grafts placed 
because of aneurysmal disease and/or with adequate distal 
runoff. Certainly, direct comparison of our data with those of 
others canriot be made due to the small number of patients 


















who underwent each type of reconstruction and the different — 
indications for surgery. Nonetheless, our overall results com- 
pare favorably with other reported results. 

Thirty patients were followed up for an average of 35.5 
months. Life-table analysis showed survival rates of 63%, 
55%, and 49% at 1, 3, and 5 years, respectively. After survival 
of the perioperative period, long-term outcome and limb sal- 
vage are good. Eighty percent of the patients followed up 


were primarily cured of their infection. Those with recurrent — 


infection were all cured by additional intervention. Thus. an 
aggressive approach in both the initial and long-term manage- 
ment of these patients is justified. 

Primary patency rates following secondary procedures 
were 49% and 29% at 1 and 3 years, respectively. The low 
primary patency rates after secondary procedures refleets 
the high number of procedures needed to keep some of these 
grafts patent. Thirty-two operations for thrombosis of the 
extra-anatomie graft were performed in 15 patients of the 
total group of 45. A total of 78 procedures for the treatment of 
complications were performed in the 30 patients surviving 
graft removal (mean, 2.6 procedures per patient). This under- 
scores the serious nature of aortic graft infection and the leng- 
term consequences involved. This aggressive approach, how- 
ever, appears to be justified, as evidenced by a limb salvage of 
15% and 66% at 3 and 5 years, respectively. Sixty-seven 
percent of the patients with recurrent infection required an 
amputation, compared with 17% in the group who were ini- 
tially cured. Thus, reinfection after initial treatment for a 
vascular graft infection is associated with a high incidence of 
amputation. 

Development of better perioperative monitoring and sup- 
portive management have improved the outcome of patients 
suffering from vascular diseases in general. Early recognition 
of vascular graft infection is necessary to establish prompt 
and adequate treatment. Our experience suggests that ag- 
gressive management of these patients leads to a favorable 
long-term outcome. Nevertheless, high morbidity and mor- 
tality of the initial intervention demands developmert of 
better methods for the prevention of aortic graft infection. In 
this regard, antibiotic bonding to the vascular prosthesis is 
currently being investigated. 
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A Comparison of the Roles of Cefamandole 


and Ceftriaxone in Abdominal Surgery 


John C. Hall, MS, FRACS; Jane L. Hall, EN; Keryn Christiansen, FRCPA 


,* ina prospective, randomized study. we compared the ability 
of ceftriaxone sodium (serum half-life, 3.0 hours) and cefamen- 
... Gole naftate and sodium carbonate (serum half-life, 0.8 hours) to 
. prevent wound infection in 1238 patients undergoing abdomiral 
Surgery. Prophylaxis consisted of single-dose therapy at the 
time of induction of anesthesia, and treatment regimens con- 
tained ceftriaxone sodium, 1 g/d intravenously, or cefamandcle 
. naftate and sodium carbonate, 1 g intravenously every 6 hours. 
Except for low-risk biliary procedures, cephalosporin therapy 
was accompanied by the administration of metronidazole. Mo 
significant difference was noted in the incidence of wound infec- 
tion, ie, 5.6% for the ceftriaxone group (95% confidence interval, 
3.8% to 7.4%) and 6.9% for the cefamandole group (95% confi- 
dence interval, 4.9% to 8.9%). Single-dose prophylaxis with 1 g of 
cefamandole naftate and sodium carbonate: was relatively inex- 
pensive and provided a cost savings of 64%. When treatmentwas 
required, a 23% cost savings was associated with the use of a 
once-daily dose of 1 3 of ceftriaxone sodium. 
(Arch Surg. 1991;126:512-515) 


l/[ any patients require treatment with antimicrobial 
(TA agents immediately before or after abdominal surgery. 
_ Although judgments about the need for such therapy are 
... often subjective, these decisions are a crucial part of routine 
- Surgical practice. It is therefore surprising that clinical trials 
... have tended to ignore this group of high-risk patients and 
have predominantly concertrated on issues relating to 
_ Reports of studies involving prophylaxis invariably state 
. that the use of perioperative antimicrobial agents is an abso- 
















patients enrolled in studies of prophylaxis are covertly influ- 
„enced by the clinical judgment of the attending surgeons, 
- which may result in a selection bias. This is especially so if 
there is strong peer pressure within an institution to enter as 
many patients as possible into a study. One approach to this 
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lute exclusion criterion. Hence, the number and types of 





probiem is to study consecutive patients, excluding only those 
patients who require salvage therapy, ie, to perform a concur- 
rent evaluation of prophylactic and treatment regimens. 

The objective of our prospective, randomized study of con- 
secutive patients undergoing abdominal surgery was to com- 
pare the efficacy of a short-acting second-generation cephalo- 
sporin (cefamandole naftate and sodium carbonate) with that 


of a long-acting third-generation cephalosporin (ceftriaxone . ! 


sodium). Although third-generation agents tend to have the 
widest spectrum of activity, it has yet to be demonstrated 
that this characteristic provides a clinical advantage for pa- 
tients undergoing abdominal surgery,“ It may therefore be 
cost-effective to use a short-acting second-generation agent 
for single-dose prophylaxis and a long-acting third-genera- 
tion agent for patients who require more prolonged therapy.” 


PATIENTS AND METHODS 
Sample Size 


It was prospectively decided that an absolute difference of 5% in 
wound infection rates between the groups (ie, 5% vs 10%) would be of 
clinical significance. A sample size that could reliably detect, or 
reject, such a difference with use of a two-tailed statistical compari- 
son with a confidence level of 95% and a power of 85% was estimated 
to be at least 1148,’ 


Patients 


Among the 1307 consecutive adults who underwent laparotomy 
during the 18-month accrual period, 5.3% (n = 69) were excluded from 
study (ack of informed consent [n= 39], previous acute hypersensi- 
tivity reaction to a g-lactamase agent [n= 17], presence of overt 
morbidity requiring salvage therapy [n = 11], or logistic error [n =2)). 
The protocol was approved by the Institutional Ethics Committees of 
the Royal Perth Hospital and The University of Western Australia. 
Informed consent was obtained from all patients who participated in 
this study. 


Randomization 


Patients were entered into the study before surgery with the use of 
a blocked randomization technique (cell size of 10), with treatment 
allocations based on computer-generated random numbers.” Boxes 
containing sequentially numbered, opaque, sealed envelopes were 
placed within the operating suite and the surgical wards. These 


envelopes contained the drug regimen to be used and a perioperative 
data sheet. Compliance with the entry of patients was checked by 
_ reference to the log book in the operating room. 
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Prophylaxis 
consisted of an intravenous dose of 1 g of ceftriaxone 
amandole naftate and sodium carbonate administered 
fter the induction af anesthesia. With the exception of 
rer than 60 years undergoing an elective eholecystecto- 
my, eer orin therapy was accompanied by an intravenous dose 
. of 500 mg of metronidazole. Patients scheduled to undergo elective 
- colorectal surgery underwent mechanical bowel preparation without 
the administration of oral antimicrobial agents. 


Treatment 


Treatment regimens consisted of metronidazole (500 mg intrave- 
nously every 8 hours) combined with either ceftriaxone sodium (1 g 
intravenously every 24 hours) or cefamandole naftate and sodium 
carbonate (I g intravenously every 6 hours). Clinicians were free to 
commence aritimicrobial therapy before surgery if there was clinical 
evidence of intra-abdominal sepsis. Patients who received nontrial 
antibiotics before surgery were not excluded from study. In addition, 
postoperative treatment was administered when there was evidence 
of residual intra-abdominal infection at the completion of surgery. 
Although the attending surgical staff determined the duration of 
postoperative antimicrobial therapy, it was generally recommended 
that such therapy should continue for at least 5 days until the patient 
was afebrile and had a normal white blood cell count." Patients from 
both groups received a standard oral regimen when treatment was 
continued after the cessation of parenteral therapy, ie, cephalexin at 
a dosage of 1 g every 6 hours and metronidazole at a dosage of 400 mg 
every 8 hours. As for patients receiving prophylaxis, antimierobial 
agents were administered for nosocomial infections according to a 
standard protocol (the Antibiotic Guidelines for Western Australian 
Hospitals). 


Assessment 


The anesthetic chart was reviewed to determine compliance with 
perioperative antimicrobial administration, the duration of surgery, 
- and the American Society of Anesthesiologists (ASA) score." The 
surgical staff recorded the extent of intraperitoneal sepsis and con- 
tamination at the time of surgery on the perioperative data sheet. The 
total dosage of each antimicrobial agent was calculated from the 
patient medication charts. A research nurse (J.L.H.) monitored the 
progress of each patient for 30 days after surgery or, if the hospital 
stay was prolenged, until the time of discharge from the hospital. 


Outcome Events 


Wound infection was defined as a purulent or serous wound dis- 
charge with eulture of pathogenie organisms. Serous wound dis- 
charges with a negative culture and stitch abscesses were classified 
as minor wound infections. Postoperative intraperitoneal sepsis was 
defined as the detection of pus or fluid containing pathogenic organ- 
isms within the peritoneal cavity by reoperation, spontaneous dis- 
charge, needle aspiration with use of an organ-imaging technique, or 
autopsy. Pulmonary complications were defined as the presence of 
positive clinical signs combined with either positive results of sputum 
—- microbiologic examination, an otherwise unexplainable temperature 
= inexcess of 38°C, or an abnormal chest roentgenogram. Phlebitis was 
^.. defined as inflammation combined with a palpable venous cord. For 
. epidemiologiepurposes, a urinary tract infection was defined as more 
.. than 100 000 pathogenic bacteria per milliliter of urine. Deaths were 
only recorded if they occurred during the defined review period. 


Data Analysis 


Confidential monitoring of the trial was achieved with the use of a 
group sequential technique. ^ This allowed for a review of the interval 
results after each consecutive group of 100 patients had been studied 
with use of an appropriately modified level of statistical significance 
(P — .011). Data were entered into Data Base 4 (Ashton-Tate, Califor- 
nia) and export 








ce intervals.“ Subgroup analyses were interpreted 
nominal significance level of P<.0028 that compen- 
of multiple comparisons. The cost-benefit analysis 


| was performed with the use of previously defined eriteria" applied to ; | 

















the current costs for our institution at the time of trial termination. 


RESULTS 
Baseline Equivalence 


Demographie variables and operative risk factors were 
distributed evenly between the groups under study (Table 1). 
Fifteen patients in each group received preoperative non:rial 
agents within 48 hours of surgery. : 


Compliance 


Overall, 55 patients (4.4%) failed to comply with the st 
protocol. These patients were equally divid 
groups (ceftriaxone group, 28 patients; cefam: 
27 patients). Noncompliance with the drug re 






noted in 28 patients, and, excluding the patients who diec 


patients were followed up for less than 30 days 19ofthela:ter - 
patients received prophylactic therapy). VE 


Wound Infection 


We observed no statistically significant differences in the =: 
incidence of wound infection between the groups under study ^. 
and noted considerable overlapping of the 95% confidence ^ 
intervals for each of the main comparisons (Table 2). Inaddi- ^ 
tion, all the subgroup analyses failed to achieve the nominal 
significance level that allowed for multiple testing. The cumu- 
lative infection rates began to stabilize after approximately 
600 patients had been examined and clearly stabilized by the 
time of trial termination (Figure). Wound infections occurred 
with equal frequency in the groups under study when a num- 
ber of risk factors were considered (Table 3). 


Other Adverse Events 


The incidence of other adverse events are listed in Table 4. 
The method of diagnosis of postoperative intraperitoneal sep- 
sis was reoperation (n = 18), organ imaging with needle aspi- 
ration (n= 12), autopsy (n=10), and spontaneous discharge 
(n=8). Although patients in the cefamandole group had a 


Table 1.—-Demographic Variables and Operative Risk Factors 


Cefamandole 
Ceftriaxone Naftate and 
Sodium Sodium Carbonate Total 
(n = 625} (n= 613) (N = 1238) 


Age. y 
Median 54 


Interquartile range 29-71 
Absolute range 14-89 
325/300 324/2B€ 


American Society of Anesthesiologists (ASA) score, No. (95) 
ASA 1 269 249 518 (41.8) 


ASA 2 321 (25.9 
ASA 3 
ASA 4 
ASA 5 


Presence of intraoperative sepsis, No. (96) 
None 398 


649/589 


260 (21.0 
135 (10.9) 
4 (0.3) 





787 (63.6; 
209 (16.9) 
119 (9.6) 
55 (4.4) 
68 (5.5) 


inflamed viscera 106 
Free fluid 56 
Abscess 29 
Purulent abdomen 35 


Presence of intraoperative contamination, No. (96) 
None 473 440 893 (72.1) 


Moderate 118 147 265 (21.4) 
Severe 43 80 (6.5) 
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Ceftriaxone Sodium 










All patients 


Colorectal surgery 16/109 (14.7) 





Gastroduodenal surgery 5/74 (8.1) 
Small-bowel surgery 2/28 (7.1) 
Other laparotomy 4/67 (6.0) 
Appendectomy 3/186 (1.6) 
Hepatobiliary surgery 4/161 (2.5) 
Total 35/625 (5.6) 
95% confidence interval, % (3.8-7.4) 
Prophylaetic therapy 
Colorectal surgery 4/56 (7.1) 
Small-bowel surgery 0/11 (0.0) 
Hepatobiliary surgery 3/99 (3.0) 
Other laparotomy 1/54 (1.9) 
Gastroduodenal surgery 1/4 (2.4) 
Appendectomy 0/123 (0.0) 
Total 9/384 (2.3) 
95% cenfidence interval, % (0.8-3.9) 
Treatment therapy 

Gastroduodenal surgery 5/33 (15.2) 
Colorecta! surgery 12/53 (22:6) 
Other laparotomy 3/13 (23:1) 
Appendectomy 3/63 (4.8) 
Small-5owel surgery 2/7 (11.8) 
Hepatobiliary surgery 1/62 (1.6) 
Total 26/241 (10.8) 
95% confidence interval, % (6.9-14.7) 


Table 2.— Incidence of Wound Infection 


—_-_- a 
Cefamandole Naftate and 








No. Total No. (%) 






Sodium Carbonate 

































13/142 (9.2) 29/251 (11.6) 18* 
9/68 (13.2) 15/42 (10.6) .32* 
3/39 (7.7) 5/67 (7.5) .93* 
3/69 (4.3) 7/136 (5.1) 67* 
8/152 (5.3) 11/338 (3.3) .06* 
6/143 (4.2) 10/304 (3.3) A1* 
42/613 (6.9) 77/1238 (6.2) 83 
(4.9-8.9) 
6/75 (8.0) 10/131 (7.6) 85* 
2/22 (9.1) 2/33 (6.1) 28* 
2/74 (2.7) 5/173 (2.9) .89* 
2/50 (4.0) 3/104 (2.9) 53* 
1/33 (3.3) 2/74 (27) 87* 
1/103 (1.0) 1/226 (0.4) 28* 
14/357 (3.9) 23/741 (3.1) 22 
(1.9-5.9) 
8/35 (22.9) 13/68 (19.1) 42* 
7/67 (10.5) 19/120 (15.8) .07* 
149 (5.3) 4/32 (12.5) 14* 
7/49 (14.3) 10/112 (8.9) .08* 
147 (5.9) 3/34 (8.8) 51* 
4/69 (5.8) 5/31 (3.8) .24* 
28/256 (10.9) 54/497 (10.9) .95 
(7.1-14.7) 






*These subgroup comparisons should be evaluated against the nominal significance ievel of P<.0028 that allows for multiple testing. 
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Comparison of the cumulative wound infection rates for the groups 
under study. Squares indicate ceftriaxone sodium group; circles,cefa- 
mandole naftate anc sodium carbonate group. 


higher incidence of Clostridium difficile-associated diarrhea 
(two vs nine cases), an overall low incidence of side effects was 
associated with both agents. Three patients developed a rash 
(two in the ceftriaxone group and one in the cefamandole 
grcup), and one patient became dizzy and nauseated immedi- 
ately after the administration of a dose of cefamandole. We 
detected ro clinical evidence of a drug-related coagulopathy, 
and hospitalization patterns were similar in the two groups of 
patients, eg, for both groups the median postoperative stay 
was 8 days. 
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Microbiologic Findings 


Culture isolates were available for 8896 (68/77) of the infect- 
ed wounds (Table 5). Multiple organisms were cultured from 
35 patients (51% of wound cultures) Nonenteric organisms, 
most commonly Staphylococcus aureus and Staphylococcus 
epidermidis, were cultured as a single or mixed growth in 27 
patients (40% of wound cultures). Methicillin-resistant sta- 
phylococci are not endemic in Western Australia and were not 
encountered in this study. There was no evidence of increas- 
ing resistance to either cephalosporin during the course of the 


study. 
Cost-Benefit Analysis 


The factors considered in the cost-benefit analysis were the 
cost of 1 g of each agent (ceftriaxone, $19.98; cefamandole, 
$5.42), the cost of materials for each injection ($0.90), and the 
cost of the 7.5 minutes of nursing time for each injection 
($1.90). The total cost of each dose was therefore $22.78 for 
ceftriaxone and $8.22 for cefamandole, ie, a cost savings of 
63.9% in favor of cefamandole prophylaxis. However, when 
these basic costs were applied to patients who received treat- 
ment regimens, there was a cost savings of 23.0% in favor of 
ceftriaxone, ie, patients who required treatment received 
1335 doses of ceftriaxone ($127.48 per patient) and 5056 doses 
of cefamandole ($165.41 per patient). The cost of each days’ 
treatment was $22.78 for ceftriaxone and $32.88 for cefaman- 
dole. The average duration of parenteral therapy was slightly 
longer for the ceftriaxone group (2.14 vs 2.06 days), but these 


Cefamandole and Ceftriaxone —Hall et al 


Vound Infections According to Risk Factors* 


No./Total No. (%) 
Cefamandole 
Naftate and 
Sodium Total 
Carbonate (N = 1238) 


17/80 (21.3) 


present (17.2) 21123 (17.1) 


sent at surgery 
antimicrobial 
agents. G : 
Diabetes melitus 
intestinal stoma 
present... 
WBC court 
DEO. x DAL 
‘Body mass index, 
. kg/m? 30.0 
Operation time 
100 min 
Preoperative stay in 
hospital 5 d 
ASA score >2 


22/134 (18.4) 
10/67 (14.9) 


16/111 (14.4) 
6/44 (13.6) 
14/114 (12.3) 
23/160 (14.4) 20/199 (10.1) 43/359 (12.0) 


16/14 (14.0) 13/128 (10.2) 29/242 (12.0) 
. 23/204 (11.3) 23/195 (11.8) 46/399 (11.5) 
26/283 (9.2) 34/282 (12.1) 60/565 (10.6) 


“WBC indicates white blood celis; ASA, American Society of Anesthesiolo- 
gists. 


: ; | Table 4. --Incidence of Adverse Events After Surgery 





No. {%) 


Ceftriaxone Cefamandole Total 
| (ne625 (n=613)  (N-1238) 















Major adverse events 











q Ded ^ o 25 (4.0) 35 (5.7) 60 (4.9) 
"Intraperitoneal sepsis — 24 (3.8) 24 (39) 48 (3.9) 
Reoperation | 22 (6.5) 29 (47) 51 (4.1) 
Perineal wound infection 1/5 (20.0) — 2/8 (250) 3/13 (23.1) 
Minor wound morbidity 
Minor infection 19 (3.0) 20 (3.3) 39 (3.2) 
Dehiscence - | 
Superficial 11 (1.8) 12 (2.0) 23 (1.8) 
Deep - 1 (0.2) 2 (0.3) 3 (0.2) 
Hematoma. 6 (1.0) 8 (1.3) 14 (1.1) 
Nosocomial infection | 
Pulmonary complication 153 (24.5) — 186 (30.3) — 339 (274) 
Urinary tract infection 45 (82) 72 (11.7) 117 (9.4) 
| le 44 (70) 62 (10.1) — 106 (8.6) 
24 (3.8) 24 (3.9) 48 (3.9) 










COMMENT 


ts of this prospective, randomized study demon- 
xmandole and ceftriaxone are of equal efficacy 


` Table 5.—Culture Isolates for the 68 Assessable Wound 
infections 
 Cefamandoie. 

Ceftriaxone Naftate and — 
Total Sodium Sodium Carbonate 
Organisin (N=68) — (n=30)  ines38 — — 
Staphylococcus aureus 6 EN 
Mixed coliforms | m. H 
Pseudomonas aeruginosa 
Staphylococcus epidermidis 
Streptococcus faecalis 
Escherichia coli 
Bacteroides species 
Entercbacter species 
Candida species 
Group D streptococci 
Citrobacter species 
Proteus mirabilis 


log Page box 


Pseudomonas maltophilia 
Morganella morganii 
Streptococcus sanguis 
Bacteroides ureolylicus 
Streptococcus milleri 
Group C streptococci 
Klebsiella species 
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affinity for plasma proteins with a serum half-life of 8,0 hours _ 
and a high tissue penetration, as evaluated by a blister fluid. 


model.'"* In contrast, cefamandole has a serum half-life o?0.8 


hours and a narrower spectrum of activity against gram- 

negative enterie organisms." | 
With regard to costs, ceftriaxone is far more expensive per 

dose than is cefamandole. However, because of its long kalf- 


life and the adequacy of the administration of a single doseper — : 
day, ceftriaxone is more economical than cefamandole when o 


patients require prolonged therapy. On the other hand, when : 


only single-dose prophylaxis is required, cefamandole thera- __ 
py is associated with a considerable cost savings. It hasbeen 
claimed that the use of single-dose prophylaxis is just as- | 
effective as is extended prophylaxis for patients undergcing __ 


abdominal surgery’*”; our study provides additional svi- - 
dence to support this claim. The 6-hour cover provided by- 
cefamandole was just as effective as the 24-hour cover provid- — 
ed by ceftriaxone. This finding has significant financial impli- - 
cations, as cephalosporins account for 35% to 50% of the tetal - 
parenteral antibiotic budget in acute-care hospitals." In these _ 
times of financial austerity and accountability, institutions - 
must consider the cost-benefit profile of antimicrobial agents _ 
that are recommended for routine therapy. B 

Single-dose prophylaxis is inadequate in the presence of . 
gross peritoneal infection or contamination.” In our study, - 
patients who were selected for treatment rather than prop1y- - 
laxis had a much higher incidence of wound infection (10.9% vs 
3.1%). Surgeons can make accurate predictions about out- 
come measures based on clinical and intraoperative cireum- 
stances.” Hence, the present bias toward the performance of 
clinical trials in patients who only require prophylaxis ap- 
pears to be irrational and has resulted in the relative exclus.on - 
of an important group of patients from clinieal investigation. | 
To make clinical trials more relevant to clinieal practice, it 
may be appropriate to perform concurrent studies of prophy- 
lactic and treatment regimens in large numbers of patients - 
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ta on of baseline char- 
tribution of putative risk 





review of the cumulative wound infection rates in our 
udy indieates stabilization occurred only after the evalua- 
tion of approximately 600 patients. This reinforces the need 
‘or skepticism about clinical trials of antimicrobial agents that 
| include relztively small numbers of patients.’ 
© We observed that both trial agents were associated a low 
incidence of side effects. The cefamandolemolecule contains a 
methylthiotetrazole side chain that can inhibit the vitamin 
_K-dependent carboxylase responsible for converting clotting 
factors II, VII, IX, and X into their active forms.* Although 
prophylactic vitamin K was not routinely administered dur- 
. ing our study, no clinical evidence was noted of an increased 





‘sible consequence of ceftriaxone's high biliary bile penetra- — 





efamandole to bleed. A pos- 


tion" is a high excretion rate of this drug into the gut, with an 
increased susceptibility to enteric infections. However, we 
observed a higher rate of C difficile infections in the cefaman- 
dole group. | 

In conelusion, cefamandole and ceftriaxone are of equiva- 
lent efficacy in the prevention of wound infection after abdom- 
inal surgery. Considerable cost containment can be achieved 
by the use of cefamandole for prophylaxis and ceftriaxone for 
prolonged therapy. 


We thank the nursing, pharmacy, and medical staff who helped in the 
performance of this study. We are especially grateful to the members of the 
Department of General Surgery for their strong support. 
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Surgical Treatment o 


Disease of the Liver 


A 20-Year Experience 





Paolo Magistrelli, MD; Riceardo Masetti, MD; Roberto Coppola, MD; Angelo Messia, MD; 


Gennaro Nuzzo, MD; Aurelio Pieciocchi, MD 


* The medica! records of 135 consecutive patients (74 women 
and 61 men) who underwent surgery for hydatid liver disease 
were reviewed. The patients ranged in age from 4 to 81 years. 
Twenty-seven patients had undergone previous surgery for hy- 
datid liver disease. Cysts were solitary in 100 patients and multi- 
ple in 35 patients. Seventeen patients had concomitant extrahe- 
patic disease. Conservative procedures were used in 71 patients 
(capitonnage in 50 patients and partial pericystectomy in 21 
patients). Radical procedures were used in 64 patients (tctal 
pericystectomy in 35 patients, subtotal pericystectomy in 16 
patients, and wedge or major liver resection in 13 patien:s). 
Operative mortality was 2.2% and morbidity rate was 23.7%. 
Recurrent cisease was found in 13 patients at a mean interval of 3 
years from the first operation. Better short- and long-term results 
were obtained with the use of radical procedures. 

(Arch Surg. 1991:126:518-523) 


e; Italy (Dr Masetti). 
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contents but does not include removal of the pericyst. The 
latter achieves complete removal of both the cyst and the 
pericyst. 

Censervative procedures are easier to perform, but the 
rate of postoperative complications and the duration of hospi- 
tal stay are not always satisfactory.’ In addition, data about 
long-term results are usually lacking.“ Radical procedures 
have lower rates of complications and reeurrences, but 
man; authors consider them inappropriate, claiming that 
intraoperative risks may be too high for a benign disease.” In 
this artiele, we have retrospectively reviewed 135 consecu- 
tive cases of hydatid disease of the liver treated surgically 
over a 20-year period, focusing attention on the results ob- 


tained with the use of different operative techniques. 
PATIENTS, MATERIALS, AND METHODS 


Between 1967 and 1986, 141 patients with hydatid disease of the 
liver were admitted to our department. Five asymptomatic patients 
with small calcified eysts did not receive any treatment. Their condi- 
tions have been periodically controlled (mean control period, 5 years) 
and they have all remained asymptomatie, with no significant change 
in cyst size or morphologic features. One patient, who refused sur- 
gery, was discharged from the hospital on a regimen of medical 


_ therzpy and was later unavailable for the control group. 


The remaining 135 patients were treated surgically and constitute 


the study group of this review, There were 74 women and 61 men, 


infestation with E granulosus was confirmed hystologically in all 
cases. Twenty-seven patients (2096) had previously undergone one or 
more operations for hydatid liver disease. z^. 

Abdominal discomfort or pain was the most frequent symptom and. 
occured in 107 patients (79%); hepatomegaly occurred in 92 patients 


ranging in age from 4 to 81 years (median age, 46 years) Hepatic : 





|. (6896; dyspepsia oceurred in 70 patients (5295); fever and chills oc- 


curred in 41 patients (3096); and jaundice occurred in 19 patients 
(14%). | 
Results of serologic tests for Echinococcus (indirect hemagglutina- 


_ tion zest, complement fixation test) were abnormal in 86 (71%) of 118 


patients and borderline in seven patients. Eosinophilia, defined as 
more than 500 eosinophils per cubic millimeter, was noted in 58% of 


_ the 116 cases in which differential leukocyte counts were recorded. 
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Among the imaging techniques, plain abdominal roentgenograms 

iver seintiscan were used in the earlier part of our experience and 
later by ultrasoncgraphy and computed tomography. 
e have performed preoperative endoscopic retrograde 


seven patients). 

Surgical strategy varied over the 20-year period. While in the 
earlier part: of our experience we had preferentially used conserva- 
tive procedures (44 of 50 cases), since 1978, radical procedures have 
been performed in the majority of patients (58 of 85 cases). Altogeth- 
er, conservative procedures were used in 71 patients and radical 
procedures in 64 patients. 

Conservative procedures always accomplished complete removal 
of the endoeyst and of cyst contents, but not of the pericyst. The 
residual cavity was managed either by capitonnage (approximation of 
cyst walls with successive transfixed sutures from the depth to the 
surface) (60 cases) or by partial pericystectomy (resection of the 
extrahepatie portion of the pericyst) (21 cases). Procedures such as 
marsupialization, omentoplasty, or cystojejunostomy were never 
used in this series. 

Radical procedures always accomplished removal of the pericyst, 
endocyst, atid cyst contents. Total cystopericystectomy was the teeh- 
“nique preferentially used. It was attempted in 51 patients and com- 
pleted in 35: in 16 patients, due to firm adherence between the cyst 
and the inferior vena cava or hepatic veins, a small pericystic remnant 
-was left in place to avoid the risk of troublesome vascular lesions 
‘(subtotal perieystectomy). Wedge liver resection was used for super- 
- ficial, peripheral cysts (seven patients) and major liver resection was 

used for mu tiple unilobar cysts (two patients) or for cysts occupying 

<an entire lobe (four patients). Both in conservative and radical proce- 
-— dures, if clinical factors or operative findings suggested biliary tract 
involvement, intraoperative cholangiography was performed. 

Inthe instance of cystobiliary communications, treatment included 
closure of the communications with fine absorbable sutures anc chole- 
cystectomy with temporary transcystic external biliary drainage. In 
16 of the 1€ patients with intrabiliary rupture, migrated hydatid 
material was cleared from the common bile duct through a choledo- 
chotomy. If complete evacuation of the common bile duct was not 
achieved with certainty, transduodenal sphincterotomy (seven pa- 
tients) or hepaticojejunostomy (one patient) was also added. In the 
last three patients with intrabiliary rupture, migrated hydatic mate- 
rial was cleared preoperatively through an endoscopic sphincterot- 
omy, thereby avoiding the need for common bile duct exploration at 
surgery." 

Rupture of the cyst into the thoracie cavity was always managed 
using a thorseophrenolaparotomy. Communication was limited to the 
pleural space in two patients, and in two patients it involved the 
inferior lobe of the right lung. Treatment included removal of hydatid 
debris, closure of the diaphragmatic defect, and temporary drainage 
of the pleural cavity in the first two patients, while in the latter two 
patients an inferior pulmonary lobectomy was also required. 

Concomitant extrahepatic cysts were always managed synchro- 
nously with the hepatie eysts. Splenectomy was performed in 10 
patients and removal of multiple peritoneal cysts was performed in 
seven patients. | 

Patients were invited to periodic control sessions, at whieh time 
physical examination, liver tests, and abdominal ultrasounó were 





.. performed. Last control was in January 1990 (mean control period, 9 
4; years; range, 3 to 21 years). Fifteen patients were unavailable for 
.. follow-up (13 patients were treated by conservative procedures and 














patients swere treated by radical procedures). 
< Statistieal analysis of the data was performed using the Fisher 
c Exact Test and the x’ test, comparing morbidity and recurrence rates 
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Table 1.— Postoperative Morbidity 


Postoperative Morbidity After 


Radical 
Procedures, 
No. (%) 

4 (6.2) 


Conservative 
Procedures, 
No. (?6) 


10 (4)*(14.1) 
7 (9.8) 


Biliary fistula 
Pleural effusion 
Hemorrhage in the 

residual cavity 2 (1*27) — 
10x04 —— 
Pulmonary embolism Sa u 
20 (28.0) 
*Patients reoperated on. 


in the two treatment groups (radical or conservative procedures). P 
values were considered significant only if equal to or less than .05. — 


RESULTS | 


The mean postoperative hospital stay was 20 days. The 30-_ 
day mortality rate was 2.296 (3/135). One patient died during 
the operation of an irreversible anaphylaetic shock tha. oe- 
curred while cyst contents were being sterilized with hydro- 
gen peroxide. Two elderly patients, seen in the early years of 
our experience, both presenting with severe recurrent epi- 
sodes of acute cholangitis due to intrabiliary rupture of their 
cysts, died of hepatorenal failure, on the eighth and 12th 
postoperative days, following conservative treatment. 

In 32 patients (23.7%), specific complications develeped 
that required reoperation in seven cases (Table 1). Morbidity 
rate was 28% in the patients treated by conservative proce- 
dures and 1946 in those treated by radical procedures. 

Recurrent disease (defined as a growing hydatid cyst, in- 
creasing in size on successive ultrasound examinations) was 


found in 13 patients (10.8%) at a mean interval of 3 years from - 2s p 


the first operation (range, 2 to 6 years). Ten of these patients 


had been treated by conservative procedures and three pa- 4 - | 
tients had been treated by radical procedures. In 10 patients, — — 


recurrent cysts were located at the same site of the primary 
cyst, while in three patients they were located in the oppesite 
lobe. In all recurrent cases, the primary cyst contained 
daughter cysts. 


COMMENT 


Liver hydatidosis cannot properly be considered a “benign 
disease” as it is progressive, often recurrent (10% to 20% of 
cases), ^" may cause life-threatening complications, and zar- 
ries a mortality rate that reaches 10% in recurrences.” The 
disease is characterized by the progressive growth of the 
hydatid cyst, which in its mature form is a fluid-filled cavity, 
delimitated by an external dense host fibrous reaction (peri- 
cyst) and two internal parasite-derived layers (endocyst). 
The hydatid cyst slowly enlarges in the liver and usually 
remains asymptomatie for many years. Symptoms arise ei- 
ther when the cyst has grown enough to eause pressure on 
adjacent organs or when a complication occurs. Infection and 
intrabiliary rupture are the most common complications." 

The use of medications, ie, benzimidazcle compounds, to 
treat established echinococcal liver cysts remains disappaint- 


ing.^" Although the efficacy of high-dose mebendazole or _ E 


albendazole has been reported in some cases, little objective 


evidence exists to support these claims; low concentrations of - E 


active drug were found at surgery in cystic fluids of patients _ 
receiving long-term preoperative medical treatment, and - 
persistence of living parasites within the cysts was document- . 
ed in more than half of the patients." A recent multicenter - 
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Table 2. — Shor:- and Long-term Results 
Mortality, Morbidity, Recurrence, 
% % 


No. o 96 
Capitonnage 50 4.0 32.0 20.0 
Partial 
pericystectomy 2 11.1 


1 - 19.0 
Total pericystectomy 35 ats 20:0 5.9 
Subtotal 
pericystectomy 16 las 25.0 6.6 


Wedge liver resection 7 ee 14:2 Fs 
Major liver resection 6 TS bos ~~ 
Total 135 2.2 23.7 


10.8 
(3135) (32/135) (13/120) 


















study conducted by the World Health Organization has sug- 
gested that medieal treatment be restricted to inoperable 
cases or to the prevention of postoperative recurrences.“ 

Surgery thus remains the primary treatment for hydatid 
liver cysts. There is, however, considerable disagreement 
about the preferred surgical technique. The major issue of 
debate is whether complete removal of the pericyst is neces- 
sary to cure the disease properly and thus whether conserva- 
tive or radical procedures should be favored." 

Complete removal of the pericyst should allow the achieve- 
ment of two main goals: (1) a lower rate of postoperative 
complications, by reducing the incidence of biliary leakage*"*: 
and (2) a lower rate of recurrence, by allowing detection and 
correct treatment of exogenous daughter cysts." About the 
first point, biliary leakage is known to be the most frequent 
postoperative complication following surgery for hydatid liv- 
er disease. It has been reported to occur in as many as 50% of 
patients’ as a consequence of small, undetected communica- 
tions between the cyst and the bile ducts. It may lead to 
external biliary fistula or abscess formation that remarkably 
prolongs the hospital stay and occasionally requires reopera- 
tion. When conservative procedures are used, persistence of 
the pericystic layer, particularly if thick and calcified, may 
disguise biliary communications in the residual cavity. On the 
contrary, with complete dissection of the pericyst, biliary 
pedicles communicating with the cyst are more easily identi- 
fied and safely ligated in the healthy parenchyma. 

Demirci et al," in their series of 260 patients with hydatid 
disease of the liver, observed a 3.5% rate of postoperative 
biliary fistula in the group of 87 patients treated with radical 
procedures as compared with a 27.5% rate in the group of 173 
patients treated by externa! drainage. 

In a multicentric study conducted in France’ of 306 cases of 
operated-on hydatid cysts of the liver, biliary leakage proved 
to be the most common postoperative complication. It had a 
significantly lower rate (13%) in patients treated by complete 
removal of the pericyst ascompared with patientsundergoing 
other procedures (82%, P<.01). In our series, biliary leakage 
occurred more frequently following conservative rather than 
radical procedures (14.1% vs 6.2%), but the difference was not 
statistically significant. 

Local recurrence represents a major concern in hydatid 
liver disease."* Better understanding of the mechanisms of 
daughter cyst formation has shed new light on this problem.*” 
As the hydatid cyst enlarges, small aggregations of cells bulge 
from the inner layer of the endocyst (germinal epithelium) 
within the main cavity to form endogenous daughter cysts 
(Fig 1, top, white arrow). In some cases, the germinal epithe- 
lium also protrudes toward the external side of the cyst, to 
form exogenous daughter cysts (Fig 1, top, black arrow). This 
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Fig 1.— Top, Daughter cyst formation (white arrow) and exogenous 
(blac« arrow) daughter cysts may develop from the inner germinal 
layer Center, If conservative procedures are used, possible exoge- 
nous daughter cysts will remain undetected, as they cannot be seen 
from the residual cavity with the pericyst left in the liver. Bottom, 
Complete removal of the pericyst allows detection and correct treat- 
ment of exogenous daughter cysts, reducing the risk of local 
recusrences. 


phenomenon seems to occur more frequently than previously 
suspected." Tagliacozzo," in his series of 97 total cystopericys- 
tectomies, found 22 cases (23%) of exogenous daughter cysts, 
and a similar rate was reported by Assadourian et al.* In our 
seri2s, exogenous daughter cysts were found in 12 (19%) of 64 
patients (Fig 2). 

Exogenous daughter cysts, if untreated, may cause local 
recurrence of the disease. Unfortunately, they cannot be 
visualized from the residual cavity, as they do not communi- 
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Fig 2.—Total cystopericystectomy specimen. A small exogenous vesiculation is visible on the external surface of the 
pericyst (left); no communication exists between the main cyst and the exogenous daughter cyst (right). 





Fig 3.—Top left, Serial computed tomographic scan of a patient with three hepatic echinococcal cysts. Top right, Operative 
specimen (main cyst) following closed cystopericystectomy. Bottom left, A small incision of the superior portion of the cyst 
wall allows visualization of its abundant contents. Removal of the cyst when closed eliminates the risk of accidental 
peritoneal spillage of cyst contents during controlled evacuation. Bottom right, View of cyst contents. Scolicida! agents 
cannot reach all the hundreds of vital daughter cysts contained within the main cyst. 


cate with it; thus, their detection and correct management is 
possible only if the pericyst is completely removed. There- 
fore, radical procedures should better control the problem of 
local recurrence. 

These data were confirmed in our series. Of the 10 patients 
who presented with a recurrence at the same site of the 
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primary cyst (local recurrence), nine had undergone conser- 
vative surgery and one had undergone a subtotal pericystec- 
tomy (this patient had a huge, medially located cyst, with 
extensive, firm adherence to the compressed inferior vena 
cava; for these reasons, perieystectomy was not completed, 
even if exogenous daughter cysts were found in the dissected 
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. patient after 33 months). 

Local recurrenee rates were thus 1695 (9/58) following 
conservative treatment and 296 (1/52) following radieal 
treatment. This difference was statistically significant 
(.01<P<.05), 

A critical analysis of the results in this series indicates that 
mortality and morbidity were not correlated to the surgical 
procedures, The three deaths were unrelated to the forms of 
therapy and although patients treated by conservative proce- 
dures had a lower rate of postoperative complications, the 
difference had no statistical relevance. On the contrary, local 
recurrence was better controlled by the use of radical tech- 
niques. The statistical relevance of these data, however, 
needs to be eonfirmed by prospective randomized trials. 

In conclusion, although radical procedures seem to offer 
better contro! of local recurrence, they cannot be proposed as 
the standard surgieal treatment for hydatid disease of the 
liver. In our opinion, operative strategy should be tailored to 
the individual patient, considering his age and general status 
and ‘ollowing an accurate preoperative evaluation of size, 
number, and location of the cysts, interference with the bili- 
ary system or vascular supply of she liver, and eventual 
presence of extrahepati disease. 

Radical procedures should be favered when possible, but 
conservative techniques remain indicated whenever general 
or loeal factors render radical treatment a risk. Among radical 
procedures, total cystopericystectomy should be preferred, 
as it does not require any sacrifice of liver parenchyma. Some 
bleeding may occur during dissection of the pericyst, due to 
the absence of a true surgical cleavage with the liver paren- 
chyma; however, if the dissection is conducted cautiously, 
with progressive ligation of all biliary and vascular pedicles 
and ‘eaving a small pericystic remnant in case of firm adher- 
ence to the major hepatic vascular structures, it may be safely 
performed in many cases, 5** 

In our 51 patients treated with total or subtotal cystoperi- 
cystectomy, there was no operative mortality, the morbidity 
rate was 21%, and the mean postoperative hospital stay was 





porticn of the pericyst; local recurrence developed in the 16 days. Requin 









ad blood replacement seldom exceeded 1 U. 


Total pericystectomy may be performed with or without 


preliminary controlled evacuation of cyst contents (*open" or 
“closed” pericystectomy). Closed pericystectomy eliminates 
any risk of accidental cyst fluid spillage (which can occur even 
during controlled evacuation); it may, however, imply a high- 
er surgical risk, as control of the vascular and biliary struc- 
tures during dissection of the pericyst is less easily achievable - 
with the intact cyst in situ. It should thus be limited only to 
selected cases (small, peripheral cysts). In our series, it was 
performed in 12 (84%) of 35 patients. 

When evacuation of the cyst is deemed necessary, both in 
conservative and radical procedures, several precautions 
should be adopted to prevent contamination of the peritoneal 
cavity: (1) packing of the peritoneal space with swabs soaked 
in scolicidal solutions"; (2) partial decompression of cyst fluid, 
which is usually under pressure, before opening the cyst*; and 
(3) predisposal of multiple wide-tubing suckers, as cyst con- 
tents will frequently block suction devices during evacua- 
tion.’ 

As concerns intracystie injection of scolicidal agents, hav- 
ing in the past used formaldehyde solution, hypertonic saline 
solution, and hydrogen peroxide, we think that the utility of 
this procedure is highly questionable. In large univesicular 
cysts, dilution of the scolicidal agent is unpredictable and 
probably impairs its efficacy. In multivesicular cysts, the 
scolicidal agent cannot be expected to penetrate the hundreds 
of daughter cysts within the main cavity (Fig 3, bottom right). 
In addition, most of the currently employed scolicidal agents 
can cause serious complications, particularly if the cyst com- 
munieates with the biliary system. Sclerosing cholangitis and 
acute pancreatitis have been reported with the use of formal- 
dehyde solution," hypertonic saline solution,” and silver ni- 
trate.” Air embolism and anaphylactic shock may follow the 
use of hydrogen peroxide,” as occurred in one of our patients 
who died during surgery. For these reasons, we have aban- 
doned intracystic injection of scolicidal agents after several 


years and agree with Saidi” in considering it “an ineffective 


ritual which is neither standardized nor reliable.” 
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iand his colleagues are to be congratulated onthis 
ination of their approach to hydatid disease over 
iey have provided a useful summary of clinical 
and their experience of the evolution of modern 
niques. They have been particularly interested in 
ystopericystectomy (either complete or partial) 
ig this more radieal procedure with eonventional 
j ading the laminated mem- 








: The stated recurrence rate is 10.8% at a mean time of 3 
years, Recurrence is carefully defined as cysts increasing in 
size over successive ultrasound examinations. Does this mean 
that all patients operated on 15 to 20 years ago have had 
successive ultrasound examinations? If so, this is an impres- 
sive achievement. If they have not, then the recurrence rate 
may be higher than 10.8%. It would have been helpful to know 


the cumulative rate of recurrence. 


explained. 
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In our own study, the crude rate of recurrence in pati 
discharged from the hospital apparently free of h 
ease was 15%. The cumulative recurrence rate v 
months. Our own figure included hydatid disease 
in any site, and it is not clear from this article whe 
rence refers only to hepatic hydatids or whether all hydat 
have been included. NE 

Part of the ease for “radical” surgery rests on the dete 
of exogenous daughter cysts that supposedly cannot be 
ed except by resection of the pericyst. Operative ultra 
however, is helpful in detection of exogenous daughter cy 
without the necessity for what can be a hazardous dissection, — 
Indeed, computed tomographic scanning and ultrasound be- | 
fore operation as well as ultrasound during the operation will. 
help to define the anatomy and extent of the cyst, the presence- 
of exogenous daughter cysts, and the all-important relation- — 
ships of the cyst to the hepatic vascular structures. 


“Radical” surgery is also said to reduce the incidence of | > 
troublesome bile leaks. Although we perform far fewer eyste- 
pericystectomies, the incidence of troublesome bile leakage m 
our own patients is approximately 1.5%. A eareful search for 
bileleaks and their deliberate closure, supplemented by omen- 
toplasty, seems to be just as successful as cystopericystect- 
omy. 

Our own group would completely endorse the concept that 
treatment should be appropriate to the individual and his cys:, 
and that no single operation will suit all hydatid cysts. Cyste- 
pericystectomy is not without its dangers, and the older opera- 
tion of evacuation, partial excision, and closure of bile leaks 
continues to provide a good and safe operation, without a need 
for blood transfusion, for the majority of patients. 


J. M. LITTLE, MD 
Westmead, Australia 


FINA 








| Shimon Reif, MD; Daniel G. Sloven, MD; Emanuel Lebenthal, MD 


- Fifty children and adolescents were found to have gallstones at Children’s Hospital of Buffalo (NY) during 

a period of 10 years. The mean (+ SD) age was 12.2+6.2 years, with 21 boys and 29 girls. The majority of 
..' patients could be eategorized into four groups: hemolytic disease (18 patients), parenteral nutrition (eight 
| patients), adolescent pregnancy (seven patients), and idiopathic (10 patients) while seven patients had a 
| variety of other etiologies. Right upper quadrant pain was the most common symptom (32 patients), followed 
by jaundice (15 patients), vomiting (13 patients) and nonspecific abdominal complaints (13 patients). Ten 
patients presented with jaundice and underlying hemolytic disease; seven patients were asymptomatic. 
Clinical presentation was found to vary with age and factors associated with the development of gallstones. 
|. Ultrasonography was the mode of diagnosis in 48 patients. Cholecystectomy was performed in 36 patients. 
| In contrast to gallstones in adults, after exclusion of the patients with adolescent pregnancy, there was no 
| female predominance. Pancreatitis was the most common complication, oecurring in 896 of the patients; 
|. -choleeystitis and cholangitis were absent (AJDC. 1991;145:105-198). 
{> Reprint requests to Department of Pediatries (402), Hahnemann University School of Medicine, Broad and Vine Streets, 
| Philadelphia, PA 19102-1 192 (Dr Lebenthal). 
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? Hypoprothrombinemia and Hemorrhage in a 
Surgical Patient Treated With Cefotetan 


C. Wiliam Keiser, MD; John D. McAuliffe. MD; Richard J. Barth, MD; John A. Lynch, MD 


v.e 9 For 4 days before surgical repair of a diverticulitic colovesi- 
eal fistula and for 6 cays after, & 63-year-cid man was treated with 
_ 2g of intravenous cefotetan disodium every 12 hours for associ- 

ated urosepsis with bacteremia. Postoperatively, the patient fol- 
lowed a diet of intravenous nutrition only. Uneventful convales- 
. cence was interrupted by signs of sudden major blood loss, 
accompanied by prolonged prothrombin time. After stabilization 
with packed red blood cells, fresh plasma, crystalloids, and par- 
enteral vitamin K, laparctomy revealed a huge intra-abdominal 
clot, which was evacuated. This case iliustrates the risk of unex- 
pected hypcprothrombinemia and hemorrhage in a cefotetan- 
treated surgical patient who demonstrated none of the usual 
<- comerbid conditions generally described in patients with antibi- 
otic-induced hypoprothrombinemia. Like cefamandole nafate, 
cefoperazone sodium, moxalactam discdium, and other cepha- 
losperins containing the methyithiotetrazole side chain, cefote- 

tan appears to pose an unusuel risk of major bleeding. 

(Arch Surg. 1991;126:524-525) 


Ithough virtually all antibiotics have been reported to 

à. cause bleeding following administration, few studies 

clearly distinguish between bleeding as a complication of the 

_ patient's underlying disease and the adverse hematologic ef- 
fects of the antibiotics administered.’ It is commonly be- 
lieved that most anzibicties can cause hypoprothrombinemia. 
. . However, only in certain cephalosporins with a methylthiote- 
... trazole (MTT) side chain have several studies shown hemor- 
rhaging to occur secondary to antibiotic-induced hypoproth- 


rombinemia. Such cephalosporins inelude cefamandole 


face, cefoperazone sodium, moxalactam disodium, and, 

ost recently, cefotetan disodium. ** | 

We recently treated a patient who developed significant 

ntra-abdomina! bleeding in eonjunctien with cefotetan (Cefo- 
1) therapy without the usual predisposing risk factors de- 

scribed by Smith et al.* 
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REPORT OFACASE 


The »atient was an afebrile 63-year-old white man admitted with 
pneumaturia. He was currently taking 50 mg of furosemide (Lasix) 
every cther day; 1 mg of prazosin hydrochloride, 300 mg of theophyl- 
line anaydrous, and 10 mg of dieyclomine hydrochloride twice daily; 
and aluminum hydroxide gel (Mylanta) as required. There was no 
history of alcohol or substance abuse, bleeding, or easy bruising. His 
height was 168 em and his weight, 72.23 kg. 

On admission, laboratory tests produced these values: hemoglobin, 
142 g/L; hematocrit, 0.40; white blood cells, 9.8 x 10°/L; platelets, 
206 x 1)'/L; serum urea nitrogen, 6.5 mmol/L; creatinine, 50 pmol/L; 
prothrombin time, 10.4 seconds (normal, 10.1 to 12.4 seconds); partial 
thromboplastin time, 27.5 seconds (normal, 23.1 to 34 seconds); lae- 
tate dehydrogenase, 185 U/L (normal, 88 to 216 U/L); aspartate 
aminotransferase, 49 U/L (normal, 7 to 41 U/L); alanine aminotrans- 
ferase, 58 U/L (normal, 4 to 46 U/L); albumin, 32 g/L (normal, 35 to 47 
g/L); and total protein, 57 g/L (normal, 60 to 82 g/L). 

Unire on admission was cloudy and slightly bloody; the spun sedi- 
ment revealed (per high-power field) white blood cells too numerous 
to count, five to 10 red blood cells, and moderate numbers of bacteria. 
A Gram’s stain of one drop of unspun, midstream urine disclosed 
humerous gram-negative rods and occasional gram-negative diplo- 
cocci. 3lood samples were drawn for culture. The patient was placed 
on a general diet. i 

Despite the patient's afebrile state, a diagnosis of urosepsis due to 
one or more fecal organisms was made and ampicillin sodium and 
gentamicin sulfate were administered. Treatment with clindamycin 
phosphate was begun the next day. A cystoscopy was performed on 
the seeond hospital day, revealing a fistulous opening in the bladder. 
The patient was placed on a clear liquid diet. Later that day, urine 
taken on admission was found to contain Escherichia coli and Klebsi- 


ella greater than 10'/mL, while a culture of blood taken on admission —. 
ture spiked to 39°C (per rectum) _ 





yielded E coli. The patient's temper: ! 
on the second hospital day. Because of the proven urosepsis and 
bacteremia, planned surgery was deferred, Treatment with the three 
initial antibioties was discontinued, and administration of cefotetan, — 
to wh:ch the urine and blood isolates were susceptible, was then 
begun. Two grams of cefotetan were administered intravenously 
every 12 hours for 4 days, at which time the patient underwent repair 
of a pestdiverticulitic colovesical fistula. No hemostatie difficulty was 
noted. and no malignant neoplasms were found in the resected speci- 
men. The patient was maintained on parenteral fluids and intrave- 
nous protein-lipid-glucose nutrition only. 

Poszoperatively, 2 g of cefotetan continued to be administered 
every 12 hours. Six days after surgery, the patient's abdomen became 
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developed hypotension and oliguria. Tes! 
28: hematocrit, 0.25; hemoglobin, 82 g/L; prothre 
than 50 seconds; partial thromboplastin time, 31 
‘count, 551 x 10°/L; and bleeding time, 4 minutes. 
lisseminated intravascular coagulation workup were 
tan therapy was discontinued. 
fusion of 6 U of fresh-frozen plasma, 9 U of packed red 
1 erystalloid solution and administration of parenteral 
patient's blood pressure stabilized, and his prothrom- 
me ped to 19 seconds. Laparotomy was then performed, at 
which time huge, left lower quadrant and pelvic clots were evacuated 
-without identification of obvious bleeding points. — l 
"Thereafter, the patient did well and was discharged 18 days after 
surgery with a prothrombin time of 12 seconds and a partial thrombo- 


plastin time of 25.8 seconds. - | 

. Bleeding in conjunction with the administration of antibi- 

oties has been reported often in the literature and is usually 
ascribed to hypoprothrombinemia. The MTT side chain of 
certain cephalosporin antibiotics inhibits the vitamin K- 
dependent gamma-carboxylation of glutamie acid necessary 

for generation of clotting factors II (prothrombin), VII, IX, 
andX. 

Normally, vitamin K is ingested from many foods, especial- 
ly leafy, green vegetables (eg, spinach, broccoli, and cab- 
bage), egg yolks, and vegetable oils; when used as a cofactor 
in the synthesis of the clotting factors noted, it is converted to 
vitamin K 2,3-epoxide. This inactive epoxide is then reduced 
back to vitamin K in two steps, the first of which is effected by 
vitamin K apoxide reductase. Thus, vitamin K is recycled and 
reused by the body. One result of this recycling is the great 
difficulty in inducing vitamin K deficiency in human volun- 
teers, even when they follow vitamin K-deficient diets for 
many weeks." Like the anticoagulant sodium warfarin (Cou- 

. madin), the MTT side chain selectively inhibits the vitamin K 
epoxide reductase, rapidly halting vitamin K reusage. In 
. patients not ingesting vitamin K, such as surgical patients 
receiving parenteral nutrition without vitamin K supple- 
ments, vitamin K deficiency is readily produced. 
— "The MTT side chain is released from MTT-containing ceph- 
- alosporins either spontaneously in solution, by the action of B- 
 lactamases. or by the antibiotics antibacterial action. Most 
previously reported cases involving cefotetan have described 
prolonged prothrombin time without bleeding." Indeed, 
hemorrhage is said not to be a common side effect of cephalo- 
: sport antibiotics when given to patients who are not critically 




































"However, our patient demonstrated none of the usual 
morbid conditions generally described in association witi 
cephalosporin-related hypoprothrombinemic bleeding, ie, re- 
nal failure, severe malnutrition, biliary obstruction, eirrho- 
sis, prolonged gastric drainage, bowel obstruction, and malig- 
nant neoplasms.‘ 3 
Our experience suggests that administration of cefotetan . 
for other than perioperative prophylaxis to surgical patients 
receiving no food by mouth should be monitored carefully 
with serial prothrombin times and accompanied by vitamin K- 
injections. Indeed, Lipsky' recommends the concurrent ad- - 
ministration of prophylaetie parenteral vitamin K to help. 
prevent cefotetan-associated bleeding in hypoprothrombine- . 
mic patients. | : 
Ampicillin, gentamicin, and clindamycin have not been re- . 
ported to cause hypoprothrombinemia or hemorrhage." Our. 
patient's experience illustrates the unusual risk of bleeding _ 
with the administration of cefotetan, as described by MeClos- —: 
key.5 In his analysis of adverse reaction reports to the US - 
Food and Drug Administration, McCloskey demonstrates — 
that the frequency of reports of major bleeding with cefote- 
tan, in conjunction with hypoprothrombinemia, is approxi- 
mately 44 times greater than the mean frequency of reports of 
such bleeding with seven non-MTT cephalosporins. In eom- 
parison, the frequencies of such reports with moxalactam and . 
cefoperazone are, respectively, approximately 73 times and — 
16 times the mean frequency of reports of seven non-MTT 
cephalosporins. Our experience is consistent with MeClos- 
key's statement that, because many therapeutically equiva- 
lent non-MTT antibioties are available, the wisdom of using 
MTT-containing cephalosporins should be questioned." 
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- APACHE Il Scores in the Prediction of 
Multiple Organ Failure Syndrome 

To the Editor.—The recent paper by 
Cerra et al' presents the results of a 
 elinical study using the AFACHE II 
 (aeute physiology chronie health 
evaluation) score to preciet the develop- 
ment of and mortality associated with 
multiple organ failure syndrome. The 
authors conelude thet the APACHE II 
score is an insensitive predictor of this 
disease. We would like to highlight sev- 
eral shortcomings in this study's meth- 
ods. 

The APACHE II risk prediction 
equation was designed to stratify the 
risk of unselected patients in 13 US 
medical and surgical intensive care 
units. In the retrospective study by 
Cerra et al, significantly different and 
more stringent selection criteria were 
used. Eligible patients all experienced 
precipitating events such as septic 
shock and subsequent surgical inter- 
ventions within 24 hours of acmission to 
the intensive care unit. In addition, eli- 
gible patients had to develop pulmonary 
failure, require mechanical ventilation, 
and stay in the intensive eare unit for at 
least 5 days. This patient selection bias 
is largely responsible for the miscalibra- 
tion and underestimation of organ sys- 
tem failure and subsequent death deter- 
mined by the APACHE IT system in 
this study. 

The risk of mortality in hospitalized, 
critically ill adults is influenced by four 
patient variables: the degree of physio- 
logic deviation from normal, age, co- 
morbid conditions, and disease. The 
APACHE H score is a weighted mea- 
sure of three of these four variables. 
Mortality predictions using the 
APACHE II equatien depend, in part, 
on the inclusion of the underlying dis- 
ease state in all calculations of outcome.’ 
This permits a more accurate under- 
standing of the relationships among dis- 
. _ ease, physiology. and the individuals 
= ability to recuperate from physiologic 


E . Stress. Using the scere alone in a multi- 
... diagnostic database can produce mis- 
 . leading conclusions regarding the in- 


trinsic risk of disease. Failure to 
incorporate the impact of disease in an 
analysis is a fundamental but, unfortu- 
nately, common flaw in the use of the 
: APACHE II systemas a research tool. 
CARL A. SiRIO, MD 
Bethesca, Md 

PAULO G. Bastos, MD 
WILLIAM A. Knaus, MD 
DOUGLAS E WAGNER, PHD 
Washington, DC 


(828 Arch Surg—Voi 128, April 1991 





i. Cerra FB, Negro F, Abrams J APACHE II 
segre does not predict multiple organ failure or 
mortality in postoperative surgical aatients. Arch 
Surg. 1990:125:519-522. 

2. Knaus WA, Draper EA, Wagner DP, Zimmer- 
man JE. APACHE II: a severity of disease classifi- 
cation system. Crit Care Med. 1985;:3:818-829. 


In Reply.—We appreciate the review 
and critique by Dr Sirio et al of our 
researeh relating the outccme assess- 
ment features of the APACHE II sys- 
tem in patients who develop multiple 
organ failure syndrome (MOFS). 

Two of their major criticisms impli- 
eate selective bias and the impaet of 
disease on the predictive outcome that 
we observed. An important observation 
is that the major cause of death in pa- 
tients in surgical intensive care units 
(SICUs) is MOFS. We assed, there- 
fore, if this large group o^ SICU pa- 
tients who develop MOFS curing the 7 
to 10 days after SICU admission can be 
discriminated from other »atients by 
their admission APACHE <I scores or 
by the predictive equation. |f one refers 
to Fig 1 of our article, the distribution of 
the APACHE II seores of our patient 
population was not differert from that 
of patients admitted to the general 
SICU or from that of the APACHE II 
national reference base.' Similarly, the 
disease categories of this group of pa- 
tients who developed MOFS were those 
of a general SICU admission profile in a 
university SICU. These cbservations 
indicated the absenee of either a selec- 
tion bias or a disease-relatec bias. Rath- 
er, several other concerns about the 
APACHE II system in this setting 
arise. These include: 

1. The database of the APACHE II 
sytem for SICU patients may not be 
suitable to produce a diser-minator ca- 
pable of determining which »atients will 
develop MOFS in a universizy ICU. 

2. The discriminators in the 
APACHE II system may rot have ei- 
ther sensitivity or specificity for those 
patients who will develop MOFS. This 
position is supported by several re- 
seareh observations: SICU patients 
tend to be physielogically stable on 
transfer to the SICU from te operating 
room or the trauma room; ¿she maximal 
metabolic response to injury is not 
reached untii several days after the in- 
jury has occurred; and the pathogenesis 
of MOFS seems to consist largely of 
cellular events that become manifest 
several days after injury. Thus, out- 
come discriminators that cre not time 
derived and that do not reflect the ther- 
apy that has been given or the metabo- 


lic/eellular injury may not be accurate 


predictors of outcome. 


Ideally, a severity stratification sys- 
tem would contain the minimum num- 
ber of variables necessary to adequately 
describe patients’ states, would use — 
only independent variables, and would 
provide insight into the nature of de- ` 
rangements of physiology and metabo- . 
lism in the critically ill patient. The first 
condition is necessary to adequately de- 
scribe the patient. The second condition - 
is necessary to employ variables in the. 
calculations that provide statistically in- - 
dependent information, and the third 
requirement is desirable to improve 
medical decision making. The 
APACHE II system scores 12 clinical 
variables. The variables reflect neither 
restoration of oxygen transport nor 
metabolic changes in the patient’s clini- 
cal course from shock to resuscitation to 
hypermetabolism. The APACHE II 
method derives a real number from 
these 12 variables. Each real number is 
then projected onto a number line, with 
consequent loss of all vector information 
by the statistical techniques devised for 
the APACHE II system. The predic- 
tive equations are then used in ICUs, to 
which patients are referred. Several im- 
portant questions arise. Does the meth- 
od apply to resuscitated, postoperative 
patients in the ICU? Because the vari- 
ables contained do not include those re- 
flecting either restoration of oxygen 
transport or metabolism, it seems, at 
first glance, that the APACHE H sys- 
tem might be insensitive to the mortal- 
ity prediction in many SICUs. Our 
study confirms this. Can a single num- 
ber adequately describe the state of a 
patient and a patient’s clinical course? 

The distinctions between control 
variables, response variables, depen- 
dent variables, and independent vari- 
ables are blurred in the conversion of 12 
dimensions to one number. Are the val- 
ues for the scoring system path indepen- 
dent? This question is analogous to that 
raised in thermodynamics for state vari- 
ables. Does the observer need to know 
the detailed path of the patient in a 


mathematical space to know the valueof > 


the measured variable, or does the val- 
ue depend only on a starting point and 
an end point? Does the method allow for 
nonlinear responses in what is funda- 
mentally a nonlinear physiology? Does 
this method distinguish hypermetabo- 
lism from other maladaptive responses 
to physiologic and metabolic stress? In 
their description of the APACHE II 
system, Knaus et al state that “the in- 
dex should be valid for a wide range of 
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sy to. use, and base 


e most, the data used for 
n of the APACHE II mod- 
quate. The notion of “easy 
fficult to evaluate. A system 
sed for ease of use may lack 
dimensionality necessary to provide 
: adequate description of clinical 
| courses. rally, the problem at hand 
is the. identification of the correct num- 
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| Emenee Abdominal Surgery, vol 17, edited 

by R. C. N. Williamson and M. J. Cooper, 272 pp, 
with illus, $125, New York, NY: Churchill Living- 
stone Inc, 19960. 


.. Thisis a superb text with 31 carefully 
- selected | authoritative contributions 
"from the United Kingdom, Australia, 
South Africa, and the United States. 
"This book is selective rather than 
comprehensive in its coverage of ab- 
dominal emergencies. For example, dis- 
eussion of peptic ulcer disease is limited 
to hemorrhage. Perforation and ob- 
struction are excluded. The coverage of 
this subject, however, is compactly 
complete in its discussion of the use of 
endoscopy in diagnosis, the role of con- 
. servative management (including phar- 
macologic and endoscopic therapy), in- 
.dieations for emergency surgery, and 
| timing. of surgical intervention. It also 
ce provides a advice concerning the type of 
Surgery to be performed in both duode- 
nal and gastric ulcerations. Although 
. the authors of this chapter outline their 
-own perspectives and prejudices, they 
are careful to present other points of 
view in a manner that challenges the 
reader to weigh options while reflecting 
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pon n ber of dimensions that will allow physio- 
in most hospitals.” If our 


logic and metabolic variables to vary 
simultaneously and nonlinearly while 
adequately describing patient course. 
We hope, along with Dr Sirio et al, that 
the APACHE III method will meet 
these requirements. 


FRANK B. CERRA, MD 
JEROME H. ABRAMS, MD 
Minneapolis, Minn 


on solutions to problems. In doing so, 
they have, indeed, whetted the appetite 
of the reader rather than sated his or 
her search for the "perfect solution" to a 
variety of vexing problems. 

This challenging format is followed by 
each contributor. Initial chapters evalu- 
ate new diagnostic techniques, includ- 
ing computer-aided diagnosis, imaging 
methods, and laparoscopy. Trauma, 
specifically in areas where management 
is controversial and difficult (liver and 
bile ducts, pancreas and spleen, and 
pelvic fractures) is discussed, followed 
by a detailed description ofthe complex- 
ities of septic shock. 

Ten chapters are devoted to common 
gastrointestinal emergencies, but those 
uncommon entities that occasionally, 
but definitely, disturb the composure of 
the general surgeon (obstructing enter- 
oliths, colonic pseudo-obstruction, and 
acute acalculus cholecystitis) are dealt 
with in a manner that stimulates the 
surgeon's thoughts regarding diagnosis 
and management. Chapters on the man- 
agement and the surgical complications 
of pancreatitis are singularly excellent. 

Gynecologic emergencies are dis- 
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cussed immediatelyafterthechapteron | 


appendicitis. The timely presentation of | n — 
these latter problems stirs thoughts: = 


about the differential diagnosis of the 
former. 

Finally, the editors have singled out 
two vascular problems that can, on occa- 
sion, vex the diagnosticand therapeutic 
ingenuity of the general surgeon to the. 
nth degree —ruptured abdominal aneu- 
rysms and mesenteric ischemia. 

This book is written for those who 
have a solid background in general sur- 
gery. Although emergeney abdominal 
surgery, admittedly, is covered incom- 
pletely, new developments and condi- 
tions of current interest in that arena 


are addressed through a stimulating, — — 


comprehensive, and thought-provoking . 


discussion of the diagnostic and thera- 7 


peutic options. I highly recommended 
this book, not only for the practicing 
general surgeon, but aiso for the resi- 


dent surgeon and for those preparing _ a 


for certification and recertification in 
general surgery. 


ARLIE MANSBERGER, JR, MD 
Augusta, Ga 
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after the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


Surge 
Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
800-237-985" O 813-443-7666 








es551O0na Opp ortunities 
WANTED: BE/BC general surgeon with interest and 
experience in non-carciac thoracic surgery; or tho- 
racic surgeon who enjoys general surgery; to assume 
practice of retiring double boarded thoracic/general 
surgeon. Thirty-six member muiti-specialty group 
in dynamic area hub city of 35,000 with six satellite 
offices in strategic locations, and referral area of 
300.000 plus. Superb hospital facilities, including 
CT, MRI, cardiac surgery, neuro-surgery, etc. 
Directed towards those concerned about quality 
family lifestyle and professional concerns. Contact: 
Recruitment Coordinetor, Park Clinic, 890 North 
Eisenhower Avenue, Mason City, IA 50401, or dial 
(800) 798-4321 for more information. 





Professional Opportunities 


LOVINGTON, NEW MEXICO: General surgeon 
needed for solo practice under the warm sun of 
southeastern New Mexico; assistarce with start-up 
costs is available. Excellent practice potential in this 
peaceful, family-oriented communitv, close to world- 
renowned Carlsbad Caverns. Con-act: NM Health 
Resources, Box 27650, Albuquercue, NM 87125. 
(505) 260-0993. Not-for-profit, no-fee placement. 


ALL SURGICAL SPECIALTIES. *orth Carolina. 
Florida, Indiana, nationwide. Dr. Len Goodman. 
5600 Executive Center Drive, #102, Charlotte, NC 
28212. (704) 536-2527. 









GENERAL SURGEON 


Excellent opportunity for the right indi- 
vidual to join solo general, vascular and 
thoracic surgical practice. 


Candidate should be BE/BC with post- 
residency vascular or cardiothoracic 
training or experience. Abeve average 
benefits, leading to early partnership. 
Modern, 200-bed hospital with wide ref- 
erral area. 


Beautiful Ithaca, New Yorx, home of 
Cornell University has been recently 
rated "the best small city in the East". 
Send CV to: 


Box #912, c/o AOS 










BC GENERAL SURGEONS — Two vacancies. 
Chief of surgical service and gene:al surgeon. Nine 
staff member department, major abdominal and 
ambulatory. 187-bed VA medical center in north- 
west Arkansas. University, sports cultural events. 
lakes and mountains. Competitive salary. Benefits 
include generous vacation, SL/insu-ance, retirement, 
no malpractice. Contact: Chief of Staff, (501) 
444-5020. 


WISCONSIN — THE MANITOWOC CLINIC seeks 
a BC/BE general surgeon to joir three physician 
surgery department in a busy 19 physician multi- 
specialty group. Ability to do gastroscopy, colonos- 
copy and peripheral vascular procedures desirable. 
Lovely community of 35,000 located mid-state on 
the shore of Lake Michigan. Gua anteed first year 
salary and excellent benefit package. Contact or 
send CV to: James Robinson, Adninistrator, Mani- 
towoc Clinic, 601 Reed Avenue Manitowoc, WI 
54221-1270. Telephone: (414) 682-8841. 


SOUTHERN MAINE — BE/BC general surgeon to 
join staff of modern 40-bed commu nity hospital with 
service area of 25,000. Cross-coverage provided by 
local surgeons. Ideal location close to skiing, lake 
region, award-winning schools, ard Portland. Send 
CV to: Kelly McMahon, Daniel Stern and Associates, 
Suite 240, 211 North Whitfield Street, Pittsburgh, PA 
15206. (800) 438-2476 or (412) 363-9700. 


COASTAL SOUTHERN CALIFORNIA: Seeking 
full-time general/vascular surgeor to join fast grow- 
ing multi-specialty group practice in north San 
Diego County. Generous compensation package, 
competitive salary, malpractice, medical/dental/life/ 
AD&D/disability. Wonderful living environment. 
Please send CV to: Physician Recruitment, The Mis- 
sion Park Medical Clinic, 2201 Mission Avenue, 
Oceanside, CA 92054 or call: (61€) 967-4892. 


BC/BE GENERAL/VASCULAR SURGEON. Thoracic 
experience or desire to train. Mult-specialty group. 
Start 1991 or 1992. Contact: David Manke, MD, West 
Side Clinic, SC, Post Office Box 19070, Green Bay, 
WI 54307-9070. 





A'l classified advertising orders, correspondence and payments should be directed to: Archives of Surgery, P.O. Box 1510, Clearwater, 
Florida 34617. Our telephone numbers are: 800-237-9851; 813-«43-7666. Please do not send classified ads, payments or related 
corres»ondence to the AMA headquarters in Chicago. This causes needless delay. 


Irquiries about “BOX NUMBER” advertisements: All replies must be in writin 
, C/o AOS, P.O. Box 1510, Clearwater, Florida 34617. W 
mail sent in care of Archives of Surgery. 


g and must cite the box number in the ad. Example: 
e are not permitted to divulge the identity of advertisers who wish their 


. Professional Opportunities — 


EXCEPTIONAL PARTNERSHIP opportunity with 
highly successful and respected general/vascular 
surgeon. Candidate must have recent vascular train- 
ing or experience. Beautiful, midwestern communi- 
ty of 25,000 has a four-year state university. Highly- 
regarded, 155-bed hospital provides all necessary 
services. Enjoy low cost of living, excellent lifestyle, 
and wholesome, family-oriented recreational and 
cultural amenities. $140,000 salary plus bonus with 
no buy-in for partnership. Please respond quickly. 
Send CV or call: Todd Dillon, Jackson and Coker, 
Inc., 115 Perimeter Center Place, Suite 380 10234, 
Atlanta, GA 30346. Telephone: (800) 544-1987. 


NORTHEAST NEW YORK: Excellent opportunity 
for a BE/BC general surgeon to become the fourth 
member of a general surgery practice. Practice is 
located in a lovely family oriented, college commu- 
nity of 30,000 which has a progressive 420-bed 
regional referral hospital which just opened a new 
regional cancer center. Plattsburgh is less than an 
hour from the Olympic-Lake Placid region and 
Montreal, and on the shore of Lake Champlain. 
There are excellent schools, affordable real estate 
and an active community arts council. For more 
detals or to view a video of the hospital and commu- 
nity contact: Hannah Hanford, Box 1656, Platts- 
burgh, NY 12901. (518) 643-2998. 


BC/BE GENERAL SURGEON needed in four sur- 
geon department to replace retiring colleague in 85 
physician multi-specialty group. Freestanding 
Surgery center and 135-bed community hospital. 
“Where the Lakes Begin” in west central Minnesota. 
Send CV and references to: Bunny Iverson, Director 
of Physician Recruitment, Affiliated Medical Cen- 
ters, 101 Willmar Avenue SW, Willmar, MN 56201. 


AMBULATORY 
SURGERY CENTER 
JOINT VENTURES 


Anesthesiologists and surgeons can signif- 
icantly enhance their income while at the 
same time offering the latest technology to 
provide cost effective and personalized 
services to their patients. Diversified 
Health Ventures, Inc. located in the San 
Franciso Bay Area develops Medicare Cer- 
tified, state licensed ambulatory surgery 
centers. 
For more information, call: 


R. Neal Gilbert or 


Randy Grossman, PhD, at 
(415) 463-8810; FAX (415) 463-3845 


Or write: 


DIVERSIFIED HEALTH VENTURES, INC. 
5776 Stoneridge Mall Road, Suite 230 
Pleasanton, CA 94566 

























GENERAL SURGEON: BC/BE position for an indi- 
vidual with recent non-cardiac thoracic and vascu- 
lar experience. This is a very active medical/surgical 
hospital affiliated with the University of Virginia 
Medical School. Here is an opportunity for aca- 
demic appointment and participation in medical 
student/resident training in an area with good 
Schools, colleges, and recreational facilities. 
Research facilities on station. We offer excellent 
benefits. For more information, write or call: Chief, 
Surgical Service (112), VA Medical Center, Salem, 
VA 24153. Telephone: (703) 982-2463, Extension 
2674. EOE. 
























- 


5.000 is looking for a 
ty hospital-trained, 
bo rtified or board-eligible 
F | general Surgeon. 
||. Practice is located next door to 
| aprogressive 76-bed acute care 
hospital. Area is year-round 
| outdoor resort with nunting, 
fishing, hiking, snow-skiing, 
water-skiing, and many other 
outdocr recreational activities. 
Located 120 miles southeast of 
Pittsburgh and 200 miles west 
of Baltimore. West Virginia Uni- 
- versity Medical Center is located 
~ 60 miles to the west. 
Contact: 
C. William Fedde, MD 
Garrett Surgical Group 


Suite 1, 311 North 4th Street 
Cakland, MD 21550 
(301) 334-8282 
















2 NEW HAMPSHIRE: General surgeon to join two 
Ci other general surgeons in a well-established, eight- 

. member multi-specialty group, adjacent to new 92- 

. bed hospital in beautiful White Mountain region of 





Partnership 
of Choice 


Southern California Permanente Medical Group 

| (SCPMG): is recognized as the nation's largest and most respected physician- 

managed, multi-specialty medica group. Qur continued growth ^as created new 
practice opportunities throughout Southern California for: 


northern New Hampshire. Send CV to: Administra- 
tor, St. Luke Medical Center, PA, 7 Page Hill Road, 
Berlin, NH 03570. Telephone: (603) 752-7750. 


——————— M— OORT ANIL a Reem ei es 


GENERAL SURGEON — Three Montana communi- 


. ty hospitals and eight practicing family physicians 
. arejointly recruiting a BC/BE generalsurgeon. This 
. opportunity izjust a few miles from the Bob Marshall 


Wilderness Area and Glacier National Park. Solo 
practice with start up cost assistance or salaried 
position available. Contact: Carl Hanson, Adminis- 
trator of Pondera Medical Center in Conrad, Mon- 
tana, (406) 278-3271. 

BC/BE GENERAL SURGEON with vascular expe- 
rience desirable to join a busy five-person single 
specialty group in midwest metropolitan area. Affil- 
iated with two 300-bed hospitals. Generous com- 
pensation package and full partnership opportunity. 
Send CV to: Administrator, Cape Girardeau Surgi- 
cal Clinic, $16 Doctors’ Park, Cape Girardeau, MO 
63701. 

GENERAL/VASCULAR SURGEON: Excellent op- 
portunity for aBC/BE vascular surgeon with second- 
ary interest im general surgery to join extremely 
active practice as the second surgeon. Affiliation 
with two teaching hospitals in Long Island. Excel- 
lent compensation and bonus package, progressing 
to partnership: Please send your curriculum vitae to: 
Renato B, Berroya. MD, Long Island Surgical Spe- 
cialists, PC, 639 Port Washington Boulevard, Port 
Veapnington. NY 11050. 


GENERAL AND VASCULAR SURGEON to join a 
busy, four surgeon practice on Long island, New 
York. Must have at least one year of vascular fellow- 
ship. Excellent financial benefits anc early partner- 
ship. Send CV to: South Shore Surgical Specialists, 
786 Montauk Highway. West Islip, NY 11795. 














few to pick from: 









Montgomery, AL 
Muscie Shoals, AL 


Louisiana 
Natchez, MS 
Laytor, UT 


AND CALLUS IN THE MORN 
Group, associate and solo opportunities an 
available in a variety of settings. Here ar 


Colon and Recto! Surgeon 

Denver, CO Alabama 
General Surgeons Phoenix, AZ 
Orange County, CA Huntington 
Central Florida Beach, CA 


South Florida Central Florida 
Atlanta, GA South Florida 
Louisville, KY Attanta, GA (area) 
Neurosurgeons Dodge Cily, KS 


Dodge City, KS Beaumont, TX 
Layton, UT Piastic Surgeons 
Greenbrier Valley, WV — Muscle Shoals, AL 
Otolaryngologists Urologists 
Alabema Denver, CO 
Denver, CO Orlando, FL 
Jacksonville, FL Augusta, GA 
Kissimmee, FL Kansas City, MO 
South Florida Natchez, MS 
Somerset, KY Abilene, TX 


Cali TOLL-FREE 4-800-626-1590, or send your 
curriculum vitae to: Manager, Professional 
Relations, Humana Inc, Dept. OO-O4, 500 
West Main Street, Louisville. KY 40201-1438. 










Orthopedic Surgeons 






























Chattanooga, TN 
Morristown, TN 


College Station, TX 


Mountain Resort 
Practice 


BC/BE general surgeons to join 
two general surgeons practicing 
in rural Arizona resort communi- 
ty. Beautiful White Mountains 
offer four season recreational 


opportunities. 


Practice includes broad spectrum 




















dH os. » Genera sk e Pediatric Surgeons 
-© Orthop dic ic Surgeons * Neurosurgeons 
e Head & Neck Surgeons 


ncs je freedom to focus on your outstanding surgical skills rather than 
administrative. duties. We provide you the freedom, technology and resources to 
focus on quality patient care, the collaborative support of knowledgeable 
colleagues and the opportunity to make a significant contribution to your field. 


Our compensation and benefits package includes: 
e Guaranteed practice and income e Paid educational and sabbatical leaves 
e Professienal liability insurance e Comprehensive retirement plans. 
Send your curriculum vitae to: Irwin P. Goldstein, M.D., Associate Medical 


Director, SCPMG, Dept. 018, Walnut Center, Pasadena, CA 91188-8013. 
Or call: (800) 541-7946. 





ig: 


da 


KAISER PERMANENTE 
Southern California Permanente 
Medical Group 

Partners Practicing Good Medicine 











of general surgery including criti- 
cal care, trauma care and surgical 
endoscopy. 


n" 


Please send OV to: 








William J. Waldo, MD, FACS 
White Mountain 
Surgical Specialists 


2650 East Show Low Lake Road 
Suite 2 
Show Low, AZ 85901 






WOLFEBORO, NEW HAMPSHIRE — Recruiting a 
BE/BC general surgeon to become part of a two 
person general surgical department. Skills in 
endoscopy, laparoscopic surgery and C-sections 
highly desirable. A comoetitive package with guar- 
anteed minimum for suitable candidates. Highly 
recreational area with spectacular lakes and moun- 
tains. Send CV or call: Sandra McKenzie, Huggins 
Hospital, P.O. Box 912, Wolfeboro, NH 03894. (603) 
569-2150. 





GENERAL SURGEON — Orange County: General 
surgeon needed to establish a practice in Orange 
County coastal community. Excellent future and 
generous financial assistance and support. Send 
curriculum vitae to: P-ofessional Relations, De- 
partment 00-4A, P.O. Box 1438, Louisville, KY 
40201 -1438. 





Positions Available 


CHAIR OF SURGERY, BALTIMORE: Establish your 
managerial credentials in uniquely appealing envir- 
onment. On Baltimore's outskirts, our 450* bed 
hospital client enjoys strong intra/interdepartmen- 
tal cooperation, amiceble administration/medical 
staff relations, true commitment to quality patient 
care. Add an extremely oyal patient base, dedicated 
430-member medical! staff, and nation's second old- 
est non-university surgical residency program. In 
1990 their 120 surgeons performed 17,000 proce- 
dures on 12,800 patients. They've got 7 I/P, 6 O/P, 4 
special OR's and major building program slated. 
We're looking for a dynamic, credentialed, affable, 
physician-manager: a surgeon whose intelligence, 
insight can lead existing strong unit through chal- 
lenges of the 90's. Required: outstanding clinical 
skills, strong educational abilities (university or pri- 
vate practice teachinc setting), unshakable per- 
sonal advocacy of quality care. Excellent compen- 
sation package plus all the enjoyments of renais- 
sance Baltimore. Call Bill Gregory (9:00 AM — 9:00 
PM EST) at (215) 640-3774 for all details in confi- 
dence. Or send your CV tc: MedQuest, Inc., P.O. 
Box MQ, Devault, PA 19432-0160. 


. Locum Tenens 


LOCUM TENENS GENERAL SURGEONS — Let à 
carefully screened, credentialed, insured colleague 
from the CompHealth locum tenens medical staff 
cover your practice the next time you have to be 
away, or while you recruit a new associate. Comp- 
Health locum tenens — the physician you need, just 
when you need one! Call today: (800) 453-3030. 





Directors 


DIRECTOR, SURGICAL RESIDENCY: Huntington 
Memoria! Haspital, a 550-bed tertiary care hospital 
and trauma center, located in Pasadena and affil- 
iated with the University of Southern California, is 
looking for a replacement for our retiring Surgical 
Education Program Director. The 12 resident pro- 
gram recently was reviewed and received full appro- 
val. The position is full-time with the opportunity for 
private practice. We have a high level staff with 
excellent support for the training programs. A new 
facility, including surgical suites, recovery and 
SICU beds has just opened. The applicant must be 
board-certified in surgery and eligible for licensure 
in California. Applicant should have proven leader- 
hip ability and eviderce of teaching and research 
aecomplishments. The individual must be eligible 
' for añ academic appcintment at the University of 


SOuthern Gélifornia. Sehd a letter and curriculum 
-Wüae to: William N, Lattin, MD, Vice President, 
yHealth Car&Services'énd Director, Medical Educa- 


«9n. Huntington Memarial Hospital, 100 West Cali- 
fórnia, Boulevard, P.O. Box 7013, Pasadena, CA 
91109. The Huntington Memorial Hospital is an 
equal opportuffity employer. 


PLEASE NOTE — Address replies to box number 
ads as follows: Box number, —  — ,c/o AOS, 
P.O. Box 1510, Clearwater, FL 34617. 






PHYSICIAN — TRAUMA FELLOWSHIP. Available 
July 1, 1991, Philadelphia, Pennsylvania: Frankford 
Hospital Torrescale Campus, a regional trauma 
center with over 900 trauma admissions per year 
and accredited by the Pennsylvama Trauma Sys- 
tems Foundation, is seeking a bcard-certified or 
board-eligible surgeon to join our ~rauma Team as 
a Trauma Fellow. The Fellow will be responsible for 
case management including the resuscitative, oper- 
ative and post-operative management of patients on 
the Trauma Service, supervision ef residents and 
trauma related research. In addition, the fellow will 
be involved in program administratien, quality assur- 
ance activities and community ecucation. The quali- 
fications for this position include completion of 
approved surgical residency, ATLS and ACLS certi- 
fication and experience in the care of trauma 
patients. Candidates interested ir this fellowship 
may contact: Gary Welch, DO. Trauma Director, 
Frankford Hospital. Knights and Red Lion Roads, 
Philadelphia, PA 19114. (215) 934-1065. EOE. 









Fellowship in 
Surgical Nutrition 
sored by Ezra Steicer, MD 
and Department of General Surgery 
Cleveland Clinic Founcation 
12 months duration. Salary Competitive. 
Applicant must have completec four or more 
years of postgraduate surgical training. 
Write and send curriculum vitae to: 
Ezra Steiger, MC 
Department of General Surgery 


CLEVELAND CLINIC FOUNDATION 
9500 Euclid Avenue m Cleveland, Ohio 44195 





. Residencies 


—————————————————————— —sÍÁ 
SURGICAL CRITICAL CARE RESIDENCY — 
ACGME approved, one year resdency at North 
Shore University Hospital-Cornell University Medi- 
cal College. Contact: Dan S. Reiner, MD, Program 
Director, Department of Surgery, Morth Shore Uni- 
versity Hospital-Cornell UniversityMedical College, 
300 Community Drive, Manhasset NY 11030. (516) 
562-4864. An equahopportunity employer. M/F/H/V. 

















Academic Research 
Training in 
Gastrointestinal Surgery 
Minority Fellowships Beginning 
July 1, 1991 
The Department of Surgery, University of 
California, San Francisco is offering two- 
year fellowships for research in the field 
of gastrointestinal surgery, targeted 
specifically for minority applicants 
(Blacks, Hispanics, Native Americans and 
Pacific Islanders). This program is 
sponsored by etis grants from the 
National Institutes of Health. An out- 
standing scientific faculty has been 
organized to provide independent re- 
search training to fellows with academic 
career goals. The program is open to 
surgical trainees upon completion of a 
minimum of two years of residency train- 
ing. Applicants must be citizens or 
permanent residents of the United States 
with an MD degree. Three positions are 
available immediately through June 1993. 
The University of California is an affirm- 
ative action/equal opportunity employer. 
Please submit a letter of interest, cur- 
riculum vitae, synopsis of research 
interest, and three letters of reference to: 
Haile T. Debas, MD 
UNIVERSITY OF CALIFORNIA 
SAN FRANCISCO 
Department of Surgery 
513 Parnassus Avenue, S-320 
San Francisco, CA 94143-0104 
(415) 476-1235 «€ FAX (415) 476-1734 






































J Computers/ Software 


AMERICAN MEDICAL SOFTWARE's Medical 
Office Management, Office Billing, Electronic 
Claims, Bar Coding, and Medical Records Systems 
feature easy installation-operation, advanced capa- 
bilities, and toll free support. For information, call: 
(800) 423-8836. 





We Target The Physician You Want! 


The Archives of Surgery's classified recruitment advertising section is seen by precisely the 
physician youneed — generalsurgeons, plastic surgeons — plus other surgical subspecialties. A 
total targeted physician audience of almost 40,000. 


Send us your order today. Just complete the coupon below and attach your typewritten copy. 
The next available issue is June which closes Thursday, April 25th. Act now to reach precisely the 


physician you need. 


ORDER FORM 


The classified rate is $1.70 per word for one issue. For three issues or more, the rate is $1.55 per 
word per issue. Minimum classified ad is 20 words. The classified display rate is $1 05 per column 
inch. For complete information see "Classified Information" on the first page of this section. 


Insert my ad 
Place my ad under the heading 
Enclosed is my check for $ 


of my advertising schedule. 
Institution 

Contact Person 

Address 

City 

Telephone Number 
Authorized Signature 


times, beginning with the 


issue. 


to cover full payment 


State .  — —— Zip 


Send all copy and payments to: 
Surgery 
Classified Department 


P.Đ. Box 1510. Clearwater. Florida 34617 
Natianal (800) 237-9851 O Local (813) 443-7666 





eire ditti tente 
yrsiidrsitri eerie 


due to indicated organisms 


: For intravenous or Intramuscular Use 
BRIEF SUMMARY 


aerarii caused by E coli, a spaces dear K pneumoniae) t Proteus — 
rants and and Proteus sp (which may include the organisms now called Providencia 
retigeri, and Morganella i. 
respiratory tract infections caused by pneumoniae (formerly D pneumoniae). 
aureus (penicillinase- Ad on ponpe icilinase producing strains), Haemophilus influenzae 
DE rpm ros etant strains), es (including K pneumoniae), and E coli. 
structure infections caused by aureus (penicillinase- and norpenict:- 


aesti doi ns), Staphylococcus epidermidis, Streptococcus pyogenes and Streptococcus 
gemis) Sed by Spiyoocs s" (includi iti nd ji- 
aureus" (including penicillinase- and nonpenici 

, Streptococcus 


yrs hn strains), 5 species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria 6, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaisaomicron), Seen eir T idol and gram-positive anaerobic cocci (including 


cane Wy siella species (includi ing K pneumoniae"), Strepto- 
oe. species (excluding T, pee Bacteroides species (excluding B distasonis, B ovatus, 


j. 
Bone and joint infections caused by S aureus." 
“Efficacy for this organism in this organ system was studied in fewer than ten infections. 
Specimens for sacteriological examination should be obtained in order to isolate and identify 


Causative organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted 
before results of susceptibility studies are known; however, once these results me avaiable, the 
antibiotic treatment should be adjusted accordingly 


In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections i which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly wit: an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic i vitro a a many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recorimended in the labeling of both antibiotics may be given and depends on the severity 
t the ps and the patient's condition. 

| NOTE: HFCEFOTAR and an aminoglycoside are used concomitantly, renal function should be carefully 
i monitored, Popes if higher dosages of the aminoglycoside are to be administered or if Dow is 





ym tract sun and gastrointestinal ign) 
he prophylactic dose of GE be administered 30 to 60 minutes prior to surgery. In pa- 
tients u ni cesarean section, CEFOTAN should be administered intravenously after the clamping 


of the umbilical cand. 
If there are signs and symptoms of infection, specimens for culture should be obtained for identifica- 
tion of the causative organism so that appropriate therapeutic measures may be initiated. 
i CONTRAINDICATIDNS 


- CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 


Botore therapy with CEFOTAN is instituted, carei lem should be made to determine whether the 
pied has had Me llr pees disadium, cephalosporins, 
sr drugs. MM ME 
allergy, particularly M ne cR. pendere iere sioe : 
Serious acute hym reactions may e and other 
Pssudomembrsnous colitis has been with the use of cephalosporins (and other broad- 
pach x in patients who p 


." heatmant with 2road-spectrum antibiotics may alter normal flora of the colon and may parmit over- 
~ growth of clostricia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
-: antibiotic-associated colitis. ine and colestipol resins have been shown to bind the toxin in vitro. 
Mild cases of colitis may respond to drug disccntinuance alone. Moderate to severe cases should be 
managed with fhad, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug diszontinuance, or when it is severe, oral vancomycin is the treatment of chace for anti- 
bictic-associated pseudomembranous colitis producad by C difficile. Other causes should also be considered. 


GENERAL: As wit other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsuszaptible organisms. Careful observation of the patient is essential. if superinfection 
does occur during: tapy, appropriate measures should be taken. 

in common wit many other broad-spectrum aatibiotics, CEFOTAN may be associated wi:h a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment or poor nutri- 
e pis the exerly and patients with cancer. Prothrombin times should be monitored in patients at 
and exogenous vitamin K administered as indicated. 
s GEO Shout be used with caution in individuals with a history of gastrointestinal disease, par- 


TON FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by Sushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc.) is in ‘within 72 hours er CEFOTAN administration. Patients should be cautioned about the 
ingestion of alcoholic. De: following the administration of CEFOTAN. 

INTERACTIONS: Although to date nephrotexicity has not been noted when CEFOTAN was 
l alone, a gy that nephrotoxicity may be séries iur if CEFOTAN is used concomitantly wi 
















OR TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 

with Benedict's ot: Fehlings solution. 

1.7 As with other cephalosporins, high concentrations of cefotetan may interfere with measurement: of 
: in and d Steatinine levels by Jaffe reaction and produce false increases in the levels of 


AER Si MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
ant mals have not Seen performed to evaluate carcinogenic potential, no mutagenic potential of 
. :Cetotetan was found in standard laboratory tests. 
- . Gefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day om 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 



















In intra-abdominal and gynecologic infection 





CEFOTAN® icefoteian disodium) 


developmentally analogous to late childhood and peg pdt in humansi resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected celis included spermatogonia 
and spermztocytes; Sertoli and Leydig cells were unaffected. incidence and severity of iesions were 
dose-deperdent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 19 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable irc with other methyithiotetrazole- 
containing antibiotics and impaired fertility has been reported, particularly at high dose ievels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. 

USAGE IN PREGNANCY: Category B: Reproduction studies have been performed in cats 
and monkeys at doses up to 20 times the humar: dose and have revealed no:evidence of impaired fertil- 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used duri Ake dnl only if clearly needed. 
USAGE IN NURSING etan is excreted in human milk in very iow concentrations. Cau- 
tion should be exercised when cefotetan is administered to a nursing waman. 
PEDIATRIC USE: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 
In clinical studies, the following adverse effects were considered related to CEFÜTAN therapy. 
nausea (1 im 700 symptoms occurred in 1.5% of patients; the most frequent-were diarrhea (7 in 80) and 
nausea (1 in 700). 
H laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 

itive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 

enzyme elevations occurred in 1.296 of patients and included a rise in SGPT (1 in 150), SGOT 

(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

700) reactions were reported in 1.2% of patients and included rash (1 in 150) and M 

Tin 


effects were reported in less than 1.0% of patients and included phlebitis at the site of inj 
(1 in 300), and discomfort (1 in 500). During postmarketing experience with: CEFOTAN, an ctic 
reactions and transient thrombocytopenia have been reported. 
DOSAGE AND ADMINI 
TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously oc intra- 
musculariy every 12 hours for 5 to 10 days. Proper Pose and route of administration should bie deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams i iy pall 7 Due bd i 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 10r 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


*Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or:potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should beadmin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
Creatinine Clearance TH IMPAIRED RENAL FUNCTIO 
mL/min Dose Freguency 

>30 Usual Recommended Dosage* Every 12 hours 
10-30 Usual Recommended Dosage" Every 24 hours 
«10 Usual Recommended Dosage" Every 48 hours 

*Dose determined phe the type and severity of infection, and susceptibility of the causative organism. 

Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 


one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and T 
one-quarte- the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 

When only serum creatinine levels are available, creatinine clearance maybe calculated fromthe 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 
72 x serum creatinine (mg/190 mL) - 


















Males: 


Females: 09 x value for males 
Cefotetar: is Aryans and it is recommended that for patients underĝo i 
sis, one-quarter of the usual recommended dose be given every 24 how 
and one-half the usual recommended dose on the day of dialysis. — ' 
HOW SUPPLIED 


CEFOTAN is a dry, white to pale yellow powder supplied in vials containing: 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administre 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 fal and 108 
is also avaiable in a pharmacy bulk pacage d ‘0 g in 100 mi. vials. The Vgl 
and should be ed from : 1 
oC 


temperaturas above 
0038-0377-21); 10 g in 100 mi. via 





MT in 10:mL vial (NDC 0038-0376-1 o); Bain 20 mL vial (NDC 0038-0377:2 Om vial — 
0038-0376-11); 2 g in 100 mL vial (N 0038-0575-10). 


Manufactured for 


STUART PHARMACEUTICALS 
A business unit of ICI Americas Inc. 


Wilmington, Delaware 19897 USA Rev. | 11/88 





 Cefotan 
arithmetic. 


more cost-effective 
than cefoxitin’? 








less frequent dosing 
than cefoxitin’ 


several times the half-life 
of cefoxitin’: 





single-dose prophylaxis/ 
twice-daily treatment 
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Count on 


CEFOTAN... 


(cefotetan disodium] 


In intra-abdominal and gynecologic infection 
due to indicated organisms 





References: 1. Nightingale CH, Smith KS, Quintiliani R, et al: The conversion of cefoxitin usage 

to cefotetan: An interdisciplinary approach. Am J Surg 1988;155(5A):101-102. 2. Sochalski A, 

Sullman S, Andriole VT: Cost-effectiveness study of cefotetan versus cefoxitin and cefotetan 

versus combination antibiotic regimens. Am / Surg 1988;155(5A):96-101 3. CEFOTAN® , 
(cefotetan disodium) full prescribing information issued March 1986. 4. Physicians Desk " 4 
Reference, ed 43. Oradell, NJ, Medical Economics Co, 1989. Mefoxin® (cefoxitin sodium, MSD), 

pp 1355-1357. 5. Carver M, Quintiliani R, Nightingale CH: Comparative-pharmacokinetic 

study of cefotetan and cefoxitin in healthy volunteers. Infect Surg, April 1986 (suppl), 

pp 11-14. 6. Quintiliani R, Nightingale CH, Stevens RC, et al: Comparative pharmacokinetics 

of cefotetan and cefoxitin in patients undergoing hysterectomies and colorectal operations. 

Am J Surg 1988;155(5A):67-70 


Please see adjacent page for brief summary of prescribing information. © 1989 ICI Americas Inc. 
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Once for prophylaxis. 
Once daily for cure. 


The prophylactic dose of ROCEPHIN is also the daily therapeutic 
dose. ROCEPHIN, 1 gm given once prior to surgery" provides 
effective prophylaxis against infection and is on board throughout 
the perioperative period— even if surgery is delayed or prolonged. 
And ROCEPHIN, 1 gm given once a day, is the therapeutic dosage 
for the following common postsurgical infections: respiratory 
tract or skin/skin structure infections due to Staphylococcus aureus, 
Klebsiella pneumoniae and Proteus mirabilis; urinary tract infections 
due to Escherichia coli, K. pneumoniae and P mirabilis. 


Efficacy, economy and ease. ROCEPHIN: 1 gm once for prophylaxis, 
once daily for cure. 


Once-a-day 


Hocephnmn.. 


ceftriaxone sodium/Roche 





As with any cephalosporin, there exists the possibility of hypersensitivity reactions, 
especially in individuals with a history of sensitivity. 


© 1989 by Hoffmann-La Roche Inc. * |n conta 
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ROCEPHIN® (ceftriaxone sodium/Roche) 

Before prescribing, please consult complete product information, a summary of which follows: 
INDICATIONS ANDWSAGE: Rocephin is indicated for the treatment of the following infections wnen 
caused by susceptible organisms: 

LOWER RESPIRATORY TRACT INFECTIONS ceused by Strep. pneumoniae, Streptoco2cus spe- 


cies (excluding enterococci), Staph. aureus, H. influenzae, H. parainfluenzae, Klebsielia species 
(including K. pneumoniae), E. coli, E. aerogenes, Proteus mirabilis and Serratia marcescens. 


SKIN AND SKIN STRUCTURE INFECTIONS cased by Staph. aureus, Staph. epidermidis, Strep- 
tococcus species (excluding enterococci), E. cloacae, Klebsiella species (including K. pneumo- 
niae), Proteus mrabilis and Pseudomonas aeruginosa. 

URINARY TRACT. INFECTIONS (complicated and uncomplicated) caused by E. coli, Proteus mir- 
abilis, Proteus vulgaris, M. morganii and Klebsiella species (including K. pneumoniae). 
UNCOMPLICATED GONORRHEA (cervicallurethral and rectal) caused by Neissewa gonor- 
rhoeae, including both penicillinase and nonpenicillinase producing strains, and pharyr geal gon- 
orrhea caused by nonpenicillinase producing strains of Neisseria gonorrhoeae. 

PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 

BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae, E. coli, H. influenzae and 
K. pneumoniae. 


BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Streptococcus 


species (excluding enterococci), coli, P. mirabilis, K. pneumoniae and Enterobacter species. 


INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 


MENINGITIS caused by H. influenzae, N. meningitidis and Strep. pneumoniae. Ceftriaxone has 
also been used successfully in a limited number of cases of meningitis and shunt infections 
caused by Staph epidermidis and E. coli. 


SURGICAL PROPHYLAXIS: Preoperative administration of a single 1 gm dose may reduce inci- 
dence of postoperative infections in patients undergoing surgical procedures classified as con- 
taminated or potentially contaminated (e.g., vaginal or abdominal hysterectomy) and in those for 
whom infection atithe operative site presents serious risk (e.g., 
during coronary artery bypass surgery). 


Although ceftriaxone has been shown to have been as effective 
as cefazolin in the prevention of infection following coronary artery 
bypass surgery, no piacebo-controlled trials have been conduct- 
ed to evaluate ary cephalosporin antibiotic in the prevention of 
infection following:coronary artery bypass surgery. When admin- 
istered before indicated surgical procedures, a single 1 gm dose 
provides protection from most infections due to susceptible orga- 
nisms for duratiomof procedure. 


SUSCEPTIBILITY TESTING: Before instituting treatment with 
Rocephin, appropriate specimens should be cbtained for isola- 
tion of the causative organism and for determinetion of its suscep- 
tibility to the drug. Therapy may be instituted orior to obtaining 
results of susceptibility testing. 


CONTRAINDICATIONS: Rocephin is contraindicated in patients with 
known allergy to the cephalosporin class of anribiotics. 


WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, 
CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE WHETH- 
ER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY RE- 
ACTIONS TO CEPHALOSPORINS, PENICILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF ALLERGY PARTICULARLY 
TO DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS 
MAY REQUIRE THE USE OF SUBCUTANEOLS EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 


Pseudomembranows colitis, reported with nearly all antibacterial agents, including ceftriaxone, may 
range in severity fram mild to life-threatening. Therefore, consider this diagnosis in patients w^o present 
with diarrhea subsequent to administration of antibacterial agents. 


Treatment with antibacterial agents alters normal flora of the colon and may permit overgrowth 
of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
“antibiotic-associated colitis.” 


After establishing diagnosis of pseudomembranous colitis, initiate therapeutic measures. Mild 
cases of pseudomembranous colitis usually respond to drug discontinuation alone. In moderate 
to severe cases, consider management with fluids and electrolytes, protein supplementation and 
treatment with amoral antibacterial drug effective against C. difficile. 


PRECAUTIONS: GEWERAL: Although transient elevations of BUN and serum creatinine have been 
observed, at the recommended dosages, the naphrotoxic potential of Rocephin is similar to that 
of other cephalosporins. 

Ceftriaxone is excreted via both biliary and renal excretion (see Clinical Pharmacology). There- 
fore, patients with renal failure normally require no adjustment in dosage when usual doses of 
Rocephin are administered, but concentrations of drug in the serum should be monitored period- 
ically. If evidence of accumulation exists, dosage should be decreased accordingly. 


Dosage adjustments should not be necessary n patients with hepatic dysfunction; however, in 
patients with bothihepatic dysfunction and signi*icant renal disease, Rocephin dosage should not 
exceed 2 gm daily without close monitoring of serum concentrations. 


Alterations in prothrombin times have occurred rarely in patients treated with Rocephin. Patients 
with impaired vitamin K synthesis or iow vitamin K stores (e.g., chronic hepatic disease and mal- 
nutrition) may require monitoring of prothrombin time during Rocephin treatment. Vitamin K ad- 
ministration (10 mg weekly) may be necessary if the prothrombin time is prolonged before or 
during therapy. 


Prolonged use of Rocephin may result in overgrowth of nonsusceptible organisms. Careful obser- 
vation of the patient is essential. If superinfection occurs during therapy, appropriate measures 
should be taken. 


Rocephin should be prescribed with caution in individuals with a history of gastrointestinal dis- 
ease, especially colitis. 


Rare cases reported of sonographic abnormalitias seen in the gallbladder; patients may also have 
symptoms of galibladder disease. These abnormalities, variously described as sludge, pre- 
cipitations, echoes with shadows, may be misinterpreted as concretions. Chemical nature of son- 
ographically-detected material not determined. Condition appears to be transient and reversible 
upon discontinuation of Rocephin and conservative management. Therefore, discontinue 
Rocephin if signs anc symptoms suggestive of gallbladder disease and/or the sonographic find- 
ings described above develop. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: Considering 
the maximum duration of treatment and the class of the compound, carcinogenicity studies with 
ceftriaxone in animals have not been performed. The maximum duration of animal toxici-y stucies 
was six months. 


Mutagenesis: Genetic toxicology tests included the Ames test, a micronucleus test anc a test for 
chromosomal aberrations in human lymphocytas cultured in vitro with ceftriaxone. Ceftriaxone 
showed no potential for mutagenic activity in these studies. 


Impairment of Fertility: Ceftriaxone produced noimpairment of fertility when given intravenously to 
rats at daily doses up to 586 mg/kg/day, approximately 20 times the recommended clinical dose 
of 2 gm/day. 

PREGNANCY: Teratogenic Effects: Pregnancy Category B. Reproductive studies have been per- 
formed in mice and rats at doses up to 20 times the usual human dose and have no ev dence of 
embryotoxicity, fetotoxicity or teratogenicity. In primates, no embryotoxicity or teratogenicity was 
demonstrated at axdose approximately three times the human dose. 

There are, however. no adequate and well-controlled studies in pregnant women. Because animal 
reproductive studies are not always predictive of human response, this drug should be used cur- 
ing pregnancy ony if clearly needed. 


Once-a-day 





ceftriaxone sodium/Roche 








ROCEPHIN* (ceftriaxone sodium/Roche) 


Nonteratogeric Effects: In rats, in the Segment I (fertility and general reproduction) and Segment ill 
(perinatal anc postnatal) studies with intravenously administered ceftriaxone, no adverse effects were 
noted on various reproductive parameters during gestation and lactation, including postnatal 
growth, functional behavior and reproductive ability ofthe offspring, at doses of 586 mg/kg/day or sss. 


NURSING MOTHERS: Low concentrations of ceftriaxone are excreted in human milk. Caution 
should be exercised when Rocephin is administered to a nursing woman 


PEDIATRIC USE: Safety and effectiveness of Rocephin in neonates, infants and children have 
been established for the dosages described in the Dosage and Administration section. In vitro 
studies have shown ceftriaxone, like some other cephalosporins, can dispiace bilirubin fromser- 
um albumin. Rocephin should not be administered to hyperbilirubinemic neonates, espec ally 
prematures. 


ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical trials, the following adverse 
reactions, which were considered to be related to Rocephin therapy orof uncertain etiology, were 
observed: 


LOCAL REACTIONS — pain, induration or tendemess at the site of injection (196). Less frequently 
reported (less than 196) was phlebitis after |.V. administration. 


HYPERSENS'TIVITY — rash (1.7%). Less frequently reported (less than 1%) were pruritus, fever 
or chills. 


HEMATOLOGIC — eosinophilia (6%), thrombocytosis (5.1%) and leukopenia (2.196). Less fre- 
quently reported (less than 1%) were anemia, neutropenia, lymphopenia, thrombocytopenia and 
prolongation of the prothrombin time. 


GASTROINTESTINAL — diarrhea (2.7%). Less frequently reported (less than 1%) were nausea 
or vomiting, end dysgeusia. Onset of pseudomembranous colitis symptoms may occur during or 
after antibiotic treatment (see WARNINGS). 


HEPATIC — elevations of SGOT (3.196) or SGPT (3.396). Less frequently reported (less than 1%) 
were elevations of alkaline phosphatase and bilirubin. 


RENAL — elevations of the BUN (1.296). Less frequently reported (less tnan 1%) were elevations of 
creatinine and the presence of casts in the urine. 


CENTRAL NERVOUS SYSTEM —headache or dizziness were re- 
ported occasionally (less than 1%). 


GENITOURINARY — moniliasis or vaginitis were reported occa- 
sionally (less than 196). 


MISCELLANEOUS — diaphoresis and flushing were reported oc- 
casionally (less than 1%). 


Other rarely observed adverse reactions (less than 0.1%) include 
leukocytosis, lymphocytosis, monocytcsis, basophilia, a decrease 
inthe prothrombin time, jaundice, gallbladder sludge, glycosuria, 
hematuria, anaphylaxis, bronchospasm, serum sickness, abdom- 
inal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis. 


DOSAGE AND ADMINISTRATION: Rocephin may be administered in- 
travenously or in:ramuscularly. The usual adult daily dose is 1 to 
2 gm given once a day (or in equally divided doses twice a 
day) depending on the type and severity of the infection. The total 
daily dose should not exceed 4 grams. 


For the treatment of serious miscellaneous infections in children, 
other than meningitis, the recommended total daily dose is SO to 
75 mg/kg (not to exceed 2 grams), given in divided doses every 
12 hours. 

Generally, Rocephin therapy should be continued for at leasttwo 
days after the signs and symptoms of infection have disappeared. 
The usual duraticn is 4 to 14 days; in complicated infections long- 
er therapy may be required. 

In the treatment of meningitis, a daily dose of 100 mg/kg (not tc ex- 
ceed 4 grams), given in divided doses every 12 hours, should be administered with or without a 
loading dose of 75 mg/kg. 

For the treatment of uncomplicated gonococcal infections, a single intramuscular dose of 250 mg 
is recommended. 

For preoperative use (surgical prophylaxis), a sirgle dose of 1 gm administered 1/2 to 2 hours be- 
fore surgery is recommended. 

When treating infections caused by Streptococcus pyogenes, therapy should be continued fer at 
least ten days. 

No dosage adjustment is necessary for patients with impairment of renal or hepatic function; how- 
ever, blood levels should be monitored in patients with severe renal impairment (e.g.. dialysis 
patients) and in patients with both renal and hepatic dysfunctions. 

HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as a sterile crystalline powder in 
glass vials ard piggyback bottles. The following packages are available: 

Vials containing 250 mg, 500 mg, 1 gm or 2 gm equivalent of ceftriaxone; piggyback bottles con- 
taining 1 gmcr2 gm equivalent of ceftriaxone; bulk pharmacy containers containing 10 gm equiv- 
alent of ceftriaxone (NOT FOR DIRECT ADMINISTRATION). 

Also suppliec as a sterile crystalline powder as follows: 

ADD-Vantage Vials** containing 1 gm or 2 gm equivalent of ceftriaxone. 

Also suppliec premixed as a frozen iso-osmotic, sterile, nonpyrogenic solution of ceftriaxone so- 
dium in 50 mL single dose plastic containers,’ as follows: 

1 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.9 gm dextrose hydrous, USP 
added. 

2 gm equivalant of ceftriaxone, iso-osmotic with approximately 1.2 gm dextrose hydrous, USP 
added. 

NOTE: Rocerhin in the frozen state should not be stored above -20*C. 

*Registered tademark of Abbott Laboratories, Inc. 

'Manufactured for Roche Laboratories, a division of Hoffmann-La Roche Inc., by Travenol Labo- 


ratories, Inc., Deerfield, Illinois 60015. . 
af Revised: February 1991 
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BLOOD, SWEAT 
& FEARS 


















SWEAT. The 


KIMBERLY-CLARK Surgi- 
cal Gown is made of a cloth- 
like fabric that breathes, 
allowing air to pass through. 
» Keeping you cool and com- 
~ fortable, even in the most 


BLOOD. All surgical 


gowns do not offer the same 
level of protection from 
blood penetration. There is 
a difference. 

The KIMBERLY-CLARK“ 
Surgical Gown is the liquid 


resistant disposable that trying situations. 
offers the best protection against blood pene- i 
tration. And the KIMBERLY-CLARK Surgical & FEARS. In today's healthcare envi- 


ronment, you need protection from blood pene- 
tration you can depend on. Have your purchas- 


Proven More Protective ing agent call us. 


Kimberly-Clark mahes no representation that its products will provide complete 
protection from exposure to contaminants or will eliminate the risk of contracting 
infectious diseases. For details of testing procedure, contact your Kimberly-Clark 
Professional Health Care Representative, or call 1-800-KC-HELPS. 


Registered Trademark of Kimberly-Clark Corporation, Roswell, Ga. 30076 


Gown is proven more protective. 





- BOUNDARY is a Registered Trademark of Boundary Healthcare Corp. BARRIER 
In laboratory tesung, the BOUNDARY Gown let is a Registered Trademarh of Johnson & Johnson, Inc. OPTIMA is a Registered 
75.796 ofthe blood through. The BAXTER OPTIMA Trademark of Baxter Healthcare Corp. © 1990. KCC. All Rights Reserved. 


Gown, 74.396,and the SURGIKOS BARRIER Gown 
68.6%. But, only 3.6% of the blood got through 


the KIMBERLY-CLARK Gown* GS K imberly-Clark 


*Results based on 1.5 grams of bovine blood applied under 1 Ib per sq. inch of pressure and released. 
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Extra strength pain relief 
free of extra prescribing 
restrictions. 


Æ Telephone prescribing in most states 
@ Up to five refills in 6 months 
W No triplicate Rx required 








Excellent patient acceptance. 


In 12 years of clinica experience, nausea, sedation and 
constipation have rarely been reported. ' 


COMPARATIVE PHARMACOLOGY OF TWO ANALGESICS 
EE ox 
HYDROCODONE X X 
OXYCODONE XX XX XX XX XX 


Blank space indicates that no such activity has been reported. Table adapted from Facts and Comparisons 
1991 and Catalano RB. The mecical approach to management of pain caused by cancer. Semin. Oncol. 
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€ VICODIN ES provides greater central and peripheral 


action than other hydrocodone/acetaminophen combinations. V He Age 
€ Four to six hours cf extra strength pain relief from a single dose Se iii |, WOM ZB 
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(hydrocodone bitartrate 7.5mg (Warning: May be habit forming) A TE 
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Tablet for tablet, the most potent analgesic YOU t can pho 


(hydrocodone bitartrate 5 mg [Warning: May be habit forming] and acetaminophen 500mg) Pisses deb DUM sucer yof presiriting Inforasiln on sd dud 


1. Data on file, Knoll Pharmaceuticals : l 
2. Standard industry new orescription audit V3029/4-91 ©1991, BASF K&F Corporation 
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Method for Preoperative Colonic Cleansing 
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for the phenomenon of regression and the subsequent eugastrinemia. 
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Safety of Surgical Procedures Performed by Residents 559 
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e Resident surgery with appropriate guidance is safe and does not compromise 

the quality of care or the results. 

Invited Commentary: Donald L. Kaminski, MD, St Louis, Mo 
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Does Selective Decontamination of the Gastrointestinal 561 
Tract Prevent Multiple Organ Failure?: 


An Experimental Study 
R. Jan A. Goris, MD; Ignas P. T. van Bebber, MD; 
Roland M. H. Mollen, MD; Johan P. Koopman, PhD, Nijmegen, the Netherlands 
e Selective decontamination of the GI tract in the experimental model 
effectively prevented bacterial translocation of Enterobacteriaceae. 
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^| order ZANTAC...continuously.” 


"Continuous infusion gives me the control | want to 
meet my therapeutic goals of pH and volume control 
in acid-peptic disorders, but it doesn't raise added 
concerns about safety, drug interactions, or CNS effects.” 


“With ZANTAC, I get... 
“24-hour median gastric pH of 6.3 


in duodenal ulcer patients ^; 
"24-hour mean gastric volume of 18.3 ml’; and 
“No loading dose is needed for rapid onset." ^ 


New continuous infusion 


Zantac hjection 


ranitidine HCV/GIAX0 25mg/m 
150mg/day 





Glaxo/€> Q% Glaxo Pharmaceuticals" 


e 
ngle Park, NC 27709 


Please see complete Prescribing Information for indications. 
t Rare cases of CNS effects, usually reversible, have been reported. Please 
see complete Prescribing Information for precautions 
Please see references and Brief Summary of Prescribing Information on next page 





rin AH aed Cd TE mus nuas mey TOOTUCI JI. BUIUD UF MEAVENOUS INTUSION OF ranitidine: effects 
on gastric pH amd acid secretion: a comparison ofwelative efficacyand cost. Ann Intern Med. 1990;112(5) 334-339. 


2. Data on file, Glaxo Inc. 3. Sanders SW, Buchi KN, Moore JG, Bishop AL. Pharmacodynamics of intravenous ranitidine 
aftar bolus and continuous infusion in patients with healed duodenal'ulcers. Clin Pharmacol Ther: 1989;46(5):545-551. 
Zantac” Injection BRIEF SUMMARY 
(ranitidine hydrochloride) 

Zantac” Injection Premixed 

(ranitidine hydrochloride) 


The following is a brief summary only. Before prescribing, see complete prescribing information in Zantac® 
Injection/Zantac" Injection Premixed product labeling. 

INDICATIONS AND USAGE: Zantac” Injection and Zantac® Injectior Premixed are indicated in some hospitalized 
patients with pathological hypersecretory conditions or intractable duodenal ulcers, or as an alternative to the oral 
dosage form for short-term use in patients who are unable to take eral medication. 

t NDICATIONS: Zantac* injection and Zantac” Injection Premixed are contraindicated for patients known to 
have hypersensitivity to the drug. 

PRECAUTIONS: 


General: 1. Symptomatic response to Zantac” therapy does not preclude the presence of gastric malignancy. 
2. Since Zantac is excreted primarily by the kidney dosage should de adjusted in patients with impaired remal function 
(see DOSAGE AND ADMINISTRATION). Caution should be observed in patients with hepatic dysfunction since Zantac 
is metabolized inthe liver. 
3. In controlled studies in normal volunteers, elevations in SGPT have been observed when H»-antagonists have been 
administered intravenously at greater than recommended doses for five days or longer. Therefore, it seems prudent in 
patients receiving intravenous (IV) ranitidine at doses greater than or equal to 100 mg qid for periods of five days or 
longer to monito: SGPT daily (from day 5) for the remainder of IV therapy. 
4. Bradycardia inassociation with rapid administration of Zantac® Injection has been reported rarely, usually in 
patients with factors predisposing to cardiac m disturbances. Recommended rates of administration should not 
be exceeded (see DOSAGE AND NISTRATION!. 
Laboratory Tests: False-positive tests for urine protein with Multistx® may occur during Zantac therapy, and there- 
fore testing with sulfosalicylic acid is recommended. 
Drug Interactions: Zantac has been reported to bind weakly to cytochrome P-450 in vitro, recommended doses 
of the drug do no: inhibit the action of the cytochrome P-450-linked exygenase enzymes in the liver. However, there have 
been isolated reparts of drug interactions that suggest that Zantac may affect the bioavailability of certain drugs by some 
mechanism as ye: unidentified (eg. a pH-dependent effect on absorption or a change in volume of distribution. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: There was no indication of tumorigenic or carcinogenic 
effects in lifespan-studies in mice and rats at oral doses up to 2,000 m d. 

Ranitidine was not mutagenic in standard bacterial tests (Salmonella, Escherichia col) for mutagenicity at concen- 
trations up to the maximum recommended tor these assays 


ncy Categery B: Reproduction studies have been performed in rats-and rab- 
bits:at oral doses up to 160 times the human oral dose and have revealed no evidence of impaired fertility or harm to 
the tetus due to Zantac. There are, however, no adequate and well-controlled studies in pregnant women, Because 
animal repreduction studies are not always predictive of human response, this drug should be used during pregnancy 


Nursing Mothers: Zantac is secreted in human milk. Caution shouldibe exercised when Zantac is administered to a 


Pediatric Use: Saiety and effectiveness in children have not been established. 

Use-in Elderly Patients: Ulcer healing rates in elderiy patients (65 te 82 years of age) treated with oral Zantac were no 
different from those in younger age groups. The incidence rates for adverse events and laboratory abnormalities were 
alsc not different trom those seen in other age groups. 

ADVERSE : Transient pain at the site of intramuscular imection has been reported. Transient local burning 
or itching has been reported with IV administration of Zantac’. 

The following have been reported as events in clinical trials or in the routine management of patients treated with 
oral or parenteral Zantac. The relationship to Zantactherapy has been unclear in many cases. Headache, sometimes 
Severe, seems to be related to Zantac administration. 

Central Nervous System: Rarely, malaise dizziness. somnolence, insomnia, and vertigo. Rare cases of reversible 
mental confusion, agitation. depression, and hallucinations have been reported, predominantly in severely ilkelderly 
patients. Rare cases of reversible blurred vision Suggestive of a chamge in accommodation have been reported. 
Cardiovascular: As with other Ha-blockers, rare reports of arrhythmias such as tachycardia, bradycardia, asystole, 
atrioventricular black. and premature ventricular beets. 

Gastrointestinal: Constipation, diarrhea, nausea/vomiting, and abdominal discomfort/pain, and rare reports of pan- 
creatitis. 

Hepatic: In normai volunteers, SGPT values were increased to at least twice the pretreatment levels in 6 of 12 sub- 
jects receiving 100 mg aid intravenously for seven days, and in 4 of 24 subjects receiving 50 mg qid intravenously for 
five days. There have been occasional reports of hepatitis, hepatocellular or hepatocanalicular or mixed, with or with- 
out jaundice In such circumstances, ranitidine shoutd be immediateyy discontinued. These events are usually 
reversible, but in exceedingly rare circumstances death has occurrec 

Musculoskeletal: Rare reports of arthralgias. 

Hematologic: Blood count changes (leukopenia, granulocytopenia, and thrombocytopenia) have occurred in a few 
patients. These were usually reversible. Rare cases cf agranulocytosis, pancytopenia, sometimes with marrow 
hypoplasia and aplastic anemia have been reported. 

Endacrine: Controlled studies in animals and man have shown no Stimulation of any pituitary hormone by Zantac and 
no artiandrogenic activity, and cimetidine-induced gynecomastia anc impotence in hypersecretory patients have 
resolved when Zantac has been substituted. However, occasional cases 0f gynecomastia, impotence, and loss of 
libide have been reported in male patients receiving Zantac, but the incidence did not differ fromthat in the general 
popuiation. 

Integumentary: Rzsh. including rare cases Suggestive of mild erythema multiforme, and, rarely, alopecia. 

Other: Rare cases of hypersensitivity reactions (eg, bronchospasm, fever, rash, eosinophilia), anaphylaxis, angioneu- 
rotic sdema, and small increases in serum creatinine. 

OVERDOSAGE: Information concerning possible overdosage and its treatment appears in the full prescribing information. 
DOSAGE AND ADMINISTRATION: (See complete prescribing information in Zantac” Injection/Zantac* Injectian Pre- 
mixed product labeling.) 

Intramuscular Injection: 50 mg (2 ml) every six to eight hours. (No dilution necessary.) 

Intermittent Intraveneus Injection: 

a. intermittent Bolus: 50 mg (2 ml) every six to eaght hours. Dilute Zantac Injection, 50 mg, in 0.9% Sodium 
Chlonde or other compatible IV solution (see Stability) to a concentration no greater than 2.5 mg/ml (20 ml). Inject at 
à rate no greater than 4 ml per minute (five minutes). 

b. Intermittent iafusion: 50 mg (2 ml) every six te eight hours. Dute Zantac Injection, 50 mg, in 5% Dextrose 
Injection or other compatible IV solution tc a concentration no greate: than 0.5 mg/ml (100 ml). Infuse at a rate no 
greater than 5 to 7 mi per minute (15 to 20 minutes) 

Zantac Injection Premixed solution, 50 mg, in 0.45% Sodium Chloride, 100 mi, requires no dilution and should be 
infused over 15 to 20 minutes. 

In some patients it may be necessary to increase dosage. When thes is necessary, the increases should be made by 
more-frequent administration of the dose, but generaily should not exceed 400 mg per day. 

Continuous Intravenous Infusien: Add Zantac Injection to 5% Dextrose Injection or other compatible IV solutian. 
Deliver at a rate of € 25 mg per hour (eg, 150 mg [6 mi] Zantac Injection in 250 mi of 5% Dextrose Injection at 10.7 ml 
per hour). 

For Zollinger-Ellison patients, dilute Zantac Injection in 5% Dextrose Injection or other compatible intravenous 
solution to a concentration no greater than 2.5 mg/mi. Start the infusion at a rate of 1.0 mg/kg/h. If after four hours 
eithera measured gastric acid output is greater than 10 mEq/h or the:patient becomes symptomatic, the dose should 
be adjusted upwarcs in 0.5-mg/kg/^ increments, and the acid output should be remeasured. Doses up to 2.5 mg/kg/h 
and imfusion rates zs high as 220 mg/h have been used. 

Dosage Adjustment for Patients Impaired Rena! Function: On the basis ofexperience with a group of subjects 
with severely impaired renal function treated with Zantac, the recommended dosage in patients with a creatinine 
Clearance less than 50 ml/min is 50 mg every 18 to 24 hours. Should the patient's condition require, the frequency of 
dosing may be increased to every 12 hours or even further with cautien. Hemodialysis reduces the level of Circulating 
ranitiaine. Ideally, the dosage schedule should be adjusted so that thestiming of a scheduled dose coincides with the 
end of hemodialysis. 

HOW SUPPLIED: Zantac" Injection, 25 mg/ml. containing phenol 0.5% as preservative, is available as follows: 

NDC €173-0362-382-ml single-dose vials (T. ray of 10) 

NDC €173-0383-3910-ml multi-dose vials (Singles) 

NDC €173-0363-00:40-ml Pharmacy Bulk Packages (Singles) 

NDC €173-0382-002-ml single-dose, prefilled, disposable syringes (Singles) 

Stare below 30°C (86° F}. Protect from light. Store 40-ml vial in carton until time of use. 

Zantac” Injection Premixed in 0.45% Sodium Chloride, 0.5 mg/ml..is available as a sterile, premixed solution for IV 
administration in 10-ml, single-dose. flexible plastic eontainers (NDC 2173-0407-00). It contains no preservatives. 

Exposure of pharmaceutical products to heat should be minimized Avoid excessive heat. Protect from freezing. It 
is recommended that the product be stored at room temperature (25° 7); however, brief exposure up to 40° C does 
not adversely affect the product. 
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mammography? 





Many of your patients will hear about 
screening mammography through a program 
launched by the American Cancer Society and 
the American College of Radiology, and they 
may come to you with questions. What will 
you tell them? 

We hope you'll encourage them to have a 
screening mammogram, because that, along 
with your regular breast examinations and 
their monthly self examinations, offers the 
best chance of early detection of breast cancer, 
a disease which will strike one woman in 10. 

If you have questions about breast cancer 
detection for asymptomatic women, please 
contact us. 


CANCER National Headquarters 
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New York, New York 10016 
or your local society 
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Choledocholithiasis in Acute Gallstone Pancreatitis: 


Incidence and Clinical Significance 

Alejandro Oria, MD; Juan Alvarez, MD; 

Luis Chiappetta, MD; Juan Carlos Spina, MD; 

Néstor Hernéndez, MD; Mario lovaldi, MD; 

Carlos Ocampo, MD; Alberto Paladino, MD, Buenos Aires, Argentina 

e Choledocholithiasis may not be the sole triggering factor in acute gallstone 
pancreatitis; neither delayed stone migration nor obstruction of the 
papilla are regarded as promoting pancreatic inflammation. 
Invited Commentary: Andrew L. Warshaw, MD, Boston, Mass 


Does the Retrocecal Position of the Vermiform Appendix 
Alter the Clinical Course of Acute Appendicitis?: 


A Prospective Analysis 

Gary K. Shen, MD; Randy Wong, MD; John Daller, MD; 

Stuart Melcer, MD; Andrew Tsen, MD; Staton Awtrey, MD; 

William Rappaport, MD, Tucson, Ariz 

è The retrocecal position of the appendix does not alter the presentation 
of acute appendicitis. 


Biliary Surgery After Cardiac Transplantation 

Michael E. Sekela, MD; Debra A. Hutchins, MD; 

James B. Young, MD; George P. Noon, MD, Houston, Tex 

e Patients who have undergone cardiac transplantation should be screened 
for cholelithiasis; operative intervention should not require symptoms. 
Invited Commentary: John L. Sawyers, MD, Nashville, Tenn 


Level of Axillary Involvement by Lymph Node 
Metastases From Breast Cancer Is Not an Independent 


Predictor of Survival 

Richard J. Barth, Jr, MD; David N. Danforth, Jr, MD; 
David J. Venzon, PhD; Karen L. Straus, MD; 

Teresa d'Angelo, RN; Maria J. Merino, MD; 

Lynn Gerber, MD, Bethesda, Md 


e The level of axillary node involvement for stage I! breast cancer is not of 
independent prognostic significance. 


The Effect of a Trauma Svstem on the Outcome of Patients 


With Pancreatic Trauma 

Guy R. Voeller, MD; Eugene C. Mangiante, MD; 

Timothy C. Fabian, MD, Memphis, Tenn 

e The deve opment of a trauma system significantly improved outcome in 
pancreatic trauma using Organ Injury Outcome Analysis. 


Selective Splenocaval Shunt: Report of 26 Cases and 


Review of the Literature 
Hussein M. Atta, MB, BCh; J. Michael Henderson, FRCS; 
John R. Galloway, MD; William J. Millikan, MD, Atlanta, Ga 


e Splenocaval shunt is an alternative to DSR shunt when an abnormal left 
renal veia is present. 


Bacterial Translocation Induces Procoagulant Activity in 
Tissue Macrophages: A Potential Mechanism for 
End-Organ Dysfunction 

Barry J. Sullivan; Carol J. Swallow; Murray J. Girotti; 

Ori D. Rotstein, MD, Toronto, Ontario 

è Bacterial translocation, in the absence of external stimuli, induces cell 


activation at sites remote from the GI tract and may contribute to the 
pathogenesis of MOF. 


565 


5€9 


571 


574 


578 


382 


586 


Continued on page 543. 


541 


The PROXIMATE* ILS Intraluminal Stapler with Detachable Head 


— fWhen compared with other intraluminal staplers of E H i C. O 
. . comparable head size. Data on file, ETHICON, ic. 
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Tumor Necrosis Factor and Interleukin 1 Appearance 591 
in Experimental Gram-negative Septic Shock: 

The Effects of Plasma Exchange With Albumin and 


Plasma Infusion 

Rolf Busund, MD; Rolv-Ole Lindsetmo, MD; 

Lill-Tove Rasmussen, MD; Ola Røkke, MD; 

Ole P. Rekvig, MD; Arthur Revhaug, MD, Tromsö, Norway 


e Tumor necrosis factor and interleukin 1 play an important role as early 
mediators of septic shock. 
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Avoiding Reoperation for Indeterminate Thyroid 598 


Nodules Identified as Malignant After Surgery 

Melvin A. Block, MD; George E. Dailey IIl, MD; 

Douglas Muchmore, MD, La Jolla, Calif 

e Contralateral subtotal or near total lobectomy is recommended for 
indeterminate thyroid nodules. 
Invited Commentary: Orlo H. Clark, MD, San Francisco, Calif 


CORE c e 
Effects of Topical Antimicrobial Agents on the Human 603 


Neutrophil Respiratory Burst 
John F. Hansbrough, MD; Ramon L. Zapata-Sirvent, MD; 
Matthew L. Cooper, MD, San Diego, Calif 


e When antimicrobial agents are used for topical wound care, inhibition 
of the respiratory burst of PMNs might be considered. 


TION Ren 
The Impact of Ulcerogenic Drugs on Surgery for the 609 
Treatment of Peptic Ulcer Disease 

David W. Bliss, MD, Bruce E. Stabile, MD, San Diego, Calif 


e Standard antiulcer medication should be prescribed for the elderly 
and for those who require ulcerogenic drug therapy. 
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Repair of Abdominal Aortic Aneurysms: 614 


A Statewide Experience 

J. David Richardson, MD, Louisville, Ky; 

Karen A. Main, PhD, Frankfort, Ky 

e In Kentucky the low mortality for elective AAA repair in the elderly population 
in divergent hospitals argues for its liberal use when contrasted with the high 
mortality and morbidity for emergency operations. 
Invited Commentary: George Johnson, Jr, MD, Chapel Hill, NC 





Complications of Percutaneous Intra-aortic 621 
Balloon Pump Use in Patients With Peripheral 

Vascular Disease 

Kara H. V. Kvilekval, MD; Robert A. Mason, MD; 

G. Broadie Newton, MD; Constantine E. Anagnostopoulos, MD, ScD; 

Stephen C. Vlay, MD; Fabio Giron, MD, PhD, Stony Brook, NY 


e Major embolic occlusive and technical complications following PIABP 
occur more frequently in patients with a history of PVD. 


Inguinal Herniorrhaphy: 628 
Reduced Morbidity by Service Standardization 

Maximo Devsine, MD; Roger C. Grimson, PhD; 

Harry S. Soroff, MD, Northport, NY 

e The authors believe that results are better after repair by dedicated 


“herniorrhaphists” than by board-certified general surgeons in broader 
practice. 
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SURGICAL LAPAROSCOPY 


Editor: Karl A. Zucker, M.D., Associate Professor of 
Surgery, University of Maryland Medical Center, 
Baltimore, Maryland. Associate Editors: EJ. Reddick, 
M.D., General Surgeon, West Side Hospital, Nashvil'e, 
Tennessee; and Robert W. Bailey, M.D., Assistant 
Professor of Surgery, University of Maryland Medica! 
Center, Baitimore, Maryland. 
SURGICAL LAPAROSCOPY presents the latest informa- 
tion on the recent developments and technologica! 
advances in laparoscopic surgical techniques. Experts in 
this specialty share their knowledge anc experience in 
chapters devoted to: 

E laparoscopic cholecystectomy 

W laparoscopic cholangiography and 

choledochoscopy 

I laparoscopic appendectomy 

E laparoscopic intestinal resection 

B training and credentialing 

@ lasers in laparoscopic surgery 

W instrumentation and technology 

B laparoscopic truncal and selective vagotomy 

W laparoscopic pelvic lymphadenectomy 
This book furnishes the reader with the most up-to-date, 
comprehensive and clinical information available, and is 
certain to become fhe standard in this rapidly expancing 
field. 
376 pages. 340 ills., 87 in four color. 
ISBN 0-942219-21-X. Price: U.S. $100.00. Feb. 1991. 
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Prices. subject to charge. Shipping and handling additional an books, 


2086 Craigshire Drive * 5t. Louis, MO 63146 » Attention Cindy Lia * 314-878- 


PERSPECTIVES IN GENERAL SURGERY 


Perspectives in General Surgery is a new way of presenting 
essential information you need to keep current in your 
specialty. The series is designed not only to inform, but to 
stimulate, challenge, and involve the reader. The variable and 
interactive format invites the surgeon to participate in the 
learning process. Topics are presented in designated sections, 
each with its own approach, its own rules, its own perspectives. 
Threughout each volume of Perspectives (two per year) you 
will find the emphasis to be clinical, technical, and state-of-the- 
art. This is a series designed for you. 

EDITOR: Barry A. Levine, M.D. EDITORIAL BOARD: Ronald 
V. Maier, M.D., Kirby I. Bland, M.D., David Fromm, M.D., M. 
Wayne Flye, M.D., Donald E. Fry, M.D., Kenneth R. Sirinek, 
M.D. 

Subscribers receive two hardbound volumes per year. Annual 
Subscription Rates: U.S. Individual $75.00 (Inc. postage) 
International $112.50 (Inc. airmail) 


PRINCIPLES AND PRACTICE OF SURGERY 
FOR THE COLON, RECTUM, AND ANUS 


by Philip H. Gordon, M.D. F.R.C.S4C), FACS., Professor of 


Surgery, Depariment of Surgery, McGill University; Director, Colon 


and Rectal Surgery, Sir Mortimer B. Davis Jewish General Hospital 


Montreal, Quebec, Canada: and Santhat Nivatvongs, M.D, FACS, 


Professor of Surgery, Maye Medical School, Rochester, Minnesota 
This comprehensive work includes thorough coverage of disease pro- 
cesses and surgical procedures of the colon, rectum, and anus. Detailed 
operative techniques supplemented by numerous illustrations (many in 
color) promise to make this book the definite source on the topic. 
Apprex. 800 pages, 540 ills., 250 in color, ISBN 0-942219.10-4. 
Tentative price: $175.00. Fall 1991. 
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She's outbattled 

the Great Depression, 
her husband's death, 
and a myocardial 
infarction. 


Now she’s won a fight 
against gram-negative 
cholecystitis. 


For broad aerobic gram-negative 
coverage, including 

Pseudomonas aeruginosa, 

in serious intra-abdominal infections: 





— Peritonitis 
— Abscess 
— Appendicitis 


Please see the adjacent page for a brief summary of prescribing 
information. 


*Due to susceptible organisms. 


In the management of gram-negative infection. .. 
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Azactam 


aztreonam 








AZACTAM® FOR INJECTION 
Aztreonam For injection 


DESCRIPTION-AZACTAM (aztreonam, Squibb) is thefirst member of a new class 
of antibiotics classified as monobactams. AZACTAM is a totally synthetic bacterici- 
Cal antibiotic with activity against a wide spectrum of Gram-negative aerobic 
pathogens. The monobactams, having a unique monocyclic beta-lactam nucleus, 
are structurally cifferant from other beta-lactam antibiotics. 

AZACTAM For injection is a sterile, nonpyrogenic, sodium-iree, white to yallowish- 
whitedyophilized cake, contairing approximately 780 mg arginine per gram of aztre- 
onam for intramuscular or intravenous use following constitution. Aqueous solutions 
of the product have a pH in the range of 4.5-7.5. 


INDICATIONS. AND USAGE-Before initiating treatment with AZACTAM, appropriate 
specimens should be obtained for isolation of the causative erganism(s) anc for de- 
-termination of susceptibility to aztreonam. Treatment with AZACTAM may be started 
empir:cally before resuits of the susceptibility testing are available; subsequently, ap- 


> =- proprate antibiotic therapy should be continued. 


AZACTAM Fer injection is indicatad for the treatment of the following infections 
caused by susceptible gram-negative microorganisms: Urinary Tract Infections 
(complicated and uncomplicated), including pyelonephritis and cystitis (initial and 
recurrant) caused by Escherichia coli, Klebsiella pneumoriae, Proteus mirabilis, 
Pseucomonas aeruginosa, Enterobacter cloacae, Klebsiella oxytoca*, Citrobacter 
species* and Sarratia marcescens*. Lower Respiratory Tract infections, including 


pm pneumonia and bronchitis caused by Escherichia cali, Kiebsiella pneumoniae, 


Pseudomonas aeruginosa, Haemophilus influenzae, Proteus mirabilis, Entesobacter 
species anc Serratia marcescens*, Septicemia caused by Escherichia coli, Kiebsiella 
pneumoniae, Pseudomonas aeruginosa, Proteus mirabilis*, Serratia marcescens* and 
Enterchacter species. Skin and Skin-Structure infections, including those asso- 
ciated with postoperative wounds, alcers and burns caused by Eschericaia coli, 
Proteus mirabilis, Serratia marcescens, Enterobacter species, Pseudomonas aerugi- 
nosa, Klebsiella pneumoniae, ard Citodacter species*. intra-abdominal infections, 
ineluding peritonitis caused by Escherichia coli, Klebsiella species, including K. 
preumoniae, Eaterobacter species including E. cloacae*, Pseudomonas aerugi- 
nasa, Citrobacter species* inciuding:C. freundii* and Serratia species* including S. 
marcescens*. Gynecologic infections, including endometritis and pelvic cellulitis 
causec by Escherichia coli, Klebsielia pneumoniae*, Enterobacter species* includ- 
ing E. cloacae*, and Proteus mirabilis’. 

AZACTAM is indicated for adjunctive therapy to surgery in the management of in- 
fections caused by susceptible organisms, including abscesses, infections compli- 
cating hollow viscus perforations, cutaneous infections anc infections of serous 
Surfaces. AZAC"AM is effective against most of the commoniy encountered gram- 
negative aerobic pathogens seen in general surgery. 


Concurrent Therapy-Concurrent initial therapy with other antimicrobial agents and 
AZACTAM is recommended before tha causative organisms(s; is known in seriously 
ill patients who are also at risk ef having an infection due to gram-positive aerobic 
pathogens. H anaerobic organisms are also suspected, therapy should be initiated 
using an antianaerobic agent ccacursently with AZACTAM. Certain antibiotics (e.g., 
cefoxitin, imipenem) may induce high levels of beta-lactamase in vitro in some gram- 
negative aerobes such as Enterobacter and Pseudomonas spacies, resulting in an- 
tagonism to many beta-lactam artibiotics including aztreonam, These in vitro findings 
sugges: that such beta-lactamase inducing antibiotics not be used concurrently 
with aztreonam, Following identification and susceptibility testing, appropriate an- 
tibiotic therapy snould be continued. 

CONTRAINDICATIONS~Aztreor:am is contraindicated in patients with known allergy 
to this antibiotic. 


WARNINGS-Pseudomembranous celitis has been reported with nearly ali anti- 
bacterial agents. including aztreonam, and may range in severity from mild to lite- 
threatening. Therefore, it is important to consider this diagnosis in patients who 


b | present with diarrhea subsequent tc the administration of antibacterial agents. 


Tieatment with antibacterial agents alters the normal flora cf the colon anc may 


mu permit cvergrowt^ of clostridia. Studies indicate that a toxin produced by Clostridium 
.'. difficile :s one primary cause of ‘antibictic-associated colitis." 


After the diagncsis of pseudomembranous colitis has been established, therapeutic 


measures should be initiated. Mild cases of pseudomembranous colitis usually re- 


spand to drug discontinuation alone. In moderate to severe cases, consideration 
should be given to management with fluids and electrolytes, protein supplementa- 
tion, and treatment with an oral antibacterial drug effective against C. difficile (e.g.. 
vancomycin). Careful inquiry shculd te made for a history of hypersensitivity reac- 


= ponto any antibiotic or other drugs. Antibiotics should be given with caution to any 


patient who has had same form of allergy, particularly to drugs. It is recommended 
that patients who have had immediateihypersensitivity reactions (e.g., anaph'rlactic 
or urticazial) to penicillins and/or cephalosporins should be followed with special care. 
If ar allergic reaction tc aztreonam occurs, discontinue the drug and institute sup- 


Caso 


*Efficacy, for this organism in this organ system was studied in fewer than ten infections. 
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portive treatment as appropriate (e.g., maintenance of ventilation, pressor amines, - 
antihistamines, corticosteroids). Serious hypersensitivity reactions may require 
epinephrine and other emergency measures. 


PRECAUTIONS-General: In patients with impaired hepatic or renal function, ap- 
propriate monitoring is recommended during therapy. If an aminoglycoside is used 
concurrently with aztreonam, especially if high dosages of the former are used or if 
therapy is prolonged, renal function should be monitored because of the potential 
nephretoxicity and ototaxicity of aminoglycoside antibiotics. The use of antibiotics 
may promote the overgrowth of nonsusceptible organisms, including gram-positive 
organisms and fungi, Should superinfection occur during therapy, appropriate mea- 
sures should be taken. 


Carcinogenesis, Mutagenesis, Impairment of Fertility~Carcinogenicity studies in 
animais have not been performed. Genetic toxicology studies performed in vivo and 
in vitro with aztreonam in several standard laboratory models revealed no evidence 
of mutagenic potential at the chromosomal or gene level. Two-generation reproduction 
studies in rats at daily doses up to 20 times the maximum recommended human dose, 
prior tc and during gestation and lactation, revealed no evidence of impaired fertil- 
ity. There was a slightly reduced survival rate during the lactation period in the off- 
spring of rats that received the highest dosage, but not in offspring of rats that 
received five times the maximum recommended human dose. 


Pregnancy-Pregnancy Category B: Aztreonam crosses the placenta and enters the 
fetal circulation. Studies in pregnant rats and rabbits, with daily doses up to 15 and 
5 times. respectively, the maximum recommended human dose, revealed no evidence 
of embryo- or fetotoxicity or teratogenicity. No drug induced changes were seen in 
any of the maternal, fetal or neonatal parameters that were monitored in rats receiving 
15 times the maximum recommended human dose of aztreonam during late gesta- 
tion and lactation. There are no adequate and well-controlied studies in pregnant 
women. Because animal reprcduction studies are nct always predictive of human 
response, aztreonam should be used during pregnancy only if clearly needed. 


Nursing Mothers-Aztreonam is excreted in breast milk in concentrations that are 
less than 1% of concentrations determined in simultaneously obtained maternal 
serum; consideration should be given to temporary discontinuation of nursing and 
use of formula feedings. 


Pediatric Use-Safety and effectiveness have not been established in infants and children. 


ADVERSE REACTIONS-Local reactions such as phlebitis/thrombophlebitis follow- 
ing IV administration, and discomfort/swelling at the injection site following IM ad- 
ministration occurred at rates of approximately 1.9% and 2.4%, respectively. Systemic 
reactors (considered to be related to therapy or of uncertain etiology) occurring at 
an incicence of 1 to 1.3% include diarrhea, nausea and/or vomiting, and rash. 
Reactions occurring at an incidence of less than 1% are listed within each body sys- 
tem in order of decreasing severity: Hypersensitivity-anaphylaxis. Hematologíc--pan- 
cytopersa, neutropenia, thrombocytopenia, anemia, leukocytosis, thrombocytosis. 
Gastrointestinal-abdominal cramps: rare cases of C. difticile-associated diarrhea, in- 
cluding pseudomembranous colitis, or gastrointestinal bleeding have been reported. 
Onset of pseudomembranous colitis symptoms may occur during or after antibiotic 
treatment (see WARNINGS). Dermatologic-purpura, erythema multiforme, urticaria, 
exfoliative dermatitis, petechiae, pruritus, diaphoresis. Cardiovascular-hypotension, 
transien: ECG changes (ventricular bigeminy and PVC). Respiratory-one patient ex- 
perienced flushing, chest pain, and dyspnea. Hepatobiliary-hepatitis, jaundice. 
Nervous System-seizure, confusion, vertigo, paresthesia, insomnia, dizziness. 
Musculaskeletal-muscular aches. Special Senses-tinnitus, diplopia, mouth ulcer, al- 
tered taste, numb tongue, sneezing and nasal congestion, halitosis. Other-vaginal 
candidiasis, vaginitis, breast tenderness. Body as a Whole-weakness, headache, 
fever, malaise. 


Adverse Laboratory Changes-Those reported without regard to drug relationship 
during ciinical trials were: Hepatic-elevations of AST (SGOT), ALT (SGPT), and al- 
kaline phosphatase; signs or symptoms of hepatobiliary dysfunction occurred in less 
than 1% of recipients (see above). Hemic-increases in prothrombin and partial 
thromboplastin times, eosinophilia, positive Coombs test. Renal-increases in serum 
creatinine. 


OVERDOSAGE-If necessary, aztreonam may be cleared from the serum by hemodial- 
ysis and/or peritoneal dialysis. 


DOSAGE AND ADMINISTRATION-Dosage adjustments are recommended for pa- 
tients with impaired renal function. In elderly patients, estimates of creatinine clear- 
ance should be obtained and appropriate dasage modifications made if necessary. 


HOW SUPPLIED-AZACTAM For Injection (Aztreonam For Injection)--Lyophilized-is 
supplied in single-dose 15 mL vials containing 500 mg, or 1 g/vial; in single-dose 
30 mL vials containing 2 g/vial; and in single-dose 100 mL intravenous infusion bot- 
tles containing 500 mg or 1 g or 2 g/bottle. 


Consult package insert before prescribing AZACTAM (aztreonam). (J4-231C) 
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them. Now available in your area, 

the Nationa! Physician Credentials 
Verification Service, AMA/NCVS;" can 
make the process easier and better. 


Here's how 

For physicians: The AMA/NCVS sets 
up and maintains a permanent portfolio 
of verified information that can be used 
as the physician applies for licensure or 
privileges. The physician no longer 
needs to start from scratch each time 
an application is made. 


For hospitais/boards: The AMA/NCVS 
provides a summary report of core 
credentials that have been verified with 
primary sources. And for the core 
credentials it collects, the AMA/NCVS 
satisfies current standards definad in 
the Joint Commission Accreditation 
Manual for Hospitals for primary source 
verification. The credentials verifier no 
longer needs to reverify all information. 


The resuit 

It's called a win-win situation and, 
best of all, t's operated by the most 
experienced provider of physicien 
information: the American Medical 
Association. 


For information on the Service, 
contact your co-sponsoring Medical 
Society office or call the AMA at 
1-800-677-NCVS. 


The AMA/NCVS — it means 
greater efficiency... 
quality assured. 
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Effects of Positive End-Expiratory Pressure on Splanchnic 631 


Circulation and Function in Experimental Peritonitis 

Dag Arvidsson, MD, PhD, Uppsala, Sweden; 

Per Almquist, MD, PhD, Lund, Sweden; 

Ulf Haglund, MD, PhD, Uppsala, Sweden 

€ The combination of sepsis and PEEP was not additive on portal blood flow 
reduction but reduced bile production. 





Composite Tissue Transfer in Limb-Salvage Surgery 639 
David N. Krag, MD; Howard Klein, MD; 
Philip D. Schneider, MD, PhD; 
James E. Goodnight, Jr, MD, PhD, Sacramento, Calif 
e Composite tissue transfer in limb salvage surgery utilizing microvascular 
techniques provides good soft-tissue coverage and tolerates postoperative 
irradiation. 


CLINICAL NOTES 


Recognition, Management, and Prevention of 642 
Clostridium septicum Abscess in Immunosuppressed Patients 

Magnus E. Kclbeinsson, MD; 

Walter D. Holder, Jr, MD; Salim Aziz, MD, Stanford, Calif 








Cystic Duct Cholangiography During Laparoscopic 646 
Cholecystectomy 

Michael E. Blatner, MD; Catherine M. Wittgen, MD; 

Charles H. Andrus, MD; Donald L. Kaminski, MD, St Louis, Mo 


Indications for and the Technique of Local Resection of 650 
Tumors of the Papilla of Vater 

Marwan Farouk, FRCS; Manolis Niotis, MD; 

Gene D. Branum, MD; Peter B. Cotton, MD; 

William C. Meyers, MD, Durham, NC 

Invited Commentary: Robert E. Hermann, Cleveland, Ohio 





Inflammatory Pseudotumor in Childhood: 653 
A Diagnostic and Therapeutic Dilemma 

Enrique Freud, MD; Ron Bilik, MD, MS; 

Isaac Yaniv, MD; Gadi Horev, MD; David Cohen, MD; 

Marc Mimouni, MD; Michael Zer, MD, Petah-Tiqva, Israel 

Invited Commentary: E. Ide Smith, MD, Dallas, Tex 
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(Famotidine|MSD) 


A single 20-mg I.V. dose 
maintains pH above 4.0 
for up to12 hours 


PEPCID I.V. is indicated in some hospitalized patients with 
pathological hypersecretory conditions or intractable ulcers 
or as an alternative to the oral dosage forms for short-term 
use in patients who are unable to take oral medication. 


All formulations of PEPCID are contraindicated in patients who are hypersensitive 
to any component of these products. PEPCID is usually well tolerated; most 
adverse reactions have been mild and transient. The following adverse reactions 
have been reported at a rate greater than 1% of patients on therapy with 
PEPCID in controlled clinical trials and may be causally related to the drug: 
headache (4.7%), dizziness (1.3%), constipation (1.2%), and diarrhea (1.7%). 


For complete contraindications, warnings, precautions, and adverse reactions, 
please see the Brief Summary of Prescribing Information on the following page. 


. Ryan, J. R. et al.: Comparison of effects of oral and intravenous famotidine on inhibition M S D 
of nocturnal gastric acid secretion, Am. J. Med. 81 (suppl 4B):60-64, October 24, 1986. MERCK 
. Frank, W. O. et al.: The effect of single intravenous doses of cimetidine or ranitidine SH 


on gastric secretion, Clin. Pharmacol. Ther. 40(6]:665-672. December 1986. DOHM 





Pepadi 


(Famotiaine|MSD) 


20 mg per 2 mL 





Pepcid Pepcid 


(Famotiaine|MSD) (Famotidine for 


20 mg and 40 mg 


40 mg per 5 mL 


Contraindications: Hypersensitivity to any component of these 
products. 


Precautions: General: Symptomatic response to therapy does not 
preclude the presence of gastric malignancy. 


Fatients with Severe Renal Insufficiency: Longer intervals between 
doses or lower doses may be needed in patients with severe renal 
insufficiency (creatinine clearance — 10 mL/min) to adjust for the 
longer elimination half-life of famotidine (see Clinical Pharmacology 
and Dosage and Administration sections of Prescribing Information). 


Information for Patients: The oral suspension should be shaken 
vigorously for 5 to 10 seconds prior to each use, and unused 
constituted ora! suspension should be discarded after 30 days. 


Drug Interactions: Nc drug interactions have been identified. 
Compounds tested in man include warfarin, theophylline, phenytoin, 
diazepam, aminopyrine, and antipyrine. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: In rats 

and mice given ora! doses up to approximately 2.500 times the 
recommended human dose for active duodenal ulcer, there was no 
evidence of carcinogenic potential; at these doses in rats, fertility and 
reproductive performance were not affected. No evidence of a 
mutagenic effect was cbserved. 


Pregnancy: Pregnancy Category B—There are no adequate or 
well-controlled studies in pregnant women. Use during pregnancy 
only if clearly needed. 


Nursing Mothers: it is not known whether famotidine is secreted into 
human milk; however, i: is secreted into the milk of lactating rats. 

A decision should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug 
tc the mother. 


Pediatric Use: Safety and effectiveness in children have not been 
established. 


Use In Elderly Patients: No dosage adjustment is required based on 
age but may be necessary in severe renal impairment (see Clinical 
Pharmacology section of Prescribing Information). 


Adverse Reactions: Tne adverse reactions listed below have been 
reported during domestic anc international clinical trials in 
approximately 2,500 patients. In the placebo-controlled clinical trials, 
the incidence of adverse experiences with PEPCID Tablets 40 mg at 
bedtime was similar to that with placebo. 


Incidence Greater than 196: The following adverse reactions have 
been reported to occur in more than 1% of patients on therapy with 
PEPCID in controlled clinical trials and may be causally related to the 
drug: headache (4.7%), dizziness (1.3%), constipation (1.2%), and 
diarrhea (1.7%). 


Causal Relationship Unknown: The following other adverse 
reactions have been reported infrequently and within each category 
are listed in order of cecreasing severity. The relationship to therapy 
with PEPCID has been unclear in many cases. Body as a Whole— 
Fever, asthenia, fatigue Cardiovascular—Arrhythmia, AV block, 
palpitation. Gastrointestinal—Cholestatic jaundice, liver enzyme 
abnormalities, vomiting. nausea, abdominal discomfort, anorexia, dry 
mouth. Hematologic—Rare cases of agranulocytosis, pancytopenia, 
leukopenia, thrombocytopenia. Hypersensitivity—Anaphylaxis, 
angioedema, orbita! or facial edema, urticaria, rash, conjunctival 
injection. Musculoskeleta/—Musculoskeletal pain, arthralgia. Nervous 
System/Psychiatric—Grand mal seizure; psychic disturbances, which 
were reversible in cases for which follow-up was obtained, including 
hailucinations, confusion, agitation, depression, anxiety, decreased 
libido; paresthesia; insomnia; somnolence. Respiratory— 
Bronchospasm. Skin— Alopecia, acne, pruritus, dry skin, flushing. 
Special Senses- Tinnitus, taste disorder. Other—Rare cases of 
impotence have been reported; however. in controlled clinical trials. 
the incidence was not greater than that seen with placebo. 


The adverse reactions reported for PEPCID Tablets may also occur 
with PEPCID Oral Suspension or PEPCID I.V; in addition, transient 
irritation at the injection site has been observed with PEPCID I V. 


Management of Overdosage: There is no experience to date with 
deliberate overdosage. Up to 640 mg/day have been given to patients 


Oral Suspension]MSD) 


with pathological hypersecretory conditions with no serious adverse 
effects. In the event of overdosage, treatment should be symptomatic 
and supportive. Unabsorbed material should be removed from the 
gastrointestinal tract, the patient should be monitored, and supportive 
therapy should be employed. 


Dosage and Administration: Duodenal Ulcer: The recommended 
adult oral dosage for active duodenal ulcer is 40 mg h.s.; most 
patients heal within 4 weeks, and it is rarely necessary to use the full 
dosage for longer than 6 to 8 weeks. A regimen of 20 mg b.i.d. is also 
effective. For maintenance therapy, the recommended oral dosage is 
20 mg h.s. 


Benign Gastric Ulcer: The recommended adult oral dosage for 
active benign gastric ulcer is 40 mg h.s. 


Pathological Hypersecretory Conditions (e.g., Zollinger-Ellison 
Syndrome, Multiple Endocrine Adenomas): The dosage varies 

with the individual patient; the recommended adult oral starting 
dosage is 20 mg q6h, but some patients may require a higher starting 
dosage. Dosages should be adjusted to individual patient needs and 
continued as long as clinically indicated: up to 160 mg q6h have been 
administered to some patients with severe Zollinger-Ellison syndrome. 


Oral Suspension: The cral suspension may be substituted for tablets. 


Directions for Preparing PEPCID Oral Suspension: Prepare 
suspension at time of dispensing. Slowly add 46 mL Purified Water. 
Shake vigorously for 5 tc 10 seconds immediately after adding the 
water and immediately before use. 


Stability of PEPCID Oral Suspension: Unused constituted oral 
suspension should be discarded after 30 days. 


Intravenous Administration: In some hospitalized patients with 
pathological hypersecretory conditions or intractable ulcers or in 
patients who are unable to take oral medication, the recommended 
intravenous dosage is 20 mg q12h. For preparation of intravenous 
sclutions for injection or infusion and for compatible diluents, please 
see Prescribing Information. Parenteral drug products should be 
inspected visually for particulate matter and discoloration prior to 
acministration whenever solution and container permit. 


Concomitant Use of Antacids: Antacids may be given concomitantly 
if needed. 


Dosage Adjustment for Patients with Severe Renal Insufficiency: 
In patients with severe renal insufficiency (creatinine clearance less 
than 10 mL/min), the elimination half-life of famotidine may exceed 
20 hours, reaching approximately 24 hours in anuric patients. 
Although no relationship of adverse effects to high plasma levels has 
been established, to avoid excess accumulation of the drug, the 
dosage may be reduced to 20 mg h.s. or the dosing interval may be 
prolonged to 36 to 48 hours as indicated by the patient's clinical 
response. 


How Supplied: Tablets, containing 20 mg or 40 mg famotidine, with 
hydroxypropyl cellulose, nydroxypropyl methylcellulose, iron oxides, 
magnesium stearate, microcrystalline cellulose, starch, talc, and 
titanium dioxide as inactive ingredients, in unit-of-use bottles of 30 
and 100 and unit-dose packages of 100; Oral Suspension, containing 
40 mg famotidine per 5 mL after constitution with 46 mL Purified 
Water, with citric acid, flavors, microcrystalline cellulose and 
carboxymethylcellulose sodium, sucrose, and xanthan gum as 
inactive ingredients, and sodium benzoate 0.196, sodium 
methylparaben 0.1%, and sodium propylparaben 0.02% added as 
preservatives, in bottles of 400 mg famotidine for constitution; 
Solution for intravenous injection, containing 10 mg famotidine per 
mL, with L-aspartic acid 4 mg, mannitol 20 mg, and Water for Injection 
q.s. 1 mL as inactive ingredients, and benzyl alcohol 0.9% added as 
preservative to the multidose vial, as 10x2-mL single-dose vials and 
as 4-mL vials. 





For more detailed information, consult your MSD 
MSD Representative or see Prescribing Information. MERCK 
Merck Sharp & Dohme, Division of Merck & Co., INC., SHARP: 
West Point, PA 19486 JOPE42(312) DOHME 
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Underinsured 


fTNhe American Medical Association and its family of jour- 

. nals, inc ading JAMA, are focusing this month on health 
care for the uninsured and underinsured in the American 
society. This complex socioeconomie problem has troubled 
our nation for many years. The number of underinsured and 
uninsured Americans continues to increase at an alarming 
rate. It has become a serious national concern and fosters 
continuing dialogue. Our national effort for resolution of this 
problem continues to be terpsichorean. While we are experi- 
encing à searing deficit and a deepening recession, the costly 
war in the Parsian Gulf has expanded the roles of the unem- 
- ployed and underinsured. 

Surgeons rained in the United States during the last 50 
years are intensely aware of existing practices in many of our 
hospitals that complicate health care for the poor. Significant 
parts of our surgical training have occurred in public hospitals 
where there are often long waiting lines, equipment short- 
ages, poor staffing, and underfunding, coupled with high 
patient cancellation and no-show rates. These are factors that 
affect, but are not directly related to, our discipline. The 
United States has a gifted surgical community. We are in 
many ways confronted with a dilemma of our own research 
and patient care successes. Although the financing of health 
care is a global concern, the surgical disciplines are not im- 
mune from the effects of this problem. We are not a sui 
generis group. While responsibility for our concern may best 
be left to our informed national surgical leadership, we can no 
longer ignore this eontinuing national problem with the apho- 
rism, ^We have always taken care of the poor." 

In our system of health care, costs attributable to surgery 
are driven by increased pressure for aggressive surgical in- 
tervention, seciety's reluetance to accept death as a natural 
event, a system of resident training that encourages “high- 
tech" and critical care surgery, and the threat of litigation, 
which increases the use of diagnostic tests and influences 
management decisions. Even so, within our complex society, 
surgeons sheuld accept the challenge and rise to new stan- 
dards of accountability regarding care of the poor. 

Our national priorities are poorly focused and need serious 
. realignment. These data serve to emphasize our concerns: 
(1) In the last 44 years, we have had only seven balanced 
national budgets, the latest being in 1969; (2) More than $100 
_ billion will be spent in 1991 to protect Japan and Western 





- Europe from military threats; (3) Only 4.196 of our gross 





national produet in 1989 was spent on publie education, eom- 
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pared with 4.8% in Japan and 7% in Sweden; and (4) The 
percentage of our gross national product spent on the heaith 
care system in 1989 was 11.1%, compared with 6.8% in 
Australia. 

These increased health care costs are multifactorial in ori- 
gin and generally attributed to increased utilization of medi- 
cal services; phenomenal technologic developments; inflation; 
increased hospital personnel costs; an aging population, :n- 
cluding the chronically ill; and the growth of insurance cover- 
age and other third-party payments. The lingo in the hea th 
care industry has become saturated with terms such as "raa- 
croallocation” and “microallocation.” Society, while confront- 
ing the reality of our limited health care resources, simulia- 
neously raises the complex questions of allocation, rationing, 
and financing.’ 

Several special projects recently funded by the National 
Science Foundation and the National Institute of Men:al 
Health are a reflection of our national priorities: (1) a study of 
the cause of rudeness, cheating, and lying on tennis courts 
that received $2500; (2) a study of why peop’e fall in love that 
received $84 000; (3) a study of how long it takes to cook eggs 
that received $46 000; (4) a “study of sexual-looking, classical 
conditioning of sexual arousal, and improvement of copula- 
tory performance of Japanese quail" that received $107 000; 
and (5) construction of a 10-story replica of the great pyramid 
of Cheops that received $500 000.’ The military-industrial 
complex has been no less a participant in utilizing a significant 
segment of our gross national produet. 

Back in the trenches, we should develop an. agenda within 
the discipline of surgery that governs our attitudes and prac- 
tices in caring for the surgical needs of the poor. This agenda 
need not await a consensus on global funding mechanisms. 
How then do we take care of the surgical needs:of the underin- 
sured and uninsured during this protracted national dialogue? 
Observations herein are not intended to ignore the contribu- 
tions of those who fulfill their responsibilities to indigent 
patients in their practices. The pro bono work of surgeons 
would be a difficult figure to document. 

Reflect back for a moment, however: Would your surgical 
training have been possible in the absence of indigent pa- 
tients? Did they contribute to your learning experience? Do 
you feel any professional and/or personal obligation (payback) 
to those who contributed to your early surgical training? 
Fairness does not dictate that a surgeon accept and treat only 
the uninsured or underinsured. This reaction begs the ques- 
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tion. A better question is: Have vou done your fair share? 
There are dignified ways to exercise such a commitment to 
this segment of our health care population. 

I recently made a personal appointment to see a profession- 
al colleague. After identifying myself, the first bit of informa- 
tion requested by the receptionist was the name of my insur- 
ance carrier. This is not an unusual occurrence. Such 
contretemps serve to confirm that eur practices are economi- 
eally driven.* Have we developed a two-tier system of surgical 
care in which the poor receive inferior and less attentive care 
than patients who can afford to pay? Too often the poor are 
considered lower class and disruptive to our practices and 
hospital system. Can we neglect or defer care for this group 
less fortunate patients while a global funding strategy is being 
developed? By our voluntary acticns we can assist the under- 
insured end uninsured segment of society in maintaining their 
sense of dignity. Such posturing is not designed to be senten- 
tious. Eeonomie considerations seem to play an inordinate 
rele in driving our moral obligations on this issue. 

Humane attitudes do not require legislation, are cost-effee- 
tive, anc have been the cornerstone of our love affair with 
patients for centuries. Our regard of the indigent patient 
during professional contact is refiected in the manner by 
which we obtain informed consents, interpret the need for an 
operation or its results, supervise residents, and return 
phone calls. Our body language and attitudes speak louder 
than words. The 1977 observation by Egbert and Rothman‘ 
that blacxs were 2.2 to 4.3 times more likely than whites to be 
under the care of surgeons in training (P<.001), although 
widely criticized at the time, continues to haunt our system or 
nonsystem. We should reassure ourselves and society that 
indications for operative intervention are not governed by the 
economic status of patients. What are our reasons for not 
admitting Medicare and Medicaid patients to our practices? 
We must offer our surgical services to individuals in Appala- 
chia, rural America, and the inner city, and, yes, even te the 
incarcerated within our criminal justice system. No patient 
should be denied needed emergency or elective surgery be- 
cause of monetary considerations alone. 

Surgeons could do more to control their own destinies by 
taking care of the uninsured and underinsured. These actions 
must go beyond mere public relatiens rhetoric. Many of our 
colleagues will counter that we dc better than others, which 
again begs the question by comparing us with noncomparable 
occupations. It is a rare occasion at surgical meetings where 
ethical issues are discussed, that the agenda includes surgical 
care of the poor. 

Surgeons serve as role models to surgieal house officers 
whose lives we influence. To what.extent is our management 
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-of the poor patient exemplary for our residents? The profit 
motive must be placed within the context of other value- 


or-ented and moral cbligations and not be a carpe diem. Such a 


reoroachment must be taught beginning at the undergradu- 
‘ate level of medical education. 


Surgeons are no more guilty of “skimming” pay patients 


and avoiding indigent patient care than any other group 
within our profession. Practitioners who skim feel this proce- 
dure is justified because those who can pay are subject to an 


informal tax which permits the cost of providing care for those 


. Who cannot pay (the Aunt Emma test). The transfer of the 
 underinsured or uninsured patients from private to public 


hospitals because there is no method of reimbursement is 


institutional skimming (abandonment?). Surgeons are often 
. blamed, instead of the hospital, for these transfer decisions. 


Surgical problems, when they exist in those unable to pay for 


needed services, are not the sole province of university, 


county, or VA hospitals, but rather, as Spinoza said, “Care of 
the poor is incumbent upon society as a whole.” Laws have 
been passed to discourage “dumping.” These federal guide- 
lines serve to "encourage" hospitals to assume responsibility 
for their share of care for the poor, particularly in emergency - 
situations. Health maintenance organizations and private 
cliaies are no less guilty of these same practices. However, 


these guidelines are not uniformly enforced. Some hospitals 


haze a fixed percentile ceiling on the level of charity care they 
underwrite and prorate this pernicious poliey throughout the 
year on a monthly basis. These personal and institutional 
practices suggest that we have a crisis in our value system. - 
We have sat on the sidelines too long watching this revolu- 
tion and hoping that someone else will take care of the prob- 
leri. Today we must exhibit greater concern for humane than 


for monetary values. The significance of the Rip van Winkle 


stcry was not that he slept for so many years but that he slept 
through a revolution. To hope that the problem of health care 
for the underinsured and uninsured will go away or does not 
ex:st is to depart from reality. 


CLAUDE H. ORGAN, JR, MD © 

Oakland, Calif 

Editor 
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The Underi 


he so-called crisis in health care speaks to a situation 
A. whose solution is overwhelming the most ambitious 
among us. As in other "larger than life" crises, it is easy to 
separate ourselves from the problem, leaving its solution to 
apparently mightier powers. Often we stand back from the 
issues; rarely do we identify ourselves as part of the probiem. 
We are numbed into complacency because our life and prac- 
tice are not directly touched; or, if they are, it is in a way by 
which we can shamelessly dismiss the problem as society, or 
the public hospital's, or somebody else's (whoever that is!). In 
some practices, the wallet biopsy is the first procedure per- 
formed, and “greenopenia” is the diagnosis justifying transfer 
to the public facility, or the "teaching service." 
Most of us became physicians because we wanted to care for 
other people. Changes in the practice of medicine have sub- 
-verted the system so that one can easily lose sight of this. 
Medical linguistics reflect this change. We are no longer 
physicians caring for patients; we are “providers servicing 
clients.” Nonetheless, our “clients” still need our care, our 
skill, and our compassion. Looking past the insurers code 
number, the medical assistance card number, or the look of 
despair when asked for the card that is not possessed, we see 
in the "client" a patient with the needs that we were trained to 
eare for We are our brothers and sisters keepers. Our 
ultimate satisfaction as physicians is as caretaker and healer. 
If fiscal realities preclude pro bono care of the medically 
indigent as part of daily practice, we can be supportive of 
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those physicians who have chosen to provide this care. We can 
be sensitive to the inereasing number of patients and decreas- 
ing funding allocated for care of these patients, many of whem 
are the working poor who defer seeking care until their 


treatable disease approaches end stage. We can respect the _ d a 
human dignity of all who call our offices and provide alterma- — 
tive care sources when we cannot accommodate an individual | == 


seeking our help. 

The present medical care system reflects attitudes and 
values of our individualistic, affluent society, which spezks 
poorly for us as a community. Certainly “the medical estab- 


lishment” does not bear responsibility for ail of society's Ls. .: E | 


In fact, like the education system, it has been assigned re- 
sponsibility for larger societal problems not traditionally the 
domain of medieine. Nevertheless, our response ought to be 


as role models rather than as part of the problem. We need to. a 
be advocates for all of our patients and strive to make a system - 


that provides a just and competent level of care to all these 


who need it. This entails defining essential care, lobbying jor ^ — . 


means to provide it, and, if necessary, restricting expens ve - 


or unnecessary services until the basicneedsofthe population : € 
at large have been served. There is indeed unrest resulting — 


from the ills of our medical system, but there can be no peace 


until there is justice. We must be responsible to see that -: 


justice is done. 


MARIA D. ALLO, HD 
San Jose, Calif 
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A New Oral Lavage Solution vs Catharties 


and Enema Method for Preoperative 


Colonic Cleansing 


Lt Col David E. Beck, MC, USAF, Jack A. DiPalma, MD 


» Sulfate free-electrolyte lavage solution is a new osmotically 
balanced electrolyte cut lavage solution for colon surgery that 
has been formulated for improved taste and reduced water and 
electrolyte changes. Sixty patients were prospectively random- 
ized to receive a 1-day preparation with sulfate free—electrolyte 
lavage solution or a 3-day preparation using a clear liquid diet, 
cathartics, and enemas. The patient croups were similar in age, 
race, male-female ratio, and the types of colonic resections per- 
formed. Colonic cleansing was better with sulfate free—-electro- 
lyte lavage solution (160% vs 63% "good" to "excellent" cleans- 
ing). Patient tolerance evaluated by a questionnaire showed 
more overail discomfort with sulfate free—electrolyte lavage solu- 
tien but no difference between the preparations in individual 
symptoms of fullness. cramping, nausea, or vomiting. One pa- 
tient developed a low level of serum potassium after a cathartic 
and enema preparation, while there were no complications with 
sulfate free-electrolyte lavage solution. Patient taste question- 
naires showed a slight preference for sulfate free—electrolyte 
lavage solution (53%) over a polyethylene glycol electrolyte la- 
vage solution (47%). This study confirms that sulfate free—elec- 
troiyte lavage solution is a safe and effective method of preoper- 
ative colonic cleansing. 

(Arch Surg. 1991;126:552-555) 


E reoperative preparation of the bowel with mechanical 

e cleansing and antibiotics has beeome standard practice in 
| don and rectal surgery because it reduces the quantity of 
— .. Stooland, in combination with antibiotics, may decrease infec- 
^ tious complications. Of the preparations currently im use, 

. Sgeveralrecent studies we demonstrated the advantages of 
Coral lavage methods using polyethylene glycol-electrolyte 
lavage solutions (PE : -ELS) for preoperative colonic cleans- 
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ing." To improve the taste and further refine its physiologic 
properties, a new osmotically balanced electrolyte solution, 
sulfate free-electrolyte lavage solution (SF-ELS; NuLytely, 
Braintree [Mass] Laboratories Ine) was developed. This 
study, conducted as part of a Food and Drug Administration 
Phase II trial, compared SF-ELS with a clear liquid, eathartic 
and enema (C/E) method for preoperative colonic cleansing. 


PATIENTS AND METHODS 


From January 1987 to April 1988, 60 patients scheduled for elective 
colonic resection were randomly assigned to receive one of two prepa- 
rations (Table 1). Patients who were pregnant, partially obstructed, 
or had previous bowel resections or ostomies were excluded. Group 1 
patients (n 30) received SF-ELS at 1.5 L/h until diarrheal effluent 
was clear or 4 L was ingested. Group 2 patients (n —30) received a 
3-day clear liquid diet, and C/E administered by nursing personnel. 

In addition to the mechanieal preparation listed above, each patient 
received antibiotie prophylaxis with 1 g of cefoxitin intravenously 
administered on call to the operating room. One or two doses of this 
medieation was given in the postoperative period based on the pa- 
tient’s disease process and the procedure performed. 

The following data were obtained before and after bowel prepara- 
tion: patient weight; serum sodium, potassium, chloride, serum urea 
nitrogen, creatinine, carbon dioxide, and glucose levels; and urine 
specific gravity, hematocrit, hemoglobin, white blood cell count, and 
platelet count. 

The patients completed a questionnaire administered by the study 
coordinator assessing symptoms of fullness, cramps, nausea, vomit- 
ing, and overall distress. The following five-point scale was used: 
1 indicates none; 2, slight; 3, definitely bothersome; 4, quite bother- 
some; and 5, severely distressing. Patients were also asked to taste 
SF-ELS and PEG-ELS (Golytely, Braintree Laboratories Inc) and 
recorded their preference. Questionnaires v were completed after the 
preparations and before anesthesia premedication. 

The operative procedures were performed by surgery residents 
under the direetion of general surgery or colorectal staff. Following 
the resection, the colon was opened and a visual assessment was made 
of the colonic cleansing. A staff surgeon, unaware of the patient's 
preparation method, graded the cleansing on a four-point scale: 
1 indicates poor (solid stool); 2, fair (liquid stool); 3, good (small 
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P 3 able 1.— Colonic Cleansing Methods* 

x. SF-ELSt C/E 

ue im (n 30) (nz 30) 

. Daystand2 | Normal diet Clear liquid diet 
10am oo nia Magnesium citrated 
29 à m X-Preparation 

Enemas§ 

Clear liquid diet 









Clear liquid diet - 
SF-ELS 

intravenous fluid 
Nothing by mouth 








intravenous fluid 

"Nothing by mouth — 
after midnight . . aftermidnight — 
Operating room|] Cefoxitin . Gefoxitin 

*SF-ELS indicates sulfate free-electro yte lavage solution and includes 65 
mmol/L of sodium, 2 mmol/L of potassium, 53 mmol/L of chloride, 17 mEq/L of 
bicarbonate, 105:9/L of polyethylene glycol 3350 solution, and 288 mmolAg of 
osmolality; C/E, cathartics and enemas; and X-Preparation, 72 cms of 
standardized ext:act of senna fruit. 

tTwo hundred forty milliliters administered orally every 10 minutes until 
diarrhea was clear. 

tTwo hundred forty centimeters of magnesium citrate. 

§Saline enemas until clear. 

l/Cefoxitin, 1. g ntravenously on call to operating room. 









Day 4 










Cramping 
SF-ELS C/E 


*SF-ELS indicates sulfate free—electrclyte lavage solution; C/E, cathartics and enema; and NS, not significant. 


tDetermined with x? analysis. 


amount of liquid stool); 4, excellent (no fecal residue). All patients had 
their skin incisions closed primarily. 

This study was approved by and eonducted in accordance with the 
ethical standards of the Wilford Hall USAF Medical Center Human 
Experimentation Committee. Informed consent was obtained from 
all patients. 3 

Patients were randomized to one of the preparations using a table 
of random numbers. Physician assessment of colonic cleansing and 
the patient's taste preference were analyzed with Ridit analysis and 
a x’ test. Patient evaluation of symptoms caused by the preparation 








were analyzed using a x’ test. Changes in weight and laboratory 





variables were analyzed using Student's f test, with signifieance 
defined as P«.05. p | | 
three patients were enrolled, and three were exelud- 


1 the C/E group and one in the SF-ELS group) 
* d y 






, ey cid not receive their preparation according to 
"the protocol Patients ranged in age from 21 to 84 years 
. (mean, 57.6 years). Thirty-nine of the patients were mer. and 
-. 21 women. The two groups were similar in age, male-female 
preoperative body weight, disease, and the types of 


= operative procedures performed (Table 2). 













< ratio, 











Table 2.—Patient Characteristics* m 





Variable SF-ELS C/E 
Age range, y (mean) 27-73 (56.9) 21-84 (58.4) - 
Sex, % female | 
Mean preoperative weight, kg 


Diagnosis, No. of patients 
Carcinoma 
inflammatory bowel disease 
Diverticosis 


Miscellaneous 3 


Surgical procedure, No. of 
patients 
Richt colectomy 


Left colectomy 
Reservoir proceduret 


Abdominal perineal 
resection 


ea ce LO M el SU MD 
Miscellaneous 1 1 


*SF-ELS indicates sulfate free~electrolyte lavage solution: and C/E, cathar- 
tics and enemas. Differences between the two methods were not significant 
+Protocolectomy and ileoanal pouch anastomosis or continent ileostomy. 






Nausea 
gorii eeiam 


SF-ELS C/E 








The patients’ assessment of symptoms resulting from the 
bowel preparation are shown in Table 3. There was no diffor- |... 
ence between the preparations with respect to fullness, = 
cramps, nausea, and vomiting. The patients who received = =o 
SF-ELS had more overall distress (P<.001). Fifty-two pa- 
tients participated in a taste preference analysis of SF-ELS 
and PEG-ELS. Of those with a preference, 53% favored 
SF-ELS, and 47% favored PEG-ELS. Fourteen (27%) indi- 
cated no preference. 

Mean changes in patient weight and biochemical and hema- - 
tologic variables resulting from the cleansing preparatiens — 
are listed in Table 4. Patients undergoing the C/E method had _ 
significantly more weight loss. Although the other mean - 
changes were not significantly different, one patient receiv- 
ing C/E developed a low serum potassium level requirng | 
postponement of surgery. There were no fluid or electrolyte 
complieations with SF-ELS. — 

The assessment of colonic cleansing is listed in Table 5. The - 
superior cleansing with SF-ELS was demonstrated by its . 
significantly higher mean cleansing score (3.8 vs 2.8, 
P<.001). All patients receiving SF-ELS had “good” to "exeel- - 
lent" cleansing scores while only 63% of the patients under: ro- 
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Table 4. — Comparison of Weight and Hematologic and 
Biochemical Changes* 








Sodium, mmoi/t. 
Potassium, mmoi/L 
Chioride, mmol/L 
Carbon dioxide, mmol/L 
Serum urea nitrogen, 
mmci/t 
Glucose, mmol/L 
Hemoglobin, g/t. 
Hematocrit 
White bicod cell, x 10°/L 
Platelets, x tO 
Urine specific gravity ~ 0.003 + 0.008 
Weight. kg 0.02+0.6 ~0,8+0.3 <,001 


*SF-ELS indicates sulfate frse-electrolyte lavage solution; C/E, cathartics 
and enemas; and NS, not significant. Values are expressed as mean + SD. 






1.62+3.8 
~O.723.6 





—0.531:5.0 
-0944.2 





















.62 + 1.63 
1+13 
—0.72*3.3 
10.52 3.4 
~§.6+ 56.3 



















Table 5.— Adequacy of Colonic:'Cleansing* 





SF-ELS C/E 
Variabie (r= 30) (n 30) 
Cleansing scalet 
1 Poor {Solid stool) 0 1 
2 Fair (Large amount liquid 
stool) 0 10 
3 Good (Small amount liquid 
stool) 5 13 
4 Excellent (No fecal residue) 25 
Mean score 3.8 2.8 (P«.Q011) 
% Good to excellent 100 63 (P<,001§) 


*SF-ELS indicates sulfate fres—electrolyte iavage solution; and C/E, cathar- 
tics and enemas. 

* Visual assessment of open celon by staff surgeon unaware of the type of 
preparation 

tRidit analysis. 

&x* analysis. 


ing C/E reached this level. 

Two patients (6.7%) undergoing a C/E preparation devel- 
oped postoperative superficial wound infeetions. The colon 
cleansing scores in these patients were 4 and 3. There were no 
weund infections with SF-ELS. One patient undergoing C/E 
had an intra-abdominal abscess (cleansing score was 2) and 
one patient receiving SF-ELS had an anastomotic disruption 
associated with an abscess (eleansing seore was 4). The mean 
postoperative hospital stay was 9 days for each group. 


COMMENT 


The major risk associated with a colonic resection is con- 
tamination from the bowel. Older studies suggested that a 





Ü . poor mechanical preparation was associated with an in- 
. . creased incidence of wound infections and intra-abdominal 


.  abscesses."" However, the studies were not controlled and 
.. the antibiotics used would not be considered effective by 
.. . today's standards. These authors reported infections in 30% 


= to50% oftheir patients. Recent studies using antibiotics with 


anappropriate spectrum have shown higher infection rates in 
groups of patients with less effective cleansing but the differ- 
ence frequently failed to reach statistical significance due to 


2: .. the small number of patients participating in each study and 
_ the lower modern infectior rate of 5% to 1060, **5" 
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The ideal method of mechanical cleansing has not been 
developed. In studying the methods currently in use, a num- 
ber of disadvantages have been documented. Cathartic and 
enema methods clean the colon by diluting the stool and 
stimulating the colon to evacuate. These methods are time- 
consuming (2 to 3 days), uncomfortable for the patient, and 
associated with eleetrolyte disturbances and weight loss. 
They also provide optimal cleansing in only 75% to 80% of 
patients. ^" Saline lavage is faster and provides better cleans- 
ing, but the large volumes (8 to 10 L) require placement of a 
nasogastric tube and have also been associated with fluid and 
electrolyte problems.*? 

Mannitol solutions require less volume, as it acts as an 
osmotic agent to pull fluid into the gut, which washes out the 
stool. A 1-L solution of 10% mannitol has been used with good 
results,“ and the solution has a pleasant sweet taste. Howev- 
er, several reports have demonstrated that this solution de- 
hydrates patients and has been associated with production of 
potentially explosive colonic gas and an increased wound 
infection rate." This results from overgrowth of Escheri- 
chia coli, which may be reduced by the use of appropriate 
antibioties.° 

To overcome the difficulties with saline and mannitol, Da- 
vis et al^ used an isotonic gut lavage solution, PEG-ELS, 
containing a nonabsorbed osmotic agent (polyethylene glycol 
3350) and a balanced electrolyte solution. Several clinical 
studies have confirmed that PEG-ELS provides excellent 
cleansing (95% to 100%) with minimal patient discomfort for 
colonoscopy, barium enemas, intravenous pyelogram, and 
colon surgery.*”"” This preparation does not produce com- 
bustible gas, causes no fluid or electrolyte problems, and has 
not been associated with increased infectious complications. 
The patient drinks the solution at a rate of 1.5 L/h, and 2to3 L 
of this solution is usually required to achieve good cleans- 
ing." The salty taste is mildly unpleasant, and some patients 
have difficulty drinking the volume of fluid required. 

To improve the taste and refine the physiologic effects of an 
oral lavage preparation, Fordtran et al” developed SF-ELS. 
The modifications of this solution, compared with PEG-E LS, 
include elimination of sulfate, reduction of sodium and potas- 
sium, and a slight increase in PEG 3350 to maintain an iso- 
osmotic solution. Two previous studies, comparing SF-ELS 
with PEG-ELS in patients undergoing colonoscopy and bari- 
um enema, demonstrated that 71% of patients with a prefer- 
ence favored the taste of SF-ELS over that of PEG-ELS.2” 
In this study, the patient’s taste preference between the two 
lavage solutions was not significantly different. The use of 
C/E as a control preparation in this study may have been a 
factor in this result. 

Cathartics and enemas were selected as the control method 
in this study for two reasons. First, while PEG-ELSs have 
Food and Drug Administration approval as bowel prepara- 
tions for colonoscopy and barium enema, they have not yet 
been approved as preoperative bowel preparations. For this 
reason the Food and Drug Administration required the use of 
a C/E method as a control. Seeond, two recent surveys found 
that 36% to 51% of surgeons use cathartics as their preferred 
cleansing method.?^ 

The patient symptom scores we obtained were similar to 
those in our previous bowel preparation studies.’ The signifi- 
cantly greater overall discomfort with SF-ELS may reflect 
the large volume of fluid ingested with this preparation.*5 The 
weight loss after a 3-day C/E preparation reflects either 
dietary restrictions or dehydration. The poor quality of 
cleansing and electrolyte changes associated with C/E con- 
firms results of other controlled trials." The superior cleans- 
ing with SF-ELS and its absence of physiologic alterations 
supports the advantages of this new solution. 
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The number of patients enrolled in this study precludes 
demonstration of a statistical difference in infection rates 
between the two preparations. However, the infection rates 
in this study agree with the previously reported trend toward 
a lower rate with oral lavage cleansing.”*’ This study confirms 
that SF-ELS isa safe, effective method of preoperative co.on- 
ic cleansing. Its better cleansing, acceptable patient toler- 





ance, and minimal physiologic alterations make SF-ELS the 
preferred method. 
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invited Commentary 


Bowel cleansing and the use of perioperative antibiotics 
have decreased the morbidity and mortality of colon surgery. 
Imprevements in bowel cleansing techniques and antibiotic 
usage are aimed at improved results, As the authors of this 
article state, the ideal method of mechanical cleansing has not 
been developed. The ideal method would avoid any unpleasant 
sensation for the patient and ensure a quick and effective 
cleansing. Cathartic and enema methods fall far short of the 
ideal beeause they are most unpleasant psychologically and 
they eause great discomfort. It is surprising to learn from 
recent surveys that 36% to 51% of surgeons still use these 
metheds. 

ogress has been made with the use of oral preparations 
containing polyethylene glycol, and many centers have ac- 
cepted the improved results with Golytely or Colyte prepara- 
tions. Disadvantages of these preparations have been the 
inability of some patients to cope with the quantities of = uid 


required to swallow, and the taste has not been entirely ac- 
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ceptable. The use of a nasogastric tube for total gut irrigation 
in patients who cannot cope with oral ingestion again adds 
more discomfort. 

Davis et al? have improved the Golytely solution, and this is 
commendable because it is a further step toward the ideal. The 
newer solution has a better taste, cleans the bowel most 
effectively, and as demonstrated in this article, is far superior 
to the C/E method. Although the method has given perfect 
cleansing, it has resulted in significantly more discomfort in 
one third of the patients. The new solution has also resulted in 
a trend toward lower infection rates, but the difference be- 
tween infection rates was not statistically significant. These 
results eneourage further use and studies on SF-ELS and 
remind us that the ideal method has yet to be found. 


CEDRIC G. BREMNER, ChM 
Johannesburg, South Africa 





i E 4&6 
«a 


Preoperative Colonic Cleansing—Beck & DiPalma 555 - 











Zollinger-Ellison Syndrome 


A New Look at Regression of Gastrinomas 


Romano Delcore, MD, Stanley R. Friesen, MD 


* Of 4« patients with the Zollinger-Ellison syndrome treated at 
our institution, nine appeared to have undergone "regression" of 
their gastrinomas. Six of the nine patientshad sporadic gastrino- 
mas and became permanently eugastrinemic following excision 
of nodal metastases and total gastrectomy {n= 4), antrectomy 
(n— 1) or pancreatoduodenectomy (n1) (mean survival, 13 
years). The other three patients hac Zollinger-Ellison syndrome 
as part of the multiple endocrine adenopathy type 1 syndrome 
ard became temporarily eugastrinemic after total gastrectomy 
(mean survival, 11 years). Occult submucosal duodenal-wall mi- 
crogastrinomas (mean size, 3.0 mm) were found to have been 
serendipitously excised in four patients. Long-term follow-up of 
these nine patients, as well as of six other patients described in 
the literature, demonstrates that excision of occult duodenai- 
wail gastrinomas provides a plausible explanation for the phe- 
ncmenon of apparent regression of primary gastrinomas and the 
eugastrinemia that may follow total gastrectomy. 

(Arch Surg. 1991;126:556-558) 


“he phenomenon of “regression” of primary and metastat- 
ic gastrin-secreting tumors fellowing total gastrectomy 
was reported in a series of articles from 1967 to 1970.'? Subse- 
quently, others also have described patients with apparent 
regressicn or nonprogression of tumor, including unaceount- 
able clinical remissions cf the Zollinger-Ellison syndrome 
(ZES). In an attempt te explain this phenomenon, it was 
originally postulated that a “gastric trophic factor” or an 
abnorma: secretin feedback mechanism:may play a role in the 
pathogenesis of ZES, and that total gastrectomy might some- 
how reverse or eliminate the suspected mechanism, leading 
to regression of the gastrmomas. Since these early reports, 
however, further experience with ZES and, in particular, 
recent observations that nodal gastrinomas may represent 
metastases” from duodenal-wall gastrinomas that are often 
"occult" have provided clues leading to alternative expla- 
nations for some of these apparent regressions. The purpose 
of this study was to reassess by long-term follow-up patients 
who have exhibited apparent evidence of gastrinoma regres- 
sion following total gastrectomy to determine the natural 
history of this phenomenon. 


PATIENTS AND METHODS 


Of 44 patients with biopsy-proved gastrinomas and ZES treated at 
our institution since 1960, nine initially appeared to have undergone 
regression of tumor, including the four who were originally described 
elsewhere (patients 1, 2, 4, and 5 [Table 1)).'" Six of the nine patients 
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had sporadic gastrinomas and became permanently eugastrinemic 
following excision of nodal gastrinoma metastases and total gastrec- 
tomy, antrectomy, or panereatoduodeneetomy. They were consid- 
ered to have demonstrated regression or disappearance of their 
unidentified primary gastrinomas. The other three patients (patients 
4 through 6 [Table 1]) had ZES as part of the genetic complex of 
multiple endocrine adenopathy type 1 (MEA 1) and became tempo- 
rarily eugastrinemic after undergoing total gastrectomy and biopsy 
of multiple gastrinoma metastases. 

These nine patients were reevaluated. Follow-up information was 
obtained through clinic visits and telephone contacts with patients 
and referring physicians and was complete through 1990 or to the 
time of the patient's death in all cases. All patients were evaluated at 
regular intervals and underwent either some or all of the following: 
serum gastrin level determinations, secretin stimulation tests, calci- 
um infusion tests, liver function tests, computed tomography, angi- 
ography, liver-spleen scans, ultrasonography, and second-look 
operations. 

Criteria used to determine cure included the following: confirma- 
tion of the histologic diagnosis of the initial tumor biopsy specimen, 
postoperative findings of long-term basal eugastrinemia with normal 
(nonparadoxical) secretin stimulation test results, and radiologic, 
surgical, and/or autopsy demonstration of the absence of persistent or 
recurrent gastrinoma. 

Follow-up of the other six patients with apparent regression de- 
scribed in the literature was achieved through personal communica- 
tion with the physicians and/or patients or by review of subsequent 
reports in the literature concerning their status. 9/92. 


RESULTS 


Long-term follow-up results and other important clinical 
and laboratory data on the patients are summarized in Tables 
1 and 2. Careful reexamination of the resected surgical speci- 
mens (two from total gastrectomy, one from antrectomy, and 
one from pancreatoduodenectomy) revealed oceult submuco- 
sal duodenal microgastrinomas in four of our patients (pa- 
tients 6 through 9) from whom they had been serendipitously 
excised. The mean size of these occult duodenal gastrinomas 
was 3.0mm, and these were all located in the submucosa of the 
proximal duodenum within 1.5 em of the pylorus. These four 
patients remained eugastrinemic, with a mean survival of 8 
years. 

The total gastrectomy specimens of patients 1 through 3, 
who were operated on 15 to 20 years ago, are no longer 
available for restudy. These three patients also remained 
eugastrinemic, with normal secretin stimulation test results 
and a mean survival of 19 years. The other two patients 
(patients 4 and 5) from the original reports had ZES as part of 
the MEA 1 syndrome.” Following total gastrectomy, their 
biopsy-proved hepatic metastases (and pulmonary metasta- 
ses in one patient) disappeared radiologically, and this disap- 
pearance was confirmed by biopsy at reexploration. 

Patient 4 became eugastrinemic after a secondary excision 
of radiologically demonstrable duodenal lesions, and patient 5 
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Table 1.— Clinical Characteristics of Nine Patients Initially Considered to Have Undergone Regression* 


- Preop- Postop- 











: erative erative Reopera- 
|. SG Preop-  Preop- SG Postop-  tion,y Evidence Occult 
Sex/ Determi- erative erative Determi- erative After of Primary 










- Patient Age, nation, SST MEA 1 Opera- nation, SST initial Regres- Gastri- Size, Sur 
Ne y -> ng/l Results Syndrome Site tion ng/L Results Operation sion noma mm 









«SG indicates serum gastrin; ND, not done; SST, secretin stimulation test; plus sign, positive or present; MEA 1, multiple endocrine adenopathy type i; minus. 
. sign, negative or absent; LN, lymph node; L, liver; TG, total gastrectomy; PD, pancreatoduodenectomy; VA, vagotomy, antrectomy; N, negative results of second- 
look operation; T, tumor present; P, pancreas; PLN, paraduodenal lymph node metastases; E, eugastrinemia; R, radiographic disappearance of metastases; NA, 
surgical specimen no longer available for restudy; DWG, duodenal-wall gastrinoma; M, multiple DWGs; A, alive; D, death not tumor related; TRO, tumor-related. 
death; and H, hypergastrinemia. 


+Emergency operation. 









Table 2.—Clinicai Characteristics of Six Other Patients Reported in the Literature* 


Preop- Postop- 
erative erative Reopera- 
SG Preop- SG Postop-  tion,y Evidence Occult 
Sex/ Determi- erative Determi- erative After of Primary 
Age, nation, MEA 1 Opera- nation, SST Initial Regres- Gastri- Survival, 
ng/L Syndrome Site tion ng/L Results Operation sion noma y 
10  Morowitz and Levine, ® F/71 1800 — LN,P TG 36 ~ ND R 9 DE 
1986 
i411 Passaro and Gordon,” M/36 NA + LN TG 70 ~- ND E NA 24 AH 
| 3974 (DWG?) u 
12  Davisetal^1962; M15 8200 — LN, TG 1400 + N, 14 N - 32 AH 
Davis and Vansant, P L 


1979 
Ferguson, (Cited by — F/55 
Morowitz and 
Levine, 1986) 
Oglesby et al? 1964 M/9 
Rosenlund etal,” None NA 
1969 


*SG indicates serum gastrin; NA, surgical specimen no longer available for restudy; MEA 1, multiple endocrine adenopathy type 1; minus sign, negative results 
or absent; plus sign, positive results or present; LN, lymph node; P, pancreas; L, liver; TG, total gastrectomy; H, hypergastrinemia; SST, secretin stimulation test; 
ND, not done; N, negative results of second-look operation; R, radiographic disappearance of metastases; E, eugastrinemia; S, shrinkage of tumor; C. clinical 
remission only; DWG, duodenal-wall gastrinoma; D, death not tumor-related; and A, alive. 


had a 2-mm, duodenal-wall gastrinoma excised as part of the after total gastrectomy with excision of a large mass of nodal 

total gastrectomy specimen. Although serum gastrin concen- | metastases. " This patient had MEA 1 syndrome, and 20 years 

trations decreased to normal levels in both patients, recur- after gastrectomy had recurrent hypergastrinemia (gastrin 

rent hypergastrinemia eventually heralded the development level, 700 ng/L), probably representing the development of a 

of new gastrinomas and other peptide-secreting tumors char- new gastrinoma within the known MEA 1 complex. It is quite 

acteristic ofthe multicentricity seen in patients withthe MEA possible that an occult duodenal-wall gastrinoma was un- 

1 syndrome. The patients liver and lung metastases had not knowingly excised with the total gastrectomy to account for 

recurred by the times of their deaths, which were due to new, the postoperative eugastrinemia. The surgical specimen is no 

| | Patient 6 also had ZES as part of longer available for restudy (Edward Passaro, Jr, MD, writ- 
the MEA 1 syndrome; after 10 years of postoperative eugas- ten communication, March 16, 1990). 

trinemia, she had a mildly elevated serum gastrin concentra- Two additional patients (patients 12 and 13) are included in 

positive secretin stimulation test results. Table 2 because they exhibited remarkable and unaccount- 

-up results and other important clinical able disappearances (patient 12) or “shrinkage” (patient 13) of 

and laboratory data on the other six patients described inthe | known biopsy-proved metastatic gastrinomas on reexplora- 

literature to have exhibited variants of regression are sum- tion after total gastrectomy.*^? However, neither patient 

| ble 2. Patient 10 remained eugastrinemic and = became eugastrinemic after a 20-year or longer period of 

puted tomographic evidence of the disappear- further follow-up (John H. Vansant, MD, written eommunica- 

iopsy-proved tumor (of the pancreas, lymph nodes, tion, March 23, 1990, and Donald J. Ferguson, MD, written 

til she died of pulmonary embolism." Patient 11 communication, March 10, 1990). Similarly, patients 14 and 15 

ras did not become eugastrinemic after total gastrectomy. sie 
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COMMENT 


The postulate that a “gastric trophic factor” or an abnormal 
secretin feedback mechanism may play a role in the pathogen- 
esis of ZES was predicated in particular on the original obser- 
vations o? four patients who demonstrated remarkable and 
otherwise unexplainable resolutions of tumor following total 
gastrectomy. Two of these patients (patients 1 and 2) had 
gastrinomas of the sporadic type and demonstrated eugas- 
trinemia after total gastrectomy with excision of paraduo- 
denallymph node metastases. Second-look operations 4 years 
after the original surgery revealed no evidence of persistent 
tumor, either primary or metastatic. We assumed at that time 
that the unresected primary lesions had "regressed" to ac- 
count for the continued postoperative eugastrinemia. 

The discovery of occult duodenal-wall gastrinomas in four 
patients (patients 6 through 9) focused attention on the sub- 
mucosal loeation of these very small or microscopic lesions 
similar to those described initially by Oberhelman" and Wei- 
chert et al." The revelation that microgastrinomas 1 to 5 mm 
in size could be hidden in the submueosa, underlying normal 
but often edematous and ulcerated duodenal mucosa, and 
excised serendipitously as part of the surgical resection speci- 
men, provided a possible explanation for the eugastrinemia 
observed after total gastrectomy with excision of nodal me- 
tastases. 

The occult nature of ducdenal-wall microgastrinomas ren- 
ders them difficult to detect endoscopically and even oper- 
atively; special awareness and recognition of them by the 
surgeon (via duodenotomy) or the pathologist (by careful 
sectioning) are required for their detection. The postopera- 
tive courses and findings in three patients (patients 1 through 
3) with sporadic gastrinomas were strikingly similar to those 
in other patients with known duodenal-wall gastrinomas who 
were purposefully treated surgically by local excision or by 
antroduodeneetomy, total gastrectomy, or pancreaticoduo- 
denectomy. *"*? Duodenal-wall gastrinomas appear histologi- 
cally as submucosal carcinoid tumors and may be neural in 
origin. ^? They contain amines and peptides and secrete gas- 
trin, probably as a peptidergic neurctransmitter 

Among other patients described in the literature who were 
purportec to have exhibited variants of regression, only two 
became eugastrinemic after total gastrectomy. Therefore, 
the remainder did not undergo regression, but at best exhib- 
ited temperary clinical remissions. Also described in the liter- 
ature are two patients with sporadic tumors who demon- 
strated unusual clinical remissions after spontaneous end- 
organ failure with achlorhydria,"" and one patient after un- 
dergoing nodal biopsy only.’ These patients did not undergo 
total gastrectomy and were therefore excluded. Also exclud- 
ed were patients who apparently underwent curative exci- 
sions of isolated pancreatic gastrinomas without needing to 
undergo gastroduodenal operations. *' 

. . À number of growth (trophic) factors have been identified 

in the last 20 years, but none in the stomach have come to the 
fore that have an action on gastrinoma cells. The most logical 
. candidate has been the peptide secretin, which has normal 
< physiologic actions that are antithetical to gastrin as well as 
an abnormal (paradoxical) stimulatory aetion in patients with 
gastrinomas. There is, however, no documented evidence, to 
our knowledge, that abnormal intrinsic secretin secretion 
.. piays a role in possible tumor regression after total gastrecto- 
. . itis now clear that most apparent regressions formerly 
.. believed to represent the disappearance of retained primary 
^. or metastatic tumor after total gastrectomy may have been 


~~ due to the serendipitous excision of occult duodenal-wall gas- 


- trinomas. These tumors are often feund by the surgical pa- 
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tho-ogist and are very small gastrinomas or microgastrino- 
mas in the submucosa of the duodenal portion of the total 
gastrectomy specimen; they are sometimes found by the sur- 
geon who is aware of the possibility of their occult location and 
size. The postoperative eugastrinemia that follows their exci- 
siom in the sporadic cases of ZES is usually permanent. In 
patents who have ZES as part of the MEA 1 syndrome, the 
eugastrinemia may occur for the same reason, but it is tempo- 
rary, although long-standing, before the development of new 
gascrinomas typical of the multiplicity inherent in the genetic 
MEA 1 syndrome. 

The rare disappearance of proved metastatic involvement 
of tae liver and lungs, usually in patients with MEA 1, is still 
unaccountable and may be considered an example of “sponta- 
neous” remission. The mechanism involving a trophic factor, 
suc? as secretin, is highly unlikely as an explanation for the 
regression of metastatic gastrinomas. The possible neural 
origin of submucosal duodenal-wall gastrinomas affords a 
newer concept of a neuroendocrine pathogenesis of gastrino- 
mas. "^ The surgical excision of these occult lesions provides a 
plausible reason for the apparent regression of primary gas- 
trinomas and eugastrinemia that may follow total 
gaszrectomy. 


We appreciate the cooperation of the surgeons who were involved in the 
follow-up of the other six patients described in the literature. 
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Safety 





Performed by Residents 


Abraham Shaked, MD, PhD; Ilan Calderom, MD; Arie Durst, MD 


e The outceme of surgical procedures on the gallbladder per- 
formed by surgical residents in & university hospital was com- 
pared with the outcome of those performed by the attending staff. 
More than 60% of the operations (643/1084) were done by resi- 
dents under t^e direct supervision of the attending surgeon. We 
found no differences in the rate of technical complications, post- 
operative morbidity and mortality, or length of hospitalization 
between the two groups. Thus, resident surgery under appropri- 
ate guidance is safe and does not compromise the quality of 
patient care or operative outcome. 

- (Arch Surg. 1991;126:559-660) 


Ihe sety of surgical procedures performed by residents 
-Å in teaching hospitals has been the subject of extensive 
publie and media discussions. Recently we observed a trend of 
referrals of surgical patients directly to the offices of the 
attending surgeons, with a substantial decrease in the num- 
ber of patierts who are being treated in the general surgery 
clinic of our university hospital. This may reflect a belief that 
surgical procedures and patient care performed by residents 
in a teaching program could compromise the patient's out- 
come. A possible result is a decrease in the exposure and 
involvement of the resident in the care of these patients and a 
signifieant impact on the quality of surgical training. We 
addressed this issue by comparing the outcome of surgical 
procedures en the gallbladder and biliary tree performed by 
attending surgeons in our service with the outcome of those 
done by residents under the supervision of the attending 
staff. x 


PATIENTS AND METHODS 


We retrospectively studied records of 1084 consecutive patients - 


undergoing surgical treatment for gallstones in Hadassah University 

Hospital, Jerusalem, Israel, between 1972 and 1982. Elective and 

emergency cases were included; however, cases involving other ma- 

jor abdomina! operations or trauma were excluded. 

The patients were divided into two groups. Group 1 patients were 
diagnosed and subsequently operated on by an attending surgeon 


-T Accepted for publication October 14, 1990. | 
. .From the Department of Surgery, Hadassah-Hebrew University Medical 
E Cere Jerusalem, Israel. Dr Shaked is now with the Department of Surgery, 
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of Surgical Procedures 








with a resident as first assistant. Group 2 patients were initially seen ^ : 
and assessed by the residents, were examined before surgery byan — 


attending surgeon, and were operated on by a resident surgeon at the 


level of postgraduate year 2 to 5 under the direct supervision ofan | : : cm 


attending surgeon or a chief resident. 
RESULTS 


The factors considered to influence the surgical result are — 
described in Table 1. Statistical analysis (Student's t test, x — 


test) showed a similar male-female ratio in the two groups. — 


The mean age of the patients in group 1 was signifieandy - : 
higher than that in group 2 (P<.002). E 
The presence of systemic diseases that may contribute to — 


postoperative complications, such as diabetes mellitus, Fy- 


pertension, and ischemic heart disease, were found in the 
same frequencies in both groups. The number of operaticns .— 
performed within the first 24 hours of admission for acute. 
disease (based on clinical and pathologie reports) was signifi- 
cantly higher in group 2 (P«.05). 

Of the 1084 patients whose records were reviewed, 824 


patients underwent cholecystectomy only and 25 patients - D 
underwent cholecystostomy. The remaining patients had. in. — 


addition, an exploration of the common bile duct with repair 


over a T tube (177 patients) or reconstruction of biliary enteric o oo 


bypass (58 patients). The distribution of various types of 
operative procedures was found to be similar in both groups. 
The analysis of postoperative complications was restricted 
to the period immediately after the operation until discharge. _ 
Complications can be divided into three subgroups (Table 2): . 
technical complications related to the biliary tract, intra- - 
abdominal and wound infections, and cardiopulmonary cem- . 
plications. There was no statistical difference between reat- . 
ed subgroups and the overall complication rate or morbidity. . 
The mean length of hospitalization after surgery was 6.7 days - 
in group 1 and 6.5 days in group 2. 


COMMENT 


Despite the high quality of patient care at teaching hospi- - 
tals, we have witnessed an increase in the number of patients . 
seeking the personal care of an attending surgeon. This ten- 
dency may reflect the patient's concern about the safety of | 
surgical procedures being performed by a resident surgecn.  . 

Review of our results in a common intra-abdominal prece- 
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.. Table 1.—Factors influencing Surgical Results 






Group 2 


Group 1 
(Attending Surgeon) (Resident) 





Group characteristics 






















No. of patients | 44t 643 

Mean age, y $1.5 47.8* 

% female 66 . 68 
Risk factors, No. of patients 

ischemic heart disease 6c 74 

D'abetes mellitus | 4g 51 

Hypertension 5e 70 





Timing of surgery, No. (96) 
Elective 


Emergency 
*P«.002. 


274 (43)* 
369 (&7)* 








186 (42) 






No. 
GUT Pm m ii 
Group 1 Group 2 
(Attendinc Surgeon) (Resident) 
No. cf patients 
Biliary system 
Bile leak 
Residuai stone* 


infections 
Wounc 


intra-abdominal 


Cardiopulmonary 
Myocardial infarction 


*The presence of stones in the bile ducte was demonstrated in a routine 
T-tube cholangiogram done on the 7th posteperative day after common bile 
duct exploration. All of the stones were removed by the radiologist via the 
T-tube. 


dure, biliary tract surgery, showed that more than 60% of the 
operations were performed by a resident surgeon. Despite a 
few dissimilarities between this group of patients and those 
operated on by an attending surgeon, it is our impression that 
they can still stand a statistical analysis. The higher mean age 
-of patients in group 1, which is associated with increased 
morbidity and mortality,’ tends to be compensated by the 
higher number of patients in group 2 who were operated on 
. during an acute stage of the disease, a factor that leads to a 
.. higher ratio of postoperative complications.’ Otherwise, both 
- groups had similar characteristics, including the presenee of 
_ other systemic diseases amd the various types of surgical 
... procedures performed in each group. Our findings that there 
were no differences in the rate of technical complication relat- 
ed to the handling of the biliary tract during surgery, the 
ineidenee of intra-abdominal and weund infections, and mor- 
tality indicate that the patients operated on by the resident 
under direct supervision ofthe attending surgeon do as well 
as those operated on by the attending surgeon. Moreover, 
since the average duration of hospitalization was similar in 
both groups, it is justified to conclude that resident surgery 
per se is nct an economic burden on public health expenses. A 
limited number of studies addressing this issue are in agree- 
ment with our findings.** | 
_ We conclude that operations performed by a resident under 


appropriate supervision ina teaching hospital are safe, do not 
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coripromise the quality of the patients’ care, and have no 
impact on the patients’ outcome. 
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Invited Commentary 


Dr Shaked and coauthors present a retrospective analysis of 
patients undergoing biliary tract operations performed by 
attending surgeons compared with operations performed by 
surgery residents in postgraduate years 2 to 4. 

The retrospective analysis of such a process makes mean- 
ingful interpretation difficult. The method of patient distribu- 
tion between groups is not well defined, and it is entirely 
possible that the attending surgeons handled more difficult 
cases (or vice versa) To distribute randomly, with informed 
consent, patients to be operated on by an attending surgeon or 
£ resident would be difficult but scientifically more valid. As a 
method of compensating for the absence of random distribu- 
tion, the authors identified general risk factors, such as diabe- 
tes and heart disease, and determined that they were similar. 
However, the question being asked relates directly to the 
cperative procedure, and there is no way to know that the 
procedures had comparable degrees of diffieulty in the two 
groups. Others evaluating this question in a similar fashion 
have evaluated operative blood loss or anesthesia time as an 
index of the degree of difficulty as well as a measure of a 
comparable degree of technical skill, and this is information 
taat the authors could have provided. 

I disagree with the conclusions ofthe authors. Common duct 
exploration as performed by residents was associated with a 
greater than twofold increase in the incidence of retained - 
common duct stones. As the number of common duet explora- 
t.ons being performed in each group was not given, it is not 
possible to determine if this value is statistically significant. It 
does represent an impressive difference and suggests that 
common duct explorations were better performed by the at- 
tending surgeons. 

Can resident surgeons in training perform biliary tract op- 
ecations, in a technical manner, comparable with that of an 
experienced surgeon? On an individual basis, perhaps; but, 
collectively, I do not think so. Can residents in training do 
some procedures better than attending surgeons? Certainly, 
residents do many procedures in a technically more proficient 
manner than do attending surgeons, primarily because these 
peocedures become exclusively resident taught and per- 
fcrmed. What must be continuously studied and demonstrated 
by academic surgeons is that patient care involving residents, 
including the operative procedure, is provided in a manner 
associated with outcome results comparable with or better 
than those equated with local-regional-national standards. I 
də not believe that trying to demonstrate that residents can 
perform operations as well as attending surgeons serves any 
useful purpose. 


DONALD L. KAMINSKI, MD 
St Louis, Mo 
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Does Selective Decontamination 


of the 





Multiple Organ Failure? 


An Experimental Study 


Gastrointestinal Tract Prevent 


i R. Jan A. Goris, MD; Ignas P. T. var: Bebber, MD; Roland M. H. Mollen, MD; Johan P, Koopman, PhD 


<. e Gutbacteria have been incriminated as causing or contribut- 
ing to genera ized sepsis with multiple organ failure in severely ili 
: patients, and selective decontamination of the gastrointestinal 
tract of Enterobacteriaceae has been claimed to decrease septic 












zymosan and randomized into contro! or treatment groups (tri- 

 methoprim or streptomycin sulfate). Selective decontamination 

effectively prevented bacterial translocation of Enterobacteria- 

- cese. However, only early mortality was decreased, and only so 

[n the streptomycin-treated rats. Selective decontamination did 

“not result in a significantly better condition of the surviving 
animals on day 12 


12. 
(Arch Surg. 1991:1 26:561-565) 
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- eal ventilation, or hospital stay. In most studies, the amoant 


situations leading to MOF and sepsis, as in severe burns in —— 
hemorrhagic shock? and in endotoxin administration, ^ gut 
bacteria, especially Enterobaeteriaceae, have been demone 
strated to translocate to the peritoneal cavity, mesenteric |—— 
lymph nodes (MLNs), liver, and spleen, finally causing septi- 
cemia. Translocation of intestinal bacteria has also beenden . 
onstrated into intra-abdominal abscesses.” The gut therefere 
has been called the motor of MOF.’ ete 
Prevention of the gut-origin sepsis’ may consist of elimirat- 
ing the Enterobacteriaceae from the gastrointestinal tract,’ 
for instance, by selective elimination of the aerobic flora, 
being careful not to induce colonization by other pathogens." 
To date, nine clinical studies have evaluated the efficacy of —— — 
selective decontamination (SD) of the gastrointestinal trac: to E 
prevent septie complications and septic death in patients in _ v 
ICUs.*? All nine studies have shown a highly significant | 
decrease of nosocomial infections in the SD-treated patierts, p 
but no difference was found in duration of ICU stay, mechani- 





















of therapeutic antibiotics admi istered in the SD-treated 
group was similar to that in the control group. In two studies, 
a decreased mortality rate was found. MEM 
Although SD is used on a large scale in Dutch patients in 
ICUs, we are not aware of a single study of its merits in a 
septic animal model. The present study was performec to 
evaluate the efficacy of SD to prevent “sepsis” and MOF ma 
rat model of sterile peritonitis induced by zymosan. ? This. 
model was extensively validated by others as a suitable móc 
of MOF." Two regimens of SD effectively prevented bacteri 
translocation of Enterobacteriaceae. In one of two SD re 
mens this treatment resulted in a significantly lower e 
mortality rate and a higher number of 12-day survivors, b 
12-day survivors were as “septic” as untreated controls. . 
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Experiment A 
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Experiment B 





Cumulative survival in experiments A (trimethoprim; broken line indicates intraperitoneal zymosan in 12 rats, and solid line, 


intraperitoneal zymosan and oral trimethoprim in 14 rats) and B (streptomycin; broken line indicates intraperitoneal 
zymosan in 26 rats, and solid line, intraperitoneal zymosan and oral streptomycin in 26 rats) compared with controls. 


Surviving rats were killed at day 12. 


MATERIALS AND METHODS 


Zymosan (2.5 g; Z 4250, Sigma Chemicals, St Louis, Mo) was 
suspended by high-frequency vibration in 100 mL of liquid paraffin. 
The suspension was sterilized by incubation in a waterbath at 100°C 
for 80 minutes. Sterility was ehecked by incubation on blood agar 
plates for 2 days at 37°C. Before utilization, the zymosan suspension 
was warmed to 40°C and vibrated at high frequency for 15 minutes, 

Seventy-eight male Wistar rats (weight, 200 to 300 g) were ran- 
domly assigned to treatment and control groups. The animals were 
housed individually in metabolic cages and adapted to handling for 5 
days prior to the actual experiment. All rats had free access to water 
acidified with hydrochloric acid to pH3 and standard rat laboratory 
food (RMH-GS pellets, Hope Farms, Woerden, the Netherlands, 
irradiated at 1x 10* Gy). All rats received 2.5 mL of intragastric 
water daily. In the treatment groups the selected antibiotics were 
added to this water. 


Experimental Design 


On day 0 all rats were lightly anesthetized with ether and received 
an aseptic intraperitoneal injection of zymosan suspended in paraffin 
(100 mg of zymosan in 4 mL of paraffin per 100 g of body weight). In all 
rats. daily measurements were made of biological variables, such as 
respiratory rate, body temperature, and body weight. Clinical eondi- 
tion; loss of hemorrhagic fluid from the nose, conjunctivae, and 
mouth; and loss of liquid stools were monitored. Daily rectal contents 
were cultured aerobically for Enterobacteriaceae (Levine EMB, E. 
Merck BV, Amsterdam, the Netherlands). 

On day 12, all surviving rats were given mild anesthesia with ether 
and were bled by heart puncture, which yielded 5 mL of blood that 
was used for leukocyte count, differential cell count, and thrombocyte 
count and measurement of alkaline phosphatase, alanine aminotrans- 
ferase, uric acid, and lactate levels. Peritoneal fluid, rectal contents, 
MLNs, and blood were cultured aerobically for Enterobacteriaceae. 
Peritoneal fluid and blood were also cultured for unspecific baeteria 
(sheep agar). All samples were inoculated for 1 day at 37°C. Anaero- 
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bic cultures of peritoneal fluid and blood were also cultured anaerobi- 
cally, with cultures being incubated for 5 days at 37°C. 

The kidneys, liver, spleen, and lungs were removed and weighed. 
Relative organ weights were calculated as percentages with the 
following formula: 


(Organ Weight/Body Weight) x 100 


After fixation with 4% formaldehyde (by intratracheal infusion of 
formaldehyde at a pressure of 30 cm of water), microscopic sections of 
thes? organs were prepared for staining with hematoxylin-eosin. 

Rats intercurrently dying before day 12 were examined like the 12- 
day survivors except for the blood biochemistry analyses. No anaero- 
bic cultures were performed in them, as postmortem anaerobic over- 
growth was expected. 


Antibiotic Treatment 


Trimethoprim was used in the dosage described by Koopman et 
al," resulting in the elimination of Enterobacteriaceae from the 
gastrointestinal tract. The administration of the antibiotics was con- 
tinued throughout the experimental period because, as seen in an 
earlier study, ^ recolonization with Enterobacteriaceae occurred af- 
ter treatment was stopped. Trimethoprim leaves the rest of the 
bacterial flora relatively unaffected, which is important because colo- 
nization resistance against pathogenic mieroorganisms depends on 
the presence of a normal microflora. Streptomycin was used based on 
earlier results." The influence of streptomycin compared with tri- 
methoprim on the normal intestinal ecology is important.” Strepto- 
mycin thus is less suitable for SD because, except for Enterobacteria- 
ceae it eliminates an essential part of the other intestinal flora. 

In experiment A, 26 rats were randomized into 12 control and 14 
SD-treated rats. Rats that underwent SD were given 2.5 mL of 
intragastric trimethoprim solution (20 g/L) twice daily during the 5 
days preceding the experiment and once daily from days 0 to 12 of the 
experiment. The control group received the same amount of intragas- 
tric water. 

In experiment B, 52 rats were randomly assigned to serve as 
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Table 1.-- Survival Rates and Positive Bacterial Cultures for Enterobacteriaceae* 





Experiment A 
| (trimethoprim) 
|, Total No. of rats 12 
Early mortality (<50) 5 
Late morality — 
12-day survivors 
(streptomycin) 











^10 @:8AFG) 72 (0) 


2 (3: 3A, D) 


*Figures represent numbers of rats. Figures in parentheses represent positive cultures for 


0 (3A) 


18 (P«.01) 0 (2A) 


other microorganisms. SD indicates selective decontamination 





- mesenteric lymph nodes; A, streptococci; B, Pseudomonas; C, Gram-nagative rods; D, Gram-positive rods; E, Flavobacterium meningosepticum; F, Pasteurella 


pneumotropica; &, Bacillus spp; and H, staphylococci. 
. TStreptomycir-resistant Enterobacteriaceae. 


Normal 


Day 12 Values 


Respiratory rate, breaths per minute 















~ Body weight, g 
-RW lung - 
- RW kidney 


0.45 +0.01 
0.66 +0.02 
3.77 20.21 
0.16+0,01 
819+39 









RW spleen 7 


Thrombocytes, x 10*/L 
Leukocytes, x 10"/L 
Polymorphanuclear leukocytes 








Alkaline phosphatase, UA. 64 2 
Uric acid, ramoVt. 


Lactate, mov. 





P305. 
$P=.01. 








ontrols or ve SD. Rats treated with SD were given 2.5 mL of 
intragastric streptomycin solution (25 g/L) twice daily during the 5 
days precedi 

the control greup receiving the same amount of intragastric water. 


In each experimental series (A and B), control and SD-treated rats 


were handled exactly alike, at the same time, and in the same space. 
| Statistics 


= Statistical analysis was performed with the Kruskal-Wallis test v 
and Wileoxon& two-sample test. Differences between groups were . 


significant at P«.05. 
| RESULTS 


M i Fecal cultares in the trimethoprim group remained consis- 
^ tently free of Enterobacteriaceae throughout the experi- 


i» ment. In the streptomycin-treated group, the feces of all rats . 





Table 2. — Results of Biological Measurements, Organ Weights, and Blood Analysis at Day 12* 
Experiment A 
Controls 
(n=5) 
153.2 + 28.4 


254.2+17.3 
1.23+0.44 
0.52 x 0.22 
4.40: 0.75 
0.27 + 0.07 


79+ 16 
— 19010 
l uM 5.41.0 
"RW indicates relative organ weight [(organ weight x 100)/body weight], and ALT, alanine aminotransferase. Values are means + SDs. 





he experiment and once daily from days 0 to 12, with. 








Experiment 3 


ennemi rmm mem, 


Controls Streptomycin 
(nz 6) (n= 18) 


137.3x31.2 133.7 + 26.6 


Trimethoprim 
(n7 7) 
153.5 + 24.4 










247.2 + 24.7 
0.91 0.50 
441 x 0.03 


255.6 17.9 
0.89 +0.24 
0.54 +0.22 


0.99 +0.46 
0.45 + 0.06 







0.27 +0.07 
{639 + 310T 
1053.5 


0.24 + 0.08 
1236 = 190 


0.24+0.06 
1113 131 


44.1 +13.7 
119+ 16¢ 
110+30 
5.9+0.2 


41.5. 8.2t 
117 € 48 
10020 
4.62:0.8 





214 +273 
90 +30 
5.1+0.6 





were free of Enterobacteriaceae at day 0, but recolonization 
occurred subsequently in 13 rats. This recolonization was 
with streptomycin-resistant Enterobacteriaceae and oc- 
curred only after streptomycin had been administered during - 
the 6 weeks in the experimen:al area. Recolonization did not — 
seem to influence the clinical condition of these rats as the 
conditions of 12-day recolonized survivors were similar to 
those of Enterobacteriaceae-free 12-day survivors. 


Survival results are shown in the Figure. In the conzrol E 


groups, early mortality was 42% in expet iment A and 65% in - 
experiment B. Bacterial translocation of Enterobacteriaceae . 
to the peritoneum and/or MLNs was found in the majority — 
(experiment A, five of five; experiment B, 12 of 17) of these 
early deaths. While early mortality was similar between the . 
control and trimethoprim groups (five vs five; not significant), 
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MEN, 0 





















dt was significantly lower in the stre ptomycin-treated rats 
than in controls (four vs 17; P«.01) In the trimethoprim 
group, there was no significant difference in the number of 12- 
day survivors between SD-treated and control rats. In the 
Streptomycin-treated group, a significantly higher number of 
rats was alive at day 12 (18 vs six; P«.01). However, in both 
experimental series, SD-treated survivors were clinieallv as 
ill as untreated controls. This is demonstrated by the absence 
of any significant improvement of SD-treated rats vs controls 
in weight loss, respiratory rate, body temperature, serum 
lactate levels, and relative organ weights (Table 1). The only 
exception was a significantly higher alkaline phosphatase 
levelin greup A SD-treated rats compared with controls. The 
morphologie features of the organs examined were not differ- 
ent between SD-treated and control ratstdata not shown). 

The bactericlogic data are shown in Table 2. Interestingly, 
in no instance could bacterial transloeation of Enterobacteria- 
ceae be demonstrated in the early deaths of SD-treated rats, 
except for three positive cultures of MLN, one in an early 
death and one in a late death of both groups A and B. In both 
rats of grcup B, Enterobacteriaceae were found in the feces. 
In four trimethoprim-treated rats (ene early death) and six 
streptomycin-treated rats (three early deaths), bacterial 
translocation of microorganisms other than Enterobacteria- 
ceae was found. Blood cultures (aerobic and anaerobie) 
showed ne growth, except for those of two streptomyein- 
treated rats: culture of one dying at day 2 yielded streptecocci 
and Pseudomonas, and culture of snother dying at day 12 
yieided staphylococci. 





COMMENT 


The present study confirms that severe local inflammation, 
eg, zymosan peritonitis, may induce bacterial translocation, 
preferentially of Enterobacteriaceae, to the peritoneal cavity 
and MLNs. Selective decontamination was found highly ef- 
fective in preventing this bacterial translocation of Entero- 
bacteriaceae, although in the streptomycin-treated group, 
emergence of resistant strains was found in 13 rats. 

Selective decontamination of Enterobacteriaceae may ac- 
count for the significant deerease of early mortality found in 
the streptomycin group. However, compared with contrels, 
no difference in early or late mortality was found in the 
trimethoprim group. Also, recolonization with streptomycin- 
resistant Enterobacteriaceae in the feces did not seem to 
negatively influence the clinical course. Only two positive 
bloed cultures were found in all experimental animals cul- 
tured, and both were in streptomyein-treated rats and in- 
volved microorganisms other than Enterobacteriaceae. 

The dosage of trimethoprim used in this experiment was 
similar to the dosage recommended by Toorop-Bouma and 
van der Waaij^; the dosage of streptomycin was similar to 
that used by Wells et al.” 
i5 In 1972, Cuevas and Fine’ experimentally demonstrated 
- that kanamycin sulfate injected direetly into the intestine 

_ prior to the onset of bacterial peritonitis reduced the endotex- 
in titers in blood to 0 or near 0, and in the peritoneal fluid, to 
less than half that in the untreated rabbits, reducing the 








mortality rate to 50%. In the present study, no endotoxin 
levels were measured, because zymosan in itself may induce 
positive limulus test results.“ However, at day 12, clinical, 
morphological, and organ weight data were not significantly 
different between SD-treated and control rats. 

The same observation was made in similar experiments in 
germfree rats in which early mortality after intraperitoneal 
zymosan administration was significantly lower but late ill- 
ness was similar to that in conventional controls. These data 
indicate that the early mortality in this rat model may largely 
be attributed to a severe generalized inflammatory reaction 
inclading extensive bacterial translocation in conventional 
rats. In rats surviving the first days, however, a different 
type of illness develops after 1 week that seems to be indepen- 
dent of bacterial translocation. 

It has been demonstrated that inflammatory stimuli are 
able to sensitize polymorphonuclear neutrophils and macro- 
phages to subsequent very low doses of endotoxin.” In this 
mocel, intraperitoneal zymosan thus may activate macro- 
phages, making them responsive to small amounts of endo- 
toxin from the gut. It has been suggested by others that even 
in the germfree rat experiment," tiny amounts of endotoxin 
present in the standard germfree laboratory food may result 
in late MOF. However, as no significant differences were 
found between SD-treated and control rats, such a mecha- 
nism would be independent of the amount of endotoxin pre- 
sent. It is highly unlikely that (the severity of) MOF would be 
independent of the amount of endotoxin present, if endotoxin 
is its cause. 

In the present experiment, SD was started 5 days prior to 
the inoculation of intraperitoneal zymosan. In the clinical 
setting, however, SD would only be started at the time the 
patient is admitted with severe peritonitis, severe trauma, or 
acute respiratory distress syndrome. This, together with the 
concurrent paralysis of the gastrointestinal tract, would de- 
lay the therapeutic advantage of SD. 

Ir our view, MOF and sepsis are the result of a severe 
generalized autoinflammatory reaction to massive stimuli 
such as major trauma and bacterial or nonbacterial peritoni- 
tis, in which essentially activated macrophages play a domi- 
nant role, not bacteria or endotoxins. The present animal 
model of MOF and sepsis induced by intraperitoneal inocula- 
tion of zymosan results in the same triphasic illness as in other 
models of chronic bacterial sepsis in rats.5* The same illness 
could also be induced by sterile inoculation of zymosan in the 
peritoneal cavity of germfree rats," Interestingly, the early 
mortality in germfree rats was similar to that in the strepto- 
mycin-treated group, while late illness at day 12 was similar in 
germfree rats and conventional rats with and without SD. 
These findings are in agreement with our hypothesis that 
sepsis with MOF is the result of a severe generalized autoin- 
flammatory response. However, it is possible that other dos- 
ages or other antibiotic regimens for SD may produce more 
favorable results. 


Wethank W. Lemmens, MSc, Department of Medical Statistics, for critical 
advice. R. van Dalen, MD, reviewed the article. 


References 


3 1. Cuevas E, Fine J. Role of intraintestinal endotoxin in death from periteni- 
(o tis. Surg Gynecol Obstet. 1972;134:953-957. 
5,  £& Maejima K, Deitch EA, Berg R. Promotion by burn stress of the translo- 
:  eation of bacteria from the gastrointestinal tracts of mice. Arch Surg. 
1984:119:166-172. 

3. Deitch EA, Berg E, Specian K, Endotoxin promotes the translocation of 
. bacteria from the gut. Arch Surg. 1987,122:185-189. 
2... 4 Deitch EA, Baker T, Berg R, Ma L. Hemorrhagic shock promotes the 
"> © systemie translocation of bacteria frem the gut. J Trauma. 1987,27:815. 


: . 864 Arch Surg— Vol 128, May 1991 


5. Wells CL, Rotstein OD, Pruett TL, Simmons RL. Intestinal bacteria 
transiocate into experimental intra-abdominal abscesses. Arch Surg. 
1986; 121:102-107. 

6. Meakins JL, Marshall JC. The gastrointestinal tract: the ‘motor’ of MOF. 
Arch Surg. 1986:121:197-201. 

T. Border JR, Hassett J, LaDuca J, et al. Gut origin septie states in blunt 
multiple trauma (ISS = 40) ir the ICU. Ann Surg. 1987:206:427-448, 

8. Vander Waaij D, Berghuis-de Vries JM. Selective elimination of Entero- 
bacteriaceae species from the digestive tract in mice and monkeys. J Hyg. 


Selective Decontamination — Goris et al 








QTA72:205-211. 48, Goris RJA, Boekholtz WKF, van Bebber IPT, Nuytinck JKS, Schillings 
9. Stoutenbeek ChP, van Saene KHF, Miranda DR, Zandstra DF, Binnen- PHM. Multiple-organ failure and sepsis without bacteria. Arch Suny. 

















- dijk B. The prevertion of superinfection in multiple trauma patients. J Anteni- 1986;121:897-901. 
- crob Chemother, 1984;14:203-211. 19. Steinberg S, Flynn W, Kelley, et al. Development o? a baeteria-indepen- 
-— 10. Stoutenbeek ChP, van Saene KHF, Miranda DR, Zandstra DF, Lang- dent model of the multiple organ failure syndrome. Arch Surg. 1989;124:1390- 
` rehr D. The effect of oropharyngeal decontamination using topical nonabsorb- 1395. 
© able antibiotics om the incidence of nosocomial respiratory tract infections in 20. Koopman JP, Kennis HM, Stadhouders AM, et al. Selective elimination 
. multiple trauma patients. J Trauma. 1987:21:351-364. of Enterobacteriaceae from the digestive tract in rats with: trimethoprim. Z 
. HH. Unertl K, Ruckdeschel G, Selbmann HK, et al. Prevention of coloniza- Versuchstierkd. 1985;21:143-144. 
-tion and respiratery infection in long-term ventilated patients by local antimi- 21. Wiegersma N, Jansen G, van der Waay D. Effect of twelve antimicrobial 
` erobial prophylaxis. Intensive Care Med. 1987;13:106-113. drugs on the colonisation resistance of the digestive tract of mice and-on 
©. 12. Kerver AJH, Rommes JH, Mevissen-Verhage EAE, et al. Prevention of endogenous potentially pathogenic bacteria. J Hyg. 1982;38:221-230. 
. colonization and infection in critically ill patients: a prospective randomized 22. Toorop-Bouma AG, van der Waaij D. Trimethoprim used for selective 
- study. Crit Care Med. 1988;16:1087-1093. decontamination of the digestive tract in rats: possible route of excretion. 
13. McA Ledirgham I, Eastaway AT, McKay IC, Aleock SR, McDonald JC, Scand J Infect Dis. 1981,19:361-367. 
Ramsay G. Triple regimen of selective decontamination of the digestive tract, 23. Wells CL, Maddaus MA, Simmons RL. Role of macrophage in the 
systemic cefotaxime, and microbiological surveillance for prevention of ac- translocation of intestinal bacteria. Arch Surg. 1987;122:48-53. 
- quired infection in intensive care. Lancet. 1988;1:785- 790. | 24. Mikami T, Nagase T, Matsumoto T, Suzuki T, Suzuki M. Gelatir of 
14. Aerdts SJA. Prevention of Lower Respiratory Tract Infection in Me- limulus amoebocyte lysate by simple polysaccharides. Mirrotiol Imunol. 
chanically Ventilated Patients. Nijmegen, the Netherlands: University of 1982;26:403-409. mE 
: Nijmegen; 1989. Thesis. 95. Cook JA, Rogers TS, Wise WC, Halushka PV. Reticuloendothelial - 
15. Brun-Buisson Ch, Legrand P, Rauss A, et al. Intestinal decontamination modulating agents. In: LJ Berry, ed. Cellular Biology of Endotoxin. Amser- 
for control of nesocomial multiresistant Gram-negative bacilli. Ann Intern dam, the Netherlands: Elsevier Science Publishers; 1985:303-339. 
Med. 1989;110:873-881. 96. Wichterman KA, Baue AE, Chaudry IH. Sepsis and septic shock: a 
16. Konrad F. Schwalbe B, Heeg K, et al. Kolonisations, Pneumoniefre- review of laboratory models and a proposal. J Surg Res. ¥980;29:189-201. 
quenz und Resistenzentwicklung bei langzeitbeatmeten Intensivpatienter. 21. Oh GR, Mela-Riker LM, Bryant RE, Lowe DK. A new experimental 
unter selektiver Dekontamination des Verdaungstraktes. Anaesthesist. model of chronic high-output sepsis. Cire Shock. 1984;13:99. 
1989;38:99-109. 28. Lang CH, Bagby GJ, Bornside GH, Vial LJ, Spitzer JJ. Sustained 
17. Ulrich C, Harinck-de Weerd JE, Bakker NC, Jak ZK, Doornbos L, de hypermetabolic sepsis in rats: characterization of the model. J Surg Res. 
Ridder VÀ. Seleztive decontamination ofthe digestive tract with norfloxacin in 1983;35:201-210. 
the prevention af ICU-aequired infections: a prospective randomized study. 29. Kirton OC, Jones R, Zapol WM, Reid L. The development of a model of 
Intensive Care Med. 1989,15:424-431. subacute lung injury after intra-abdominal infection. Surgery. 1984:96:284-394, 
In Other AMA Journals 


ARCHIVES OF INTERNAL MEDICINE 
Expanded Clinical Evaluation of Lovastatin (EXCEL) Study Results, I: Efficacy in 
|] Modifying Plasma Lipoproteins and Adverse Event Profile in 8245 Patients With 
| Moderate Hypercholesterolemia 
— Reagan H. Bradford, MD, PhD; Charles L. Shear, DPH; Athanassios N. Chremos, MD; 
Carlos Dujovne, MD; Maria Downton, MS; Frank A. Franklin, MD, PhD; A. Lawrence Gould, PhD; 
Michael Hesney, MS; Jim Higgins, PhD; Dennis P. Hurley, DSe; Alexandra Langendorfer, MS; 
David T. Nash, MD; James L. Pool, MD; Harold Sehnaper, MD 


In the Expanded Clinieal Evaluation of Lovastatin (EXCEL) Study, a multicenter, double-blind, diet- and 
placebo-controlled trial, we evaluated the efficacy and safety of lovastatin in 8245 patients with moderate 
hypercholesterolemia. Patients were randomly assigned to receive placebo or lovastatin at a dosage of 20mg 

.. once daily, 40 mg once daily, 20 mg twice daily, or 40 mg twice daily for 48 weeks. Lovastatin produced 
 gustained, dose-related (P<.001) changes as follows (for dosages of 20 to 80 mg/d): decreased low-density 
lipoprotein-cholesterol level (24% to 40%), increased high-density lipoprotein-cholesterol level (6.6% to 9.5%), 
decreased total cholesterol level (17% to 29%), and decreased triglyceride level (10% to 19%). The National 
- Cholesterol Education Program's low-density lipoprotein-cholesterol level goal of less than 4.14 mmoVL (160 
mg/dL) was achieved by 80% to 96% of patients, while the less than 3.36 mmol/L (130 mg/dL) goal was 
: achieved by 38% to 83% of patients. The difference between lovastatin and placebo in the incidence of clinical 
© adverse experiences requiring discontinuatien was small, ranging from 1.2% at 20 mg twice daily to 1.9% at 
.. 80 mg/d. Suceessive transaminase level elevations greater than three times the upper limit of normal were 
observed in 0.1% of patients receiving placebo and 20 mg/d of lovastatin, increasing to 0.9% in those receiving 
.. 40 mg/d and 1.5% in those receiving 80 mg/d of lovastatin (P«.001 for trend). Myopathy, defined as muscle 
symptoms with a ereatine kinase elevation greater than 10 times the upper limit of normal, was found in only 
one patient (0.1%) receiving 40 mg once daily and four patients (0.296) receiving 80 mg/d of lovastatin. Thus, 
lovastatin, when added after an adequate trial of a prudent diet, is a highly effective and generally well- 
tolerated treatment for patients with moderate hypercholesterolemia (Arch Intern Med. 1991;151:43-491. 
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* À prospective study of choledocholithiasis was performed 
using 110 patients with presumptive clagnoses of acute gali- 
stone pancreatitis. The incidence of migrating and persisten: bile 
duct stones was determined using stool screening and intra- 
operative cholangiography, and the clinical significance of son- 
tinued stone obstruction of the papilla was investigated using 
ultrasound assessment of migration time and a second evalua- 
tion cf prognostic signs. Pancreatic inflammation was confirmed 
at surgery in51 patients, of whom only 27 had stones inthe stools 
(n= 22) or the bile duct (n = 5), suggesting that choledocholithia- 
sis may not be the sole triggering factor of acute galistone pan- 
creatitis. Neither delayed migretion nor persistent stone obstruc- 
tion of the papilla promoted pancreatic inflammation. 

(Arch Surg. 1991 :126:566-568) 


A eute gallstone panereatitis is generally agreed to be 
triggered by a transient or persistent obstruction of the 
papilla by a stone.'^ This causative mechanism was estab- 
lished when Acosta and Ledesma’ and Kelly‘ recovered stones 
frem either the stools or the bile duct in 85% to 100% of 
patients with acute gallstone pancreatitis. However, because 
both studies were performed before the development of ultra- 
sound and other imaging techniques, patient selection was 
.. based on clinical eriteria such as hyperbilirubinemia and 
__ right-apper-quadrant tenderness. Indeed, that hyperbiliru- 


E 








a binemia was present in 97% to 100% of the patients studied by 


_ Acosta et al” suggests that selection may have been made 

using criteria indicative of choledocholithiasis. Although 
_ these reports had great merit, a major reason for the high 
incidence of choledocholithiasis reported may have been an 
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inadequate clinical and pathologie spectrum in the choice of 
patients. | 

Our study determines the incidence of choledocholithiasis 
in patients with acute gallstone pancreatitis selected using 
results of ultrasound examination and clinical criteria and 
investigates whether continued stone obstruction of the papil- 
la was a major factor in promoting pancreatic inflammation. 


PATIENTS AND METHODS 


From January 1986 to July 1990, 603 patients with acute, apper- 
abdominal pain secondary +o choledocholithiasis were admitted to the 
Cosme Argerich Hospital, Buenos Aires, Argentina. Of the.603 
patients, 110 presented with presumptive diagnoses of acute gall- 
stone pancreatitis and fulfilled all of the following criteria: (1) admis- 
sion within 72 hours of onset of acute epigastric pain and no bowel 
movements during that period, (2) total serum amylase levels at least 
twice the normal upper range of our laboratory, (3) gallbladder 
lithiasis on ultrasound examination, (4) no aleohol intake or other 
factor predisposing to acute pancreatitis, and (5) no associated dis- 
eases or pregnancy. 

Stoo! screening for gallstones was performed using the technique 
described by Acosta et al,’ in which stools were filtered through a 
1-mm"-pore steel basket. Stool collections were started immediately 
after admission and discontinued about one week after surgery. 
Ultrasound monitoring of biliary and. pancreatic duct diameters was 
performed every 24 hours using an image scanner (Aloka SSD-280L8; 
Aloka Co Ltd, Tokyo, Japan) with 3.5-MHz and 5.0-MHz transduc- 
ers, As previously reported," migration time was defined by a 50% or 
greater decrease in bile duct diameter within 48 hours, and the 
pancreatic duct was considered dilated if it measured 2 mm or more 
and was clearly visualized in two or more parts of the gland. Duration 
of stone obstruction was defined as the interval between the first 
ultrasound examination and migration time. Ranson's" prognostic 
signs of acute biliary pancreatitis were determined and liver function 
studies performed at admission and repeated every 3 days. | 

Computed tomographic (CT) examination was performed during 
the second week after admission in every patient with more than one 
positive prognostic sign and whenever results of ultrasound examina- 
tion indicated pancreatic enlargement or extrapancreatic inflamma- 
tion. In CT studies, a scanner (Toshiba 60AX; Toshiba Co Tokyo, 
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Statisti 









Size of gallbiadder stones, mm (mean + SEM) 
"Bile duct diameter at admission, mm (mean + SEM) 
Total serum bilirubin level at admission 
>20 pmol, No. of cases 
Jaundice at admission, No. of cases 
Dilatation of pancreatic duct, No. of cases 
Two or more positive prognostic signs at 
admission, No. of cases 
Two or mors points on the CT score, No. of cases 
No. of deaths - 
*NS indicates: not significant, and CT, computed tomographic. 












Japan) with 1.3- to 3-second sean speeds was employed, and eontigu- 
ous 5- to 10-mm scans were performed before and after intravenous 
injection of iocinated contrast material. Computed tomographic find- 
ings were graded using the severity index described by Balthazar et 
al," which is based on combined assessment of peripancreatic inflam- 
mation and degree of pancreatic necrosis. 

All patients were initially treated with intravenous fluids, nasogas- 
trie suction, broad-spectrum antibiotics, and general supportive 
care. Elective biliary surgery was performed when patients were 
considered to have recovered from the acute attack, not earlier than 
7 days after admission. Cholecystectomy, examination of the pancre- 
atic area for evidence of pancreatic inflammation, and intraoperative 
cholangiograshy under fluoroscopic control were performed through- 
out. Early surgery was performed only if biliary tract infection was 
suspected; after 2 weeks, surgery was performed when local compli- 
cations such as unresolving fluid collections or pancreatic sepsis 

- Statistical aralysis was performed using the x’ test with Yates 
correction when appropriate, and an unpaired Student's t test was 
used to evaluste independent samples. 


RESULTS 


Intraoperative evidence of acute pancreatitis was found in 
51 of the 110 study patients. Of the 59 patients without 
pancreatitis, results of stool screening were positive in 10 
patients, and bile duct stones were found intraoperatively in 
another 18. Of the remaining 31 patients, the only pathologic 
finding was gallbladder lithiasis with acute (n = 11) or chronic 
(n=20}) cholecystitis. Emergency surgery was performed in 
two patients with acute cholangitis, and the remaining 57 
underwent elective surgery. None of the 59 patients without 
acute pancreatitis died. 

Of the 51 patients with acute pancreatitis, stones were 
found in the stools of 22 and in the distal bile ducts of another 
five. Of the remaining 24 patients, stones were not found 
using stoo! screening or intraoperative cholangiography. Sta- 
tistical analysis of data of patients with and without choledo- 
cholithiasis is shown in the Table. 

In the grov 
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cal Analysis of Data From Two Groups of Patients With Acute Gallstone Pancreatitis’ 


Patients With 
Choledocholithiasis (n = 27) 


44,37 +3.47 


10.0+0.73 











Patients Without 
Choledocholithiasis (n = 24) P 
46.8 + 3.47 



















5 14 «un 
0 3 NS 


els were recorded in most patients who had undergone mere 
than 24 hours of ductal obstruction. Of the five patients with 
persistent bile duct stones, only the one who developed acate 
cholangitis worsened clinically. No patients with choledocno- 
lithiasis died, and none required surgery for late, lecal 
complications. 

Of the patients without choledocholithiasis, early percuta- 
neous cholecystostomy was performed in one patient who had 
suffered a severe attack and had ultrasonographic evidence of 
impending gallbladder perforation. Two early deaths from 
multiple organ failure occurred, one in a 32-year-old man with 
necrosis of 90% of the pancreas and the other in an 81-year-old 
man with necrosis of 5096 of the pancreas. Although surgery 
was not performed on these two patients, choiedocholithiasis 
was ruled out on postmortem examination. Three patients 
underwent surgery for late local complications: cystojejumos- 
tomy was performed in one and necrosectomy in two, withone 
death occurring due to massive retroperitoneal bleeding. 
Elective surgery was performed in the remaining 18 patients 
without mortality. | 


Follow-up data were available on all patients. In the group - a 


with choledocholithiasis, one patient experienced acute pan- 
creatitis 1 month after surgery, but endoscopic retrograde - 
cholangiography did not demonstrate residual stones. No. 
patients without ^ choledocholithiasis had recurrent 
pancreatitis. 


COMMENT 
In this study, the overall incidence of choledocholithiasis in 
patients with acute gallstone pancreatitis was 53%, signifi- 


cantly lower than that reported by Acosta and Ledesma and 
Kelly.‘ Total serum bilirubin values greater than 20 pmol/L. 


were found in 37% of our patients, in contrast'to such valuesin — . 


97% to 100% of the patients studied by Acosta et al.' Likewise, 
14% of our patients, but 33% of Kelly’s‘ and 54% of those of 
Acosta et al,° had jaundice. These data suggest that patient 
selection may considerably influence the incidence of chaledo- 
cholithiasis in acute gallstone pancreatitis. Thus, in previous 
studies,‘ patient selection using clinical criteria alone may 
have created a bias toward greater inclusion of patients with 
choledocholithiasis. 

Continued papillary obstruction was not associated. with 
progressive worsening of pancreatic inflammation im our 
study. Indeed, most patients with choledocholithiasis experi- _ 
enced mild attacks, regardless of the interval from admission _ 
to migration. These findings contrast with those of a recent. — 
study by Neoptolemos et al” in which choledocholithiasis was — 
commonly associated with predicted severe attacks and a 


Choledocholithiasis—Oria etal 567 
















mplication rate. However, there are two major differ- 
etween their study and ours. First, acute cholangitis 
ur patients, but in 23% of patients in 
: moset al." Intheir study, acute pancre- 
fined when 2 compatible clinical picture of the 
hyperamyiasemia were present, whereas our 
series comprised only patients with pathologic confirmation 
of disease. On the other hand, our findings do agree with those 
of Kim et al," who reported that persistent bile duct stones 
dic not correlate with mereased severity of pancreatic 
inflammation. 

. Most patients without choledocholithiasis had nondilated 
duets at admission, suggesting that acute pancreatitis may 
have been triggered by factors other than papillary obstruc- 
tion. It might be argued that gallstcnes measuring less than 
1 mm, anc therefore undetectable using stool screening, pro- 
duced a brief but harmful papillary obstruction. However, 
there was no difference in gallbladder stone size between 
patients with and without choledoeholithiasis. Furthermcre, 
because the common channel measures 2 + 1 (mean + SD) mm 
























in diameter,“ impaction of a stone measuring less than 1 mmis - 
remote. Although the causative mechanism of acute panere- 
atitis in these patients remains uncertain, an obstructing 
papillary stone is unlikely to have played a triggering role. 

The observation that severe attacks were more common in 
patients without choledocholithiasis was unexpected and 
must be reevaluated using a larger series of patients. Howev- 
er, this observation is consistent with two reports” on early 
opacification of the biliary duct in patients with severe acute 
galistone pancreatitis. Coppa et al^ found choledocholithiasis 
in only one of six such patients examined using early percuta- 
neous transhepatic cholangiography. More recently, Kelly 
and Wagner" performed early endoscopic retrograde cholan- 
giography in eight patients with severe gallstone pancreati- 
tis, and only one had an impacted stone. Although the conven- 
tional explanation of the absence of choledocholithiasis in this 
setting is that gallstone migration has already occurred, 
our data strongly indicate that this assumption may be inap- 
plicable to a significant number of cases. 


References 


1. Steer ML. Classification and pathogenesis of panereatitis. Surg Clin 
North Am. 1989:69:467-480. 

2. Howard JM. Gallstone pancreatitis. In: Howard J M, Jordan GL, Reber 
HA. Surgicai Disenses of the Pancreas. Philadelphia, Pa: Lea & Febiger; 
1987:265-283. 

3. Acosta JM, Ledesma CL. Gallstone migration as a cause of acute pancere- 
atitis. N Engl J Med. 1974:290:484-487, 

4, Kelly TR. Gallstone pancreatitis: pathophysiology. Surgery. 1976;80:488- 
492 


5. Kelly TR. Gallstone panerestitis: the timing of surgery. Surgery. 
1980;38:345-350. 

6. Acosta JM, Pellegrini CA, Skinner DB. Etiology and pathogenesis of 
acute-biliary pancreatitis. Surgery. 1980;88:118-1925. 

7. Acosta JM, Rossi L, Ledesma CL. The usefulness of stool screening for 
diagnosing chclelithiasis in acute pancreatitis: a. description of the technique. 
Dig Dis Sci. 1977,22:168-172. 

8. Oría A, Alvarez J, Chiappetta L, et al. Risk factors for acute pancreatitis 
in patients with migrating gallstones: Arch Surg. 1989:124:1295-1296. 

9. Oría A, Frider B, Alvarez J, Chiappetta L, Souto N, Fontana JJ. Biliary 
and pancreatic obstruction during gallstone migration. Int J Pancreatal. 
1888,3:157-164. 

10. Ranson JHC. The timing of biliary surgery in acute pancreatitis, Ann 


Surg. 1979;89:654-662, 

1L Balthazar EJ, Robinson DL, Megibow AJ, Ranson JHC. Acute pancre- 
atitis: value of CT in establishing prognosis, Radiology. 1990;174:331-336. 

i2. Neoptolemos JP, Carr-Locke DL, London N , Bailey I, Fossard DP. 
ERCP findings and the role of endoscopic sphineterotomy in acute gallstone 
pancreatitis. Br J Surg. 1988;75:954-960, 

13. Kim U, Shen HY, Bodner B. Timing of surgery for acute gallstone 
pancreatitis. Am J Surg. 1988;156:393-396. 

14. Barraya L, Pujol Soler C, Yvergneaux JP. La région oddienne: anatomie 
millimétrique. Nouv Presse Med. 1971;79:25277-2534. 

15. Coppa GF, LeFleur R, Ranson JHC. The role of Chiba-needle cholangi- 
ography in the diagnosis of possible acute pancreatitis with cholelithiasis. Ann 
Surg. 1981;198:393-398. 

16. Kelly TR, Wagner DS. Gallstone pancreatitis: a prospective randomized 
trial of the timing of surgery. Surgery. 1988;104:600-605. 

17, Zimmon D. What is the role of endoscopy in the management of biliary 
pancreatitis, and when should it be utilized? Am J Gastroenterol. 1990;85:9-10. 

18. Neoptolemos JP, Carr-Locke DL, London NJ, Bailey IA, James D, 
Fossard DP. Controlled trial of urgent endoscopic retrograde cholangiopan- 
creatography and endoscopic sphincterotomy versus conservative treatment 
for acute panereatitis due to gallstones. Lancet. 1988;2:979-983. 


Invitec Commentary 


This article is one of several landmark contributions to the 
understanding and management of gallstone-associated par- 
creatitis, mainly becauseits facts challenge what have become 
widely accepted verities. The study shows the following: (1) 
53% of patients with “gallstone pancreatitis” may have no 
physical evidence of pancreatic inflammation at laparotomy 
when performed at least a week or so after presentation. This 
corroborates the view that many patients with gallstones and 
hyperamylasemia may have only a chemical phenomenon 
C'pseudopancreatitis") that does not necessarily equate with 
parenchymal abnormality. (2) Gallstone pancreatitis may not 
necessarily imply passage ef gallstones into the common duct. 
Only half of the patients in this study had stones in the duct or 
retrieved from the stools, regardless of whether they had 
pancreatitis. (3) “Impaction” of gallstones at the ampulla ap- 
pears to be a near-mythieal anecdctal phenomenon. In this 
study, no relationship was found between “delayed migration" 
‘or continued papillary obstruction) and progressiomof sever- 
ity. Attacks in most instances were mild and brief. Only two of 
110 patients required emergency deecmpression for cholangi- 
tis, and only 23 had residual stones in the common duct at 
surgery. In fact, more severe cases af cholangitis oceurred in 
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those without evidence of gallstone migration. 

As the authors indicate, this study differs from its predeces- 
sors in that serum bilirubin levels were significantly lower in 
these patients. This implies the necessity of incorporating 
different and broader inclusion criteria of gallstone pancreati- 
tis (chelelithiasis without other obvious cause of pancreatitis). 
Nonetheless, this article reflects a real-world view of patients 
presenting with gallstones and pancreatitis. This group can 
then be triaged into various subgroups according to further 
indexes, such as performance of cholangiography, if desired. 

The first conclusion is that one must beware of the simplistic 
“truth” that all cases of gallstone-associated pancreatitis are 
accompanied by gallstone migration. This is only likely. The 
second is that without acute cholangitis, urgent disimpaction, 
and clearing of gallstones from the bile ducts, whether by 
surgical or endoscopic means (and irrespective of effective- 
ness), may be irrelevant and unnecessary in most cases of 
gallstone pancreatitis. | 


ANDREW L. WarsHaw, MD 
Boston, Mass 
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e Ninety-four adult patients undergoing appendectomy for 
acute appencicitis were prospectively studied during a 2-year 
divided into. retrocecal (group 1; n= 27 














he base of the appendix is constant in position, situated 
medially and dorsally on the cecum, but the body may 
eventually ie anywhere in the abdomen due to rotation and 
fixation during embryologic development.’ Although various 
. classifications of appendiceal position have been used, they 


may be breadly categorized into anterior and retrocecal 


types... 
. . Collins? was the first to emphasize the atypical presentation 


^. PATIENTS AND MET 4ODS 

ril 1, 1989, and April 1, 1990, a prospective analysis 
‘on all adult patients undergoing appendectomy at the 
Arizona Medical Center, Tucson, and Tucson Medical 
. The following demographic information was recorded: age, 
mperature, white blood cell count on presentation, and dura- 
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EC 


tion of symptoms before operation. The absence of right-lower-quad- 

rant pain or tenderness was defined as an “atypical” presentation. 

The position of the appendix was designated as retrocecal (group 1) if 

the appendix was posterior and behind the cecum. Anterior position =e). 
consisted of all remaining cases (group 2). Clinical perforation ofthe) 
appendix and postoperative complications were also recorded. All” 
patients who had a histologie diagnosis of appendicitis were included. a 
in the study. 

Data were analyzed by means of Student's t test and x^ analysis. 


RESULTS 


During the study period, 94 patients with a histologic diag- 
nosis of appendicitis underwent appendectomy. There were _ 
52 male patients and 42 female patients, with a mean age of 
29.6 years. There were 27 cases of retrocecal appendicitis — 
(29%) and 67 cases of anterior appendicitis (71%). Initial 
temperature, white blood cell count, duration of symptoms | 
before presentation, and time from surgical consultation to — — 
operation were similar between the two groups of patients ^ 
(Table 1). Two patients in group 1 (7%) and five patients in __ : 
group 2 (796) had atypical presentations of their disease. Pour — 
patients with retrocecal appendicitis (15%) had perforation — 
noted at exploration vs nine patients (1396) in whom the = — 
appendix was anterior. Patients with appendiceal perforation — 
had a longer duration of symptoms and a higher incidence o[ 






















Table 1.—Initial Presentation of Retrocecai vs 
Anterior Appendicitis* 


Group 1 







37.8+0.1 
15.4+0.8 


Temperature, °C (mean + SEM) 
WBCs x 10°/L (mean + SEM) 
Duration of symptoms before 
admission, h (mean + SEM) 
Atypical presentation, No.(%) 
Time from surgical consultation to pt 
operation, h (mean + SEM) 86:42 103251 NS 
"NS indicates not significant; WBCs, white blood cells. — 






366-48 298224 NS | 











Table 2.—Facto JS As 





ciated With Appendiceal Perforation 





Nonperforated Perforated 
Appendicitis Appendicitis 
(n= 81) (n= 13) 
23 (85) 4 (15) NS 
58 {87) 9 (13) NS 
27.8+3.4 62.7+17.9 <.05 
2 (2) 
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Retrocecai appendix, No. (%) 
Anterior appendix, No. (%) 
Duration-of symptoms, h 

Atypical presentation, No. (24) 


Time from initial surgica: 
consutation to operation, f: 9.63.2 


infectious complication, No. (%) 1 (1) 
| No. of deaths 0 1 
*NS indicates nct significant. 







10.4 X 4:8 NS 








atypical presentation than those without perforation (Table 


2) 

Infectious complications were directly related to the clini- 
eal status of the appendix found at exploration (Table 2). 
There was one wound infection (4%) in group 1 and four 
wound infections (6%) in group 2. In addition, there were 
three cases of intra-abdominal abscess in group 2 vs ncne in 
group 1. There was one death in the series, which occurred 
after a prolonged delay in diagnosis in a morbidly obese 
patient. 

COMMENT 


The classic symptom triad of acute appendicitis consists of 
periumbilieal pain localizing to the right lower quadrant, 
acecmpanied by anorexia and nausea.’ Mildly elevated tem- 
perature, leukocytosis. and right-lower-quadrant tenderness 
are usually present." 

The position of the appendix is most easily categorized into 
anterior and retroceca: types. Large series of operative and 
postmortem examinations have reported a retrocecal position 
of the appendix in 20% to 60% of cases." In our series, the 
incicence was 29%, somewhere between the two extremes of 
reported cases. 

Retrocecal appendicitis has been reported to present more 
often with atypical symptoms and signs. In Collins’ series of 
T51 patients with retrocecal appendicitis, only 19% had the 
classic triad of symptoms. Eighteen percent had nonlocalizing 
abdominal pain, 28% had right flank pain, and 12% complained 
of right sheulder pain. It is not clear to what degree these 
symptoms were “atypical,” since no analysis was made with a 
comparable group of patients with anterior appendieitis. Fur- 
thermore, £3% had right-lower-quadrant tenderness of some 
sort, and 47% had involuntary guarding in the right lower 








quadrant. Slower progression of pain, less nausea and vomit- 
ing. a lower temperature and leukocytosis, and positive find- 
ings on urinalysis have all been stressed to be distinguishing 
features of retrocecal appendicitis.""" Investigators have 
stressed that because of the atypical presentation, diagnosis 
of retrocecal appendicitis is more likely to be delayed, leading 
to 2 higher incidence of perforation and more serious compli- 
cations. In Collins’ series, 58% of the appendixes were perfo- 
rated. 

More recent studies have contradicted these conclusions. 
Wiliamson et al’ found that in their series of 105 cases of 
retrocecal appendicitis, more than 80% of patients initially 
complained of right-lower-quadrant pain. Periumbilical pain 
localizing to the right lower quadrant was present in more 
than 60% of cases, and right-lower-quadrant tenderness was 
present in more than 95%. There was neither a delay in 
diagnosis nor a higher incidence of appendiceal rupture or 
wound infection compared with cases of anterior appendicitis. 
Grunditz et al‘ compared groups with anterior vs retrocecal 
appendicitis and found no difference in duration of symptoms, 
elevation in temperature, or rate of perforation or wound 
infeetion. Contrary to our study, there was significant delay 
in operation only for the subset of patients with nonperforated 
retrocecal appendicitis. 

The above studies were based on a retrospective review of 
operative reports. While we also began our study in a retro- 
spective fashion, we found that more than 25% of the opera- 
tive "eports failed to mention the position of the appendix and 
that the retrocecal position was noted more often than the 
anterior position. To obtain a more accurate picture of the 
true presentation and natural course of retrocecal appendici- 
tis, a prospective study was begun. Due to the number of 
observers involved, we limited our analysis to a few objective 
data We found no statistical difference between anterior and 
retrccecal appendicitis in presenting symptoms and signs, 
delay in diagnosis or surgical intervention, and morbidity. 
This is not unexpected, as most retrocecal appendixes remain 
intraperitoneal and the disease then follows the usual course 
of appendicitis. The death in our series was related to a 
prolonged delay in diagnosis and treatment in a morbidly 
obese patient. As seen in our study, the morbidity of appendi- 
citis is directly related to duration of symptoms and 
perfcration. 

When prolonged symptoms occur, perforation and infec- 
tious complications are more likely. Atypical symptoms by 
themselves are also associated with a higher rate of perfora- 
tion and eomplications. The key to reducing morbidity and 
mortality in appendicitis remains early diagnosis and treat- 
ment. As shown in this study, presentation of most acute 
appemdicitis is "typical" regardless of the position of the 
appendix. 
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e Many patients have undergone successful cardiac trans- 
plantation. These patients are at risk of developing the same 
surgical diseases as the general population. The side effects of 
immunotherapy may mandate intervention at a different point in 
the natural history of these processes. From February 1984 
through December 1989, 24 patients underwent an operative 
biliary tract procedure following cardiac transplantation. Seven- 
teen patients underwent elective cholecystectomy with intrao- 
perative cholangiography. The mean hospital stay was 5.4 days, 
and there wes no morbidity or mortality. Seven patients under- 
went urgent srocedures; four of them developed severe compli- 
cations and three died as a result of their biliary tract disease. 
Two patients in the urgent group had previously exhibited symp- 
toms of biliary tract disease, and five were previously asympto- 
matic. There wes no significant difference in time from transplan- 
tation to biliary procedure between the elective group (mean, 17 
months; range, 3 weeks to 47 months) and the urgent group 
. (mean, 18 months; range, 3 weeks to 44 months). Patients who 
undergo carciec transplantation should be screened for choleli- 
thiasis. The presence of symptoms should not be required before 
recommend ng operative intervention. 
(Arch Surg. 1991;126:571-573) 






e ardiac cransplantation is an accepted and, in many cases, 
preferred mode of therapy for end-stage cardiac disease. 
In 1989, more than 2000 such procedures were performed 
worldwide. As the cadre of patients who have undergone 
successful cardiac transplantation grows and long-term re- 
sults improve, other surgical problems, often complete-y un- 
related to the original cardiac disease, may develop. Because 
of the effects of immunosuppression on these pathologic pro- 
cesses, surgical intervention may be indicated at a different 
point in the natural history of the disease. At the Baylor 
College of Medicine, Houston, Tex, the immunosuppressive 
protocol is based primarily on cyclosporine, a drug that has 
been implicated in the development of biliary tract disease.’ 
This study was undertaken to evaluate the morbidity of oper- 
ative biliary tract procedures in patients who previously un- 
derwent cardiac transplantation. Additionally, a periepera- 
tive protocol for treating these patients is described. 


PATIENTS AND METHODS 
Patients 


The records of 24 consecutive patients who underwent biliary tract 
surgery after cardiac transplantation were reviewed. Indications for 
transplantation were idiopathic cardiomyopathy in nine patients and 
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tation 





end-stage ischemic left ventricular dysfunction in 15 patients, These — 


patients were selected from a group of 150 patients who underwent. : : : 


cardiac transplantation between February 1984 and December 1939, - 
All patients undergoing evaluation for transplantation are presently 
screened with routine abdominal ultrasonography before transplan- 
tation and annually thereafter. This procedure was not incorporated 
into the routine management protocol until July 1989. Since then, 16 
patients accepted for transplantation have been screened with ultra- 
sonography, seven of whom were found to have cholelithiasis. Six of 
these patients subsequently underwent cholecystectomy after trans- 
plantation, and one patient died in the peritransplantation period of 
complications unrelated to the biliary tract. 

Minimally symptomatic and asymptomatic patients who under- 
went transplantation before July 1989 underwent screening abdomi- 
nal ultrasonography; if cholelithiasis was noted, elective cholecystec- 
tomy was recommended. Twelve patients fell into this group. Eleven 
have undergone cholecystectomy, and one elected not to undergo this 
procedure and remained asymptomatie. 


Perioperative Management 


Patients who were to undergo elective biliary tract surgery under- 
went endomyocardial biopsy within 7 days of their scheduled surgical 
procedure. If their rejection score was considered acceptable (<4 on 
the McAlister scale), ie, not requiring any alteration in their immuno- 
suppressive regimen, biliary tract surgery was allowed to proceed as 
described below. If their biopsy score would, under other circaum- 
stances, require alteration in the immunosuppressive regimen (most. 
commonly a steroid pulse because of rejection), elective biliary tract — 
surgery was delayed until the patient had returned to a baseline 
immunosuppressive regimen with an acceptable graft rejection 
grade. 

All patients undergoing elective surgery received the immunosup- 
pressive therapy until and including the morning of surgery. Pulse 
steroids (100 mg of intravenous hydrocortisone) were administered 
before surgery and daily thereafter until the patient was able to 
tolerate oral intake. At that time, a baseline immunosuppressive 
regimen was resumed. Early in this series, invasive monitoring, 
including radial arterial line and Swan-Ganz eatheterization, was 
used during surgery; once the anesthesiologist became comfortable 
with treating these patients, peripheral venous access and a blood 
pressure cuff sufficed. Perioperative antibiotic coverage consisted of 
24 to 48 hours of intravenous cefamandole nafate therapy (Table 1). 

Management protocols were modified in those patients undergoing 
urgent biliary tract procedures. Immunosuppression was relaxed to 
compensate for infection, and broad-spectrum multimodality antibi- 
otie therapy was instituted; this therapy was subsequently modified. 
and guided by the results of perioperative and intraoperative culture 
results. All of these patients underwent placement of a Swan-Ganz 
eatheter, central venous lines, and an intra-arterial line. Patients 
underwent endomyocardial biopsy weekly while receiving a relaxed 
immunosuppressive regimen. Immunotherapy was then adjusted 
appropriately, allowing for grade 5 to 6 rejection in the face of 
systemic infection. Patients who experienced an unexplained in- 
crease in central venous pressure or pulmonary capillary wedge 
pressure or who sustained a decrease in cardiac output underwent 


urgent endomyocardial biopsies. Patients in unstable conditions un- * 


derwent biopsies in the intensive care unit; in these cases, portable 
fluoroscopy was used (Table 2). 
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Table 1.— Perioperative Treatment of Heart Transplant 
Recipients Undergoing Elective Biliary Tract Surgery 








Endomyocardial biopsy 1 week before scheduled procedure 
if biopsy score >4 (McAlisier scale), treat rejection; repeat biopsy in 
1 week and reassess 
If biopsy score «4 and patient is receiving stable doses of immuno- 
suppressive agents. proceed with elective Surgery 
Maintain. immunotherapy unti and including morning of surgery 
Administer hydrocortisone (100 mg) intravenously before induction of 
anesthesia 
Administer hydrocortisone (100 mg) intravenously daily until oral intake 
is resumed 
Return to baseline immunotherapy regimen when oral intake is resumed 
Administer cefamar:dole antibictic prophylaxis for 48 hours 
Anesthetic management with peripheral intravenous line and blooc 
pressure cuff 
Surgical approach via subcostal incision 






















Table 2. — Perioperative Treatment of Heart Transplant 
Recipients Undergoing Urgent Biliary Tract Surgery 







Relax immunotheraoy to compensate for infection 

Initiate erapiric multimodality bread-spectrum antibiotic therapy 

Adjust antibiotic therapy using perioperative and'intraoperative culture 
data when available 

Anesthetic and perioperative Management with central venous lime, 
Swan-Ganz catheter, and arterial line 

Midline laparotomy incision 

It patient remains in hemodynamically stable condition, perform endo- 
myocardial biopsy weekly while patient is receiving decreased 
immunctherapy 

Perform urgent endomyocardial biopsy for any sustained, unexplained 
elevation of filling pressures or drop in cardiac output 









The operative approach in patients in the elective group consisted 
of a subcostal incision. Abdominal exploration was performed in all 
instances. Needle biopsies of the liver were performed if the preoper- 
ative liver function tests disclosed any abnormalities. A midline 
incision was used in urgent cases in which procedures other than 
simpie choleeystectomy were anticipated. 


RESULTS 


Of the 24 transplant recipients who underwent biliary tract 
surgery, 23 were male and one was female. They ranged in 
age from 27 to 65 years. Seventeen patients underwent elec- 
tive procedures and seven underwent urgent procedures. 
Ten ef the 17 patients who underwent elective procedures had 
prev:ously exhibited symptoms of biliary tract disease. Six 
patients had documented onset of symptoms ranging from 2 to 
11 months after transplantation. One patient had an episode 
of pretransplantation biliary colic. Three patients related a 
vague history of abdominal complaints that, retrospectively, 
were consistent with biliary tract disease, and seven patients 
were asymptomatic. 

Symptoms most commonly consisted of right-upper-quad- 
rant pain, postprandial nausea, fatty food intolerance, and 
bloating. In the urgent grcup, symptoms of biliary traet 
disease developed within a range of 2 weeks to 38 months 
after transplantation. Two cf the patients exhibited symp- 
toms of biliary tract disease followed by an asymptomatic 
. interval before their operative procedures. The other five 
— . patients developed their initial symptoms at the time of hospi- 
tal admission, which led to laparotomy. At the time of surgical 
admission, all patients had right-upper-quadrant pain, nau- 
Sea, end vomiting. Five had fever greater than 38°C and two 
had altered sensarium. The two patients who exhibited symp- 
toms before admission for urgent surgery did so 2 and 
6 months before admission. Both patients experienced biliary 
colic. They had undergone transplantation:38 and 20 months 
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previously. One patient undergoing an elective procedure had 
an elevated serum bilirubin level and two patients had ele- 
vated aminotransferase levels. All seven patients undergoing 
urgent surgery had elevated bilirubin levels and five had 
elevated aminotransferase levels. Five patients were clinical- 
ly jaundiced prior to undergoing urgent procedures. 

Patients underwent surgery from 3 weeks to 47 months 
after cardiac transplantation. There was no significant differ- 
ence In time from transplantation to surgery in elective cases 
(mean, 17 months; range, 3 to 47 months) vs urgent cases 
(mean, 18 months; range, 3 weeks to 44 months). Seventeen 
patients who were operated on electively underwent chole- 
cystectomy with intraoperative cholangiography. One pa- 
tient required common duct exploration. All seven patients 
operated on urgently underwent cholecystectomy with in- 
traoperative cholangiography. Three required common duct 
exploration and two required pancreatic débridement with 
drainage. 

There were no complications in patients undergoing elec- 
tive surgery. Their hospital stays after biliary tract surgery 
averaged 5.4 days. All but one patient resumed the baseline 
immunosuppressive regimen within 3 days; the mean time to 
resume was 1.5 days. There was no mortality or morbidity in 
this elective group. Four of the seven patients undergoing 
urgent surgery experienced complications and gram-nega- 
tive sepsis. Two patients developed severe pancreatitis and 
one developed intra-abdominal abscesses. One patient was 
operated on for acalculous cholecystitis 78 days after trans- 
plantation. Three of seven patients undergoing urgent sur- 
gery died of complications of biliary tract disease. 


COMMENT 


There has been discussion in the literature about the risk of 
biliary tract disease in the heart transplant recipient. Wheth- 
er there is an actual increased risk of cholelithiasis in trans- 
plant recipients remains speculative. Several studies have 
demonstrated that cyclosporine induces cholestasis.” 

There is a significant association between hyperbilirubine- 
mia and a dose-related effect on cholestasis.? In the present 
series, seven of 24 patients had elevated serum bilirubin 
levels, but six of these patients had symptomatic cholelithia- 
sis, which might explain their hyperbilirubinemia. The sev- 
enth patient had acalculous cholecystitis, which is itself asso- 
ciated with hyperbilirubinemia. The long-term role of 
cyclosporine in the induction of clinical biliary tract disease 
remains unclear. 

Regardless of whether cardiac transplant recipients are at 
increased risk of developing biliary tract disease, it is clear 
that once such disease is detected, early and aggressive man- 
agement is necessary for optimal survival because of the 
increased risk of complications and death in the immunosup- 
pressed patient.*” 

Colon et al’ addressed the issue of biliary tract disease in 
cardiac transplant recipients and recommended elective cho- 
lecystectomy in symptomatic patients at least 6 months after 
transplantation. In their series, they recommended close and 
careful follow-up with avoidance of operative intervention in 
those patients with asymptomatic gallstones. Villar et al" 
identified 12 transplant recipients with cholecystitis at a 
mean of 14 months after transplantation. The presence of 
upper abdominal pain and elevated bilirubin levels as well as 
the demonstration of gallstones by ultrasonography were 
consiGered indications for elective cholecystectomy. In pa- 
tients with asymptomatic disease, Villar et al” favored elec- 
tive surgery after recovery from transplantation. Girardet et 
al" perform elective biliary tract surgery in patients before, 
rather than after, cardiac transplantation and have a policy of 
mandatory eradication of biliary tract disease before per- 


Biliary Surgery — Sekela et al 



















transplantation. 

'e has been that the hemodynamic status of 
patients awaiting cardiac transplantation is 
dvoeate the latter approach. The majority of 
classified as New York Heart Association 
any patients require support with intrave- 
yerapy. Should a transplant candidate fall into 
tegory, then elective pretransplantation cho- 
uld be considered. Because of the demon- 
o safely address this surgical problem after 


IET ntation when the patient is not hemodynami- 
cally com sed, the presence of asymptomatic cholelithia- 
sis sho clude a patient from consideration for cardiac 


transplantation. 
In the general population, the indications for cholecystecto- 
my are well known and the operative risks are minimal. Some 
surgeons continue to advocate cholecystectomy in asympto- 
matic individuals with cholelithiasis; however, it appears that 
the majority ef surgeons require the presence of symptoms. 
Patients who have undergone cardiac transplantation fall 
outside these-generally accepted guidelines. In this series of 
17 patients, ineluding seven asymptomatic patients, operated 
on electively, there was no morbidity. The mean hospital stay 
was 5.4 days. which compares favorably with the mean hospi- 
tal stay for patients undergoing elective cholecystectomy in 
the general population. In those patients who underwent 
urgent cholecvstectomy, only two exhibited symptoms prior 
to admission that led to urgent laparotomy. Of the seven 
patients undergoing urgent surgery, four (57%) developed 
plications and gram-negative sepsis that resulted 





in three deaths (43%). Five patients who required urgent 
laparotomy were previously asymptomatic. The three pa- 
tients who died fell into this asymptomatic group. This led to 
the policy of recommending cholecystectomy in asymptomat- 
ic patients after transplantation. 

Although we have not yet applied laparoscopic cholecystec- 
tomy to the patient undergoing transplantation, the low mor- 
bidity and excellent results achieved seem to make it ideal ‘or 
application to the asymptomatic or minimally symptomatic 
patient following cardiac transplantation. This could simplify 
perioperative management of immunotherapy and lead to a 
decreased hospital stay. 

All patients at this institution who are evaluated for cardiac 
transplantation are now screened with routine abdominal 
ultrasonography before transplantation and annually there- 
after. If gallstones are discovered and the patient is asymp- 
tomatic, elective cholecystectomy is recommended once re- 
covery from the transplantation procedure is complete 
(usually within 4 to 6 months), Symptomatic patients are 
operated on if they exhibit symptoms prior to the end of this 
posttransplantation period. Patients awaiting cardiac trans- 
plantation who are hemodynamically quite tenuous are 
treated with antibiotics and other medical therapy in an effort 
to avoid laparotomy. Some patients in this latter group exkib- 
it symptoms of acute cholecystitis and need to be operatec on 
before transplantation. In our experience, however, this is 
unusual. We have had to perform pretransplantation chele- 
cystectomy only once in 5 years. 


This study was supported in part by the Cullen Trust for Health Care, 
Houston, Tex. 
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invited Commentary 


This study comes from one of the premier cardiac surgical 
programs in the world. Biliary tract disease is being recog- 
nized with increasing frequency after cardiac transplantation, 
which may be due, in part, to cyclosporine therapy. Twenty- 
four (289%) of 150 patients undergoing cardiac transplantation 
underwent cholecystectomy. Patients undergoing elective 
cholecystectomy had no mortality or morbidity. Patients re- 
quiringemergency operations fared poorly, with three of sev- 
en dying of complications from their biliary tract disease. 

Patients should be evaluated with ultrasonography for gall- 
stones before undergoing cardiac transplantation. Patierts 

. with gallstones should undergo elective cholecystectomy re- 
gardless of symptoms rather than waiting for symptoms of 
biliary tract disease to develop. The timing of cholecystecto- 
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my, before or after cardiac transplantation, will depend on the 
patient's condition. 

Laparoscopie cholecystectomy, which was not performed in 
these patients, should be performed whenever possible. Lap- 
aroscopie cholecystectomy is accompanied by less morbidity, 
shorter hospital stay, and better patient comfort than open 
cholecystectomy. Laparoscopic cholecystectomy should make 
the management of immunotherapy in the perioperative peri- 
od easier for the patient and surgeon, and may make it possible 
to perform pretransplantation cholecystectomy more often. 


JOHN L. SAWYERS, MD 
Nashville, Tenn 
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e We examined the relationship of axillary level of lymph node 
metastases from clinical stege | and fi breast cancer to overall 
survival and disease-free survival rates in 135 patients who un- 
derwent complete axillary lymph node dissection to determine if 
anatomic level of axillary involvement (I vs il vs Ill) is an indepen- 
dent prognostic factor. All patients underwent either mcdified 
radical mastectomy or lumpectomy with axillary dissection and 
whole breast radictherapy for breast cancer. Median follow-up 
was 6.9 years. We found no difference in overall survival or 
disease-free survival between patients whose highest or only 
level of axillary involvement was level | compared with patients 
whose highest or only level was ii. Although patients whose 
highest level of nodal involvement was Ill had significantly worse 
overall survival and disease-free survival rates than patients 
whose highest nodal involvement was | or il, when patients were 
stratified by the total number of positive nodes (one to three vs 
four or more), there was no difference in overall survival or 
disease-free survival rates between levels |, Il, and fll. These 
findings indicate that the level of axillary involvement for stage Il 
breast cancer is not of independent prognostic significance. 

(Arch Surg. 1991;126:574-577) 






T'he axillary lympk node region is a site for metastatic 
.- tumor spread in approximately half of all patients with 
Stage lor II breast cancer. The presence and the number of 
axillary metastases have been shown to be important prog- 
. nostic variables." Axillary lymph nodes can be divided ana- 
.. tomically into three levels based on their position in relation to 
_ the pectoralis minor mascle-~level I consists of axillary tissue 
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lateral to the pectoralis minor, level II nodes are located 
posterior to the pectoralis minor, and level III nodes are 
medial to the peetoralis minor in the apex of the axilla. Ap- 
proximately 40% of the axillary lymph nodes are located in 
level I, 40% in level II, and 20% in level III.? 

The anatomic level of axillary lymph node metastases from 
breast cancer was first proposed to be an independent predic- 
ter of survival over 30 years ago." A subsequent report by 
Smith et al," however, challenged this finding, and the prog- 
nostic value of the level of axillary metastases continues to be 
controversial. To clarify the prognostic significance of the 
leve of axillary lymph node metastases in breast cancer, we 
therefore analyzed patterns of survival in 135 patients with 
breast eancer who underwent complete axillary dissections. 


MATERIALS AND METHODS 


We reviewed the medieal records of 135 patients treated for stage I 
or II breast cancer between 1979 and 1985. All patients were partici- 
pants in a National Cancer Institute prospective randomized trial 
comparing Patey modified radical masteetomy with gross tumor 
excision, axillary dissection, and breast radiotherapy. All patients in 
this trial were previously untreated and had unilateral breast cancer 
of epithelial origin. All patients underwent complete axillary dissec- 
tion with excision of the pectoralis minor muscle. The axillary levels 
of each specimen were determined intraoperatively and the contents 
of each level were submitted separately to the pathologist for evalua- 
tion as recommended by the breast cancer task force." The total 
number of lymph nodes in the axillary specimen as a whole and at each 
axillary level and the number of nodes with metastasis at each level 


were determined. Patients with pathologically positive axillary - 
nodes received nine cycles of postoperative adjuvant chemotherapy | 


consisting of either doxorubicin hydrochloride and cyclophosphamide 
or cyclophosphamide, methotrexate LPF sodium, and fluorouracil.’ 
All patients were subsequently followed up in the breast clinic with a 
history and physical examination every 3 months, a chest roentgeno- 
gram every 6 months, and a bone sean and mammogram yearly. 
Follow-up was completed for all patients. A recurrence at any site (in- 
breast among radiotherapy patients, local/regional, or distant) was 
considered a relapse for purposes of disease-free survival (DFS) 
analysis. 


Axillary involvement Level—Barth etal 


2 


2828859 


D 
£ 
2 

e 

3 
o 
a 


A 
eo 


4& 5. v9 7 
Time Since Surgery, y 


Fig 1.—Survival by number of positive lymph nodes. Log-rank com- 
parisons for number of positive nodes: none (n — 71; line with triangles) 
vs one to three (n = 41; line with circles), P — .04; none vs four or more 
(n = 23; line with squares), P<.0001; one to three vs four or more, 
P<.006. 
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Fig 3.— Survival by highest level of axillary involvement. Log-rank 
comparisons: level | (n — 20; line with triangles) vs Il (n— 27; line with 
circles), P=.96; levels | and II vs Ill (n=17; line with squares), 
P= .026. 


Survival curves were generated using the method of Kaplan and 
Meier.” Statistical analyses were performed using the log-rank 
method and the Cox proportional-hazards model. All P values were 
derived using two-tailed tests. 


RESULTS 


We studied 135 patients with clinical stage I or II breast 
cancer who underwent complete axillary dissection. The me- 
dian age of all patients was 50 years. Sixty-four patients had 
axillary lymph node metastases and 71 had no axillary lymph 
node metastases. The distribution of positive lymph nodes 
according to axillary level as adapted from Danforth et al’ is 
shown below: 


Axillary Level Positive No. of Patients 


None 71 
Any level 64 
Level I only 20 
Level II only 14 
Level III only 2 
Levels I and II 13 
Levels I and III 1 
Levels II and III 3 
Levels I, 11, and III 11 
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Fig 2.—Survival by tumor size. Log-rank comparison: T1 («2.0 cm; 
n — 24; line with triangles) vs T2 (2.1-5.0 cm; n — 40; line with circles), 
P = .0058. 


Incidence of Positive Lymph Nodes According to Axillary Level 





Median No. of 
Positive Lymph Nodes 


No. of 
Patients 


Highest 
Axillary Level 


The median follow-up was 6.9 years (range, 4.5 to 10 years), 
and was completed for all patients. 

We first confirmed that the number of positive axillary 
lymph nodes (none, one to three, or four or more) and the 
tumor size (<2 cm or 2 to 5 em) were significant predictors of 
survival among these patients. As shown in Fig 1, there were 
significant differences in overall survival (OS) rates among 
patients with none vs one to three vs four or more positive 
lymph nodes (none vs one to three, P —.04; none vs four or 
more, P<.0001, one to three vs four or more, P = .0061). Five- 
year OS rates for patients with none, one to three, and four or 
more positive lymph nodes were 94%, 85%, and 58%, respec- 
tively. Five-year DFS rates among these groups of patients 
were 83%, 73%, and 38%, respectively. 

Among the 64 node-positive patients there was a significant 
difference in the OS rates between patients with T1 tumors 
and patients with T2 tumors (P —.0058; Fig 2). The 5-year 
survival rate was 92% for patients with T1 primary tumors 
and 6796 for patients with T2 primary tumors. 

We next investigated whether the number of positive 
lymph nodes and the tumor size were independent significant 
prognostic variables. This was done by using the log-rank test 
to compare the survival rates of patients with similar tumor 
sizes but different numbers of positive axillary nodes. When 
patients were stratified according to similar tumor size (Tl or 
T2), there was still a significant difference between both OS 
and DFS rates among patients with one to three vs four or 
more positive nodes (OS, P= .032; DFS, P = .025). Converse- 
ly, when the patients were stratified by the number of posi- 
tive lymph nodes (one to three or four or more), there re- 
mained a significant difference between the OS rates of 
patients with T1 and T2 tumors (P=.021). These results 
indicate that both tumor size and the number of positive 
axillary nodes are independent prognostic indicators. 

The prognostic value of the level of axillary metastatic 
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Fig 4. —Survival of patients with one to three positive lymph nodes by 
highest axillary level of involvement. Log-rank comparison: levels | 
(n= 19; line with triangles) and II (n= 18; line with circles) vs IlI (n — 4; 
line with squares), P — .60. 
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Fig 6.—Survival of patients with only one axillary level of lymph node 
metastases. Log-rank comparison: level | (n= 20; line with triangles) 
vs Il (n=14; line with circles), P=.62. (Since there were only two 
patients with involvement of level IIl only, survival analysis of this 
group was not cone.) 


involvement was determined by examining OS and DFS rates 
according to the highest level of axillary lymph node positivity 
(level I vs II vs III; Fig 3). The 5-year OS rates of patients 
whose highest level of axillary involvement was I, II, or III 
were 85%, 81%, and 57%, respectively. There was no differ- 
ence in the OS or DFS rates among patients whose highest 
level of axillary metastases was level I compared with level II 
(OS, P=.96; DFS, P=.52). However, when the OS or DFS 
rate of patients whose highest level of axillary involvement 
was level I or II was compared with that of patients whose 
highest involvement was level III, there was a significant 
difference in both OS (P = .026) and DFS (P =.018) rates. 
Patients whose highest level of axillary involvement was 
level III had a much higher median total number of positive 
nodes (10) than patients whose highest involved nodal level 
was I (n=1) or II (n=2; Table). Te investigate whether the 
reduced survival rate of patients with level III metastases 
simply reflected zhe greater number of positive nodes in these 
patients, or whether level of involvement truly was an inde- 
pendent predictor of survival, we grouped the patients ac- 
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Fig 5.—Survival of patients with four or more positive lymph nodes by 
highest axillary level of involvement. Log-rank comparison: levels | or II 
(n= 10; line with triangles) vs III (n= 13; line with circles), P — .72. 


cording to the total number of positive lymph nodes (one to 
three or four or more) and then compared the survival rates of 
patients with different highest levels of metastatic involve- 
ment (Figs 4 and 5). These survival curves show that there is 
no difference in OS rates between different levels of axillary 
metastases when patients were stratified according to wheth- 
er they had one to three (P —.60) or four or more (P —0.72) 
positive nodes. Similarly, there were no differences in DFS 
rates between different levels when patients were stratified 
aceording to whether they had one to three (P — .61) or four or 
more (P — .51) positive nodes. 

The prognostic value of the level of axillary lymph node 
involvement with tumor was further analyzed by comparing 
the OS rates of 19 patients whose only level of nodal involve- 
ment was level I with those of 14 patients with only level II 
metastatic involvement. (Since there were only two patients 
with sole involvement of level III, this level was not included 
in the comparison.) As shown in Fig 6, there was no difference 
in the OS rate between patients whose only level of involve- 
ment was level I and patients with only level II involvement 
(OS, P=.62; DFS, P=.72). 

The number of positive nodes, the tumor size, and the 
highest level of lymph node involvement were also evaluated 
as prognostic variables in a multivariate analysis using the 
Cox proportional-hazards model. In this multivariate analy- 
sis, the total number of positive lymph nodes and the tumor 
size were independent significant predictors of OS (P=.012 
and P=.039, respectively) while the highest level of lymph 
node involvement was not (P — .41). 


COMMENT 


Axillary lymph node metastases occur commonly in pa- 
tients with clinical stage I or II breast cancer. An axillary 
lymph node dissection is routinely performed in these pa- 
tients to detect and remove metastatic tumors. The axillary 
dissection provides important prognostic information, may 
facilitate selection of patients for adjuvant chemotherapy 
regimens, and prevents further growth of tumor in the axil- 
lary nodes. The presence as well as the number of positive 
nodes have provided the most important prognostic informa- 
tion. We wished to determine if additional information (the 
level of axillary involvement) would also be prognostically 
useful in the management of patients with breast cancer. 

Our analysis of established prognostic variables indicated 
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on would be an excellent one in which to 
mostic importance of the level of axillary 
val of this patient population according 
"y metastases and primary tumor size 
ier studies." Our ability to demon- 
ion analysis, that the number of lymph 
size are independent prognostic indica- 
Fisher et ai") confirms that our study 
mall, is adequate for this type of analysis. 
e careful leveling of the axillary contents 
Breast Cancer Task Force criteria allows us 

l importance of axillary level of metastases. 

Berg, , first suggested that the level of axillary 
; lymy oh node volvement was a prognostic indicator of breast 
er survival. In his analysis, when patients were stratified 
according to the size of the primary tumor, higher levels of 

axillary i involvement predicted a worse 3-year survival rate, 
thereby suggesting that the level of axillary involvement had 
: nostic value independent of tumor size. Subsequent 
i dr rg g and others have also found that for a given 



















: va are to assess the relative prognostic importance of the 

xillarv lymph node involvement vs the total number 

itive nedes is to compare the survivals of patients who 

have nodal metastases at.only one level. We show (Fig 6) that 

significant difference in the survival of patients 

who have metastasis to level I alone vs those who have 
metastasis to level II alone. 

When the highest level of axillary involvement (the vari- 

able: used dy Berg): is used as the prognostic variable, we still 





find no significant difference in the survival of patients whose 
highest level of involvement is I compared with II. These 
findings are in agreement with those of Fracchia et al," who 
found no difference in the DFS of patients whose highest level 
of involvement is I compared with II. Therefore, for the 
majority of women with axillary nodal metastases (70% to 
80% of axillary dissection specimens have no metastases hig4- 
er than level II$), we find that the level of axillary involve- 
ment has no prognostic importance. 

In the present study, patients with metastases to axillary 
level III had a worse survival rate than patients whose nodal 
involvement was limited to level I or II. Our finding that — 
patients with level III involvement also have a very high 
median number of total lymph nodes has been observed by 
others. ™” Do the prognoses of these patients depend more on 
the fact that they metastasized higher up the axillary chainof 
lymph nodes or on their total lymph node burden? The deta 
presented in Figs 4 and 5 indicate that the survival of patierts 
with level III nodal metastases is better predicted by the tozal 
number of positive lymph nodes, not the level of axillary 
involvement. This conclusion is supported by the multivariate 
analysis, which found the number of positive axillary noces 
and the tumor size, but not the highest axillary level, to be 
significant prognostic indicators. 

Our observations confirm those of Smith et al,’ who a.so 
found that the survival of patients with breast cancer with 
different highest levels of involvement was similar if patients 
were stratified by the total number of positive axillary nodes. 
Therefore, the level of axillary involvement by lymph nede 
metastases in stage II breast cancer lacks independent prog- 
nostic significance. Although a minimum dissection of leve s I 
and II should be performed to ensure adequate quantitative 
lymph node analysis,” determination of anatomic level of in- 
volvement will not provide further prognostic information. 
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The Effect of a Trauma System on the 
Outcome of Patients With Pancreatic Trauma 


Guy R. Voeller, MD; Eugene €. Mangiante, MD; Timothy C. Fabian, MD 


* Patients suffering pancreatic trauma before and after the 
creation of a regionali trauma center were analyzed. Between 
1975 and 1982, before the trauma system was established, 80 
patients (10 per year) with pancreatic injury were treatec. From 
1984 to 1987 (after traume system implementation), 58 patients 
(19 per year) with e injury were treated. There were no 
significant differences in demographics, mechanisms of injury, 
types of pancreatic wound, or associeted injuries. Sixteen (20%) 
patients with pancreatic injury during the study period diec be- 
fore the trauma center was astablished. Of these, 13 (81%) died of 
hemorrhage. in contrast, five (9%) patients with pancreatic injury 
who were treated after the trauma center was operational cied. 
Oniy one death wes due to hemorrhage. By relative risk, a patient 
was 2.67 times more likely to die and 17 times more likely to die of 
hemorrhage before the presence of the trauma center than after 
(P-:.03). In this study of a patient population suffering severe 
intra-abdominal Injuries, Organ Injury Outcome Analysis demon- 
strates that development of a trauma system significantly im- 
prcves outcome. 

(Arch Surg. 1991;126:578-580) 


Vhe real efficaey of the systems approach to trauma care 
can be most accurately assessed by its impact cn the 
mortality of patients with severe injuries and major physio- 
logie derangemert who would be expected to die without 
rapid and aggressive treatment." Many studies in the United 
. States have demonstrated that a high percentage of deaths 
resulting from trauma are preventable.” Only a few studies 
have examined the overal! quality of trauma care before and 
after the implementation ofa trauma system.'^* These report 





a reduction i in dise pe mortality after implementation of 


ystem of trauma care. To our knowledge, no 
focused on the effects of a trauma care system on 
the outcome of a particular injury normally associated with 
high morbidity and d mortality. Using pancreatic trauma as an 
.. indicator cf severe injury, the outcome of patients sustaining 
J either blunt or penetrating pancreatic trauma was examined 
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through morbidity and mortality before and after the estab- 
lishment of a regionalized trauma system. 


MATERIALS AND METHODS 


Pancreatic injuries treated during two periods were evaluated. 
From 1975 to 1982, 80 patients (10 per year) with pancreatie injury 
were treated in a university-affiliated emergency department whose 
staff was familiar with the treatment of trauma victims. Resuscita- 
tion was initiated by the emergency department physician, and the 
surgeon on call was notified. The operating room and anesthesia 
personnel were notified from both inside and outside the hospital. 
Neither medical personnel nor patient care locations were specifically 
trained or designated for trauma care. In 1983, a regional trauma 
system was organized. This trauma system included the establish- 
ment of a helicopter transport system in 1987. Before then, the fire 
department transported almost all trauma patients using a team of 
one paramedic and one emergency medical technician (this was 
changed to two paramedics only in 1983). Before 1983, an in-house 
surgical team including attending surgeons treated both trauma and 
nontrauma surgical admissions. After 1983, separate trauma teams 
(both including attending surgeons) were established that treated 
only trauma patients. From 1984 to 1987, 58 patients (19 per year) 
with pancreatic injury were treated in the level I trauma center, 
which replaced the emergency department of the earlier period. 
Triage protocols were initiated that routed the most critically injured 
patients to this regional trauma center. The trauma center provided 
dedieated resuscitation rooms, four operating rooms, 12 intensive 
care beds, and dedicated nursing and ancillary service personnel 
specifically to these locations. Anesthesiologists and trauma sur- 
geons were present at all times. Patients with pancreatic injury 
admitted during these two periods were compared as to demograph- 
ies, type of pancreatic injury, associated injuries, treatment, and 
morbidity and mortality. Four charts were incomplete from the first 
period and three from the second, providing detailed analysis of 76 
and 55 patients, respectively. Differences during the two periods 
between overall morbidity and mortality due to hemorrhage were 
assessed using x^ analysis. 


RESULTS 
Demographics and Type of Trauma 
Between 1975 and 1982, 65 males and 11 females were 
admitted with pancreatic injury. Their ages ranged from 2 to 


70 years, the mean age being 32 years. From 1984 to 1987, 43 
males and 12 females with pancreatic injury were admitted. 
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Table 1.—Mode of Injury* 





No. (%) of Cases 
1984-1987 (n=55) 
14 (25) 

14 (25) 


> 1975-1982 (n =76) 
.. Blunttrauma 18 (24) | 

' Knife 

Qu 5 37 (49) 

= Shotgun — 

""Percentages may not total 100 because of rounding. 


Table 2.— Classification of Pancreatic Injury 


No. (%) of Cases 


1984-1987 (n =55) 
29 (53) 





Type of Injury 1975-1982 (n — 76). 
l b. 37 (49) 


Hc 20 (26) 11 (20) | 


Table 3. — Associated Injuries 


1975-1982 1984-1987 
Penetrating — Blunt 
à Injuries, injuries, 
No. No. 


Penetrating Blunt 
injuries, injuries, 


Their mean age was 35 years. The modes of injury were 
similar during the two periods (Table 1). Blunt trauma ac- 
counted for approximately 25% of injuries, and the distribu- 
tion of penetrating trauma among knife, gun, and shotgun 
injuries was not significantly different between the two 
periods. 


Type of Pancreatic Injury 






injuries were classified as type III. The distribution among 
injury classifications was similar between the two periods, 


with slightly m 
the earlier, and slightly more type III injuries in the earlier 


Associated injuries were present in 95% of patients from 
the earlier period and in 97% of patients from the later period, 
with the liver and stomach being the most common visceral 
organs injured /Table 3). During both periods, survivors had 
. an average-of approximately 2.5 concomitant injuries, while 
& those who died had an average cf approximately 3.6 injuries. 
< Considering mechanism of injury, although major vascular 
. injuries occurred in only one patient with blunt trauma in the 
= entire series, nonpancreatic injuries were very often associ- 

| ated with penetrating wounds in both periods. 
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Table 4. — Surgical Treatment* | 


No. (%) of Cases 


Treatment _ 1975-1982 (n= 76) 
Drainage 
Resection 
Diverticularization 
Whipple's operation 
Decompression - 
. None 


| 1984-1987 (n=55) 






9 (12) 
*Percentages may not total 100 because of rounding. 


Table 5.—Mortality - 


No. (%) of Cases 


Condition 1975-1982 1984-1987 - 
Hemorrhage 13 (81) 3 00). 
Sepsis 3 (19) 209) . 
Coaguiopathy 0 4A (20) RE | 
Pancreatitis 0 q190 
Total 16 (21)* 


*Percentages reflect number of deaths among all patients in each group 
(1975-1982, n= 76; 1984-1987, n= 55). 


Treatment 


Operative management of pancreatic trauma during tne 
two periods was comparable (Table 4). Drainage was the mest 
common method of treatment. Type I injuries were drained 
by either Penrose, sump, or closed-suction devices for 7 to 10 
days (no Penrose drains were used in the more recent period). 
Distal pancreatectomy for type II injuries was used in 22% 
and 32% of patients in the early and later periods, respective- 
ly. Resection was performed with suture or stapled closure of 
the pancreatic remnant. The most complex type-IH wounds 
were managed with duodenal diverticulization or pancreaz- 
coduodenectomy in the first period. Triple-tube decompres- 
sion replaced these methods of treatment during the second 
period.’ Less severe type III injuries were managed with 
pancreatic resection and duodenal repair. Five patients in the 
first group died on the operating room table from exsanguina- 
tion and had received no treatment for pancreatic injury. 
Statistical analysis demonstrated no significant differencesin 
age, sex, mechanism of injury, type of injury, number and 
type of associated injuries, or treatment between patients 
from both periods. 


Morbidity and Mortality 


Between 1975 and 1982, eight patients (11%) surviving 
beyond the perioperative period had morbidity related to 
pancreatic injury. Three patients had pancreatic. fistulas; 
two, pseudocysts; two, pancreatitis; and one, pancreatic ab- 
scess. Nine patients (17%) admitted between 1984 and 1987 
survived beyond the perioperative period and had similar 
morbidity. Two had pancreatic fistulas; two, pseudocysts; 
two, abscesses; and two, pancreatitis. —— 

Sixteen (2196) of the 76 patients treated between 1975 and 
1982 died (Table 5). Thirteen (8196) of the 16 patients died 
from hemorrhage on the operating table or in the recovery 
room. The three remaining patients died more than 24 hours 
after surgery from pulmonary and renal failure. Seventy-five 
percent of the patients who died during this period had sus- 
tained penetrating wounds. Five (9%) of the 55 patients treat- 
ed between 1984 and 1987 died. Four had suffered penetrat- 
ing trauma. Only one death was due to hemorrhage, and two 
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were due to multiple organ failure. The-one patient who died 
of coagulopathy arrived at the resuscitation room without 
vital signs and had injuries to his left ventricle, superior 
mesenteric vein, renal veins, and lung. He died 2 days after 
surgery cf bleeding from his chest. By relative risk, a patient 
was 2.67 times more likely to die and 17 times more likely to 
exsanguinate before the establishment of the regional trauma 
center (P<.03). 


COMMENT 


The Committee on Fractures of the American College of 
Surgeons, knowr: today as the Committee on Trauma, initial- 
ly addressed the care of the critically injured in 1922.° With 
the exception of military conflicts, the problem received little 
attention during the next 30 years. The quality of care deliv- 
ered to victims of motor vehicle accidents was first examined 
in 1955 by Zollinger,” who asserted that the problem required 
increased attention. Subsequently, Van Wagoner’ docu- 
mented the need for improved physician training in trauma. 
Autopsies and reviews of several series of fatal injuries have 
revealed errors in diagnosis and management.*” It has since 
been documented that the conventional approaches to trau- 
ma, the "neglected disease of modern society," have resulted 
in potentially preventable deaths in 25% to 50% of patients. ^" 

Some studies have demonstrated that fewer preventable 
deaths oceur after establishment of trauma care systems. 
Cales' decumented a 19% decrease (from 34% to 15%) in 
preventable deaths after implementation of a trauma care 
system in Orange County, California. Shackford et a! demon- 
strated that in San Diego County the preventable death rate 
dropped from 14% to less than 3% after trauma care was 
regionalized. In that study, survival of patients with trauma 
scores of less than eight significantly improved during the 
first year of trauma care regionalization. ' 

Our report illustrates two important points: (1) Implemen- 
tation of the regional trauma system concentrated critical 
injuries in the level I trauma center, and care of pancreatic 
injuries doubled between the two eonsecutive periods (from 
10 to 19 per year), and (2) Mortality significantly decreased in 
patients with panereatie injury after establishment of the 
level I trauma center. 

Before establishment of the trauma care system, the uni- 
versity-affiliated emergency department staff treated most 
patients with penetrating wounds in Memphis and Shelby 
counties, Tennessee (approximate population, 900 000; ap- 
proximate area, 730 square miles). Patients with blunt inju- 
ries were transported to the nearest hospital. After the re- 
gional trauma system was implemented, triage protocols 
based on guidelines of the Committee on Trauma of the Amer- 
ican College of Surgeons routed seriously injured vietims of 
penetrating and blunt injuries to the level I trauma center. 
The Mid-South region served by the trauma center included 2 
million people within roughly 100 miles of Memphis, Tenn. 
Did increasing the volume of pancreatic injuries managed 
contribute to reduetion in mortality? Although the reduction 
in mortality in this study clearly is due to many factors besides 
increased institutional experience, conventional wisdom die- 
tates that in nearly all difficult, infrequent endeavors, out- 
come improves when the infrequent events are concentrated. 
. Luft et al" have shown that increased experience with high- 
risk procedures results in lower mortality. 

The mortality reduction was maltifactorial. A helicopter 
program was begun, care of injury victims before arrival at 
the hospital was coordinated using a sophisticated communi- 
cations metwork with centralized medical control, and the 
level I trauma center was implemented. The improved results 
primarily were due to the significant reduction in mortality 
from hemorrhagic shock. The trauma team, incorporating 
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dedicated ancillary and nursing personnel to facilitate rapid 
resuscitation, in-house trauma surgeons, and anesthesiolo- 
gists, was very important in the reduced mortality. Thus, 
after the trauma center was established, surgery was more 
expeditious, and surgical technique was more facile, with 
rapid retroperitoneal mobilization and vascular control. 

We believe the basic method of Organ Injury Outcome 
Analysis employed in this study ean be a useful tool for quality 
assurance in trauma care. The concept is to identify an injury 
associated with high morbidity and/or mortality and analyze 
various outcomes. Pancreatic trauma is an ideal organ injury 
for such analysis; mortality from this condition was recently 
reported to be between 16% and 20%." Hemorrhagic shock 
frequently accompanies pancreatic trauma due to the pancre- 
as’ location amid major vascular structures. The pancreas also 
possesses innate abilities to precipitate complications via en- 
zymatic autodigestion. Complex hepatic injuries, aortic inju- 
ries, and other major vascular injuries are suitable for similar 
analysis. 

This quality assurance approach could be applied both in- 
trainstitutionally and interinstitutionally. It was applied in- 
trainstitutionally in this study. Mortality decreased when our 
institution was organized into a trauma center. As potentially 
important variables in any institution change, their impact on 
care can be analyzed over time by Organ Injury Outcome 
Analysis. Interinstitutional quality assurance could also be 
accomplished through such analysis, which might also be a 
valuable adjunct to interinstitutional comparisons of raw 
mortality data according to injury severity score stratifica- 
tion, Both strengths and weaknesses of an institution could be 
examined using this procedure. For this method to properly 
evolve, reasonably sophisticated and uniform organ injury 
stratification systems must be developed. Such stratification 
systems are being studied by the American Association for 
the Surgery of Trauma, with particular emphasis on estab- 
lishing uniformity. As trauma systems have reduced prevent- 
able deaths during the last decade, perhaps future in-depth 
data analysis during both prospective clinical trials and quali- 
ty assurance studies will further improve trauma care. 
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sepatic function, or a historyeaf kidney or liver disease. Renal Effects: As with other NSAIDs, long-term administration to 
«nimals resulted in renal papillary necrosis and other abnormal renal pathology. In humans, hematuria and proteinuria have 
wccurred in long-term trials with oral ketorolac with a frequency and degree similar to aspirin. A second form of renal toxicity 
Nas been seen in patients with conditions leading to a reduction in blood volume and/or renal blood flow. In these patients, an 
SAID may precipitate overt renal failure. Patients at greatest risk are those with impaired renal function, heart fadure, liver 
Aysfunction, taking diuretics, and the elderly. Discontinuation of the NSAID is typically followed by recovery. Use wih caution 
^ patients with impaired renal function as reduced creatinine clearance results in reduced clearance of the drug. Fo'low such 
watients closely. Fluid Retention and Edema: These have been repcrted with NSAIDs; use TORADOL with caution im patients 
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combination on template bleeding time or kaolin cephalin clotting time. There is no evidence that TORADOL induces or inhibits 
the hepatic enzymes capable of metabolizing itself or other drugs. Some NSAIDs inhibit renal lithium clearance, leading to 
increased plasma concentration. This has not been stud ed with TORADOL. Some NSAIDs reduce the clearance of 
methotrexate, enhancing its toxicity. This has not been studied with TORADOL. TORADOL has been administered concurrently 
with morphine in clinical trials without adverse interactions. Carcinogenesis, Mutagenesis. and Impairment of Fertility: 
Studies in mice ard rats at oral doses equal to or 2.5 times the parenteral MRHD (Maximum Recommended Human Dose). 
respectively, showed no evidence of tumorigenicity. Ketorolac was not mutagenic in tests with S. typhimurium, S. cerevisiae, 
or E. coli and did mot cause chromosome breakage in the /n vivo mouse micronucleus assay. Impairment of fertility did not 
occur in male or female rats at oral doses 4.5 and 8 times the parenteral MRHD, respectively. Pregnancy: Pregnancy Category 
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be used during pregnancy only if clearly needed and no known safer alternatives are available. Labor and Delivery: TORADOL is 
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woman. Pediatric Use: TORADOL is not recommended for use in children. Use in the Elderly: Because ketorolac is cleared 
more slowly by the elderly, who are also more sensitive to renal effects of NSAIDs, use extra caution and reduced dosages when 
treating the elderly. Adverse Reactions: Adverse reaction rates from short-term use of NSAIDs are generally 1/2 to 1/10 
the rates associated with chronic usage. This is also true for TORADOL. In studies of patients treated for up to | year, the 
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complications of NSAID treatment. The adverse reactions listed below were reported te be probably related to TORADOL in 
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Subjects did not shaw any symptoms or signs of withdrawal upon abrupt discontinuation of IV or IM dosing. Patients receiving 
TORADOL orally fcr = 6 months have not developed tolerance and there is no pharmacologic basis to expect addiction. 
TORADOL did not exhibit activity in classical animal studies which are reasonable predictors of opiate analgesic action. /n 
vitro, TORADOL does not bind to opiate receptors. Thus, TORADOL does not have central opiate-like activity. Overdosage: 
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single oral doses > 100 mg/kg in rats, mice and monkeys, symptoms such as decreased activity, diarrhea, pallor labored 
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Selective Splenocaval Shunt 


Report of 26 Cases and Review of the Literature 


Hussein M. Atta, MB, BCh; J. Michael Hendersen, FRCS; Jehn R. Galloway, MD; William J. Millikan, MD 


o Splenocaval shunting was performed in:26 patients for the 
treatment of variceal bleeding. The indications for this alternative 
selective shunt were congenital anomalies o! the left renal vein, 
inadequate outfiow from the left renal vein on preoperative ve- 
nography, or an anatomic relationship of the:splenic vein favor- 
ing direct splenocaval rather than splenorenal anastomosis. 
Téchnical considerations in which splenocaval shunts differ 
from distal splencreral shunting relate to exposure of the vena 
cava. Operative mortality was 7.7% (2/26). Immediate shunt pa- 
tency wes documentad in 23 of 24 patients studied, and all 14 
shunts studied at 13 to 57 months were patent. Portal perfusion 
was maintained in 95% (20/21) of the patients when studied at 7 to 
10 days after shunting and in 57% (3/14) at iate follow-up. This 
experience with distal splenocaval shunting has reaffirmed its 
piace as an alternative technique to selective distal splenorenal 
shunts, particularly when t^e left renal vein is abnormal. 

(Arch Surg. 1991;126:582-585) 


he selective distal splenorenal shunt (DSRS) was devel- 
oped to accomplish the physiologic goals of selective 
transsplenie decompression of gastroesophageal varices and 
preservation of portal perfusion of the cirrhotic liver by main- 
taining a high veneus pressure in the intestinal bed.’ To 
achieve this, the operation requires both a: selective shunt of 
the gastroesophageal-splenic venous bed for decompression 
of the varices, and isolation of the portal hypertensive mesen- 
teric bec from this shunt to maintain perfusion of the liver. 
The shunt componen: of DSRS is achieved by divicing the 
splenic vein at its junction with the superier mesenteric vein 
and bringing that end down to anastomosis with the left renal 
vein. However, techr ical factors may make this anastomosis 
difficult. In a few patients, the left renal vein may not be 
suitable owing to congerti tal anomaly or prior surgery.”* In 
patients with massive splenomegaly (> 1000 cc), the long and 
tertuous splenic vein may lie at or below the level of the left 











Accepted for publication August 11, 1990. 

From the Department of Surgery, Emory University School of Medicine, 
A&lanta, Ga. | 

Reprintrequests to Department of Surgery, Room F-511, Emory University 
Hospital, 1384 Clifton Rd NE. Atlanta, GA 20322 (Dr Henderson). 


, 882 Arch Surg— Vo: 126, May 1991 


renal vein, making the anastomosis technieally difficult be- 
eause the splenic vein is directly in front of or below the renal 
vein. Finally, a left renal vein that uses lumbar and gonadal 
vessels as outflow tracts at preoperative study can be antici- 
pated to develop renal vein hypertension and inadequate 
variceal decompression from the extra volume of flow 
through the shunt." 

These problems can be overcome, and the principles of 
selective shunts upheld, by using a direct splenocaval shunt 
(SCS) when the left renal vein is not suitable for DSRS.° We 
present the experience with SCS at Emory University School 
of Medicine, Atlanta, Ga. 


PATIENTS AND METHODS 
Patients 


Twenty-six patients underwent SCS between November 1978 and 
January 1990. This study is a retrospective review of this experience. 
The age of the patients ranged between 11 and 86 years, with a mean 
(+ SD) of 52 + 19 years. There were nine male and 17 female patients. 
The eauses of portal hypertension were as follows: 11 patients had 
posthepatic cirrhosis, six had alcoholic cirrhosis, four had extrahepat- 
ie portal vein thrombosis with normal livers, four had primary biliary 
cirrhosis, and one had myelofibrosis. All patients had a history of 
variceal bleeding except for the one patient with myelofibrosis. 
Shunting was selected as primary therapy in 14 patients and follow- 
ing failure of sclerotherapy in 12. Disease in 14 patients was classified 
as. Child's class A, in five as Child's class B, and in seven as Child's 
elass C. 

The indieations for SCS were as follows: eight patients with mas- 
sive splenomegaly had their left renal vein superior to the splenic 
vein, seven patients had a circumaortic left renal vein, one patient 
had a stenotic left renal vein, one patient had left-sided inferior vena 
caya, and two patients had failed DSRS. The other seven patients had 
long splenic veins when dissected out of the pancreas and had a 
splenoeaval anastomosis, as the surgeon deemed this technically 
easier than splenorenal anastomosis. 

Angiography was done preoperatively with the following compo- 
nents: (1) hepatic wedge pressure and venography; (2) superior mes- 
enterie arteriography with venous phase to define the degree of 
portal perfusion; (3) splenie arteriography with venous phase to 
define the location of the splenie vein and the extent of coronary 
azygos collaterals; and (4) left renal venography to define the anatom- 
ie relationships. of the left renal vein and inferior vena cava to the 
splenie vein. Postoperative angiography, at 7 to 10 days and at late 
follow-up, included shunt catheterization with pressure measure- 
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Fig 1.—Diagram of splenocaval shunt. The splenic vein tends to be 
like a concertina when there is splenomegaly and is of sufficient length 
to reach the vena cava when dissected free of the pancreas. The fourth 
portion of the duodenum must be displaced downward to gain access 
across to the vena cava. 


ments across the anastomosis and superior mesenteric angiogra- 
phy. ' 


Operative Technique 


The abdominal cavity is opened through a long left-sided subcostal 
incision extended across the right rectus muscle. The lesser sac is 
entered by dividing the gastrocolic ligament from the lowest short 
gastric vein to the pylorus, interrupting the gastroepiploic arcade at 
several points. The retroperitoneum between the fourth part o? the 
duodenum and the inferior border of the pancreas is incised to enter 
the retropancreatic plane. Complete dissection of the inferior border 
of the pancreas allows the gland to be reflected superiorly and cepha- 
lad from the superior mesenteric vein to the tail of the pancreas. At 
this time, the splenic vein can be palpated or visualized in the pancre- 
as. The splenic vein is dissected following these rules: (1) dissection is 
done between the vein and the investing adventitia; (2) the posterior 
surface is dissected before the anterior surface; (3) the splenic vein- 
portal vein junetion is controlled; (4) delicate pancreatic venous tribu- 
taries are ligated and divided with care; and (5) dissection of the vein 
should be of sufficient length to reach the inferior vena cava. If the 
splenic vein is not long enough, an interposition graft may be 
required. 

Exposure of the infrarenal inferior vena cava requires taking down 
the ligament of Treitz to free the fourth part of the duodenum caudad. 
Dissection then crosses in front of the aorta and behind the superior 
mesenteric artery to identify the inferior vena cava in the retroperi- 
toneum. The cava is mobilized from the right gonadal vein to the left 
renal vein for side-clamping. 

The anastomosis is fashioned like a conventional DSRS and must be 
done without tension. After removing a 1-cm button from the anterior 
surface of the cava, the superior and inferior corners of the splenic 
vein are anchored. The back row is sewn with a 5-0 continuous suture. 
The anterior row is completed by using interrupted 5-0 vascular 
sutures.” When an interposition graft is required, we have used 
polytef (PTFE) grafts of 12 to 14 mm. This graft is initially sewn to the 
cava, and the anastomosis of the splenic vein to the graft is made 
second. Figure 1 shows a diagram of the vessel relationships and 
anastomosis. 

Finally, the left and right gastric veins are identified and ligated to 
complete the disconnection. The left gastric vein is divided in its 
suprapancreatie course but in addition is clipped at its junction with 
the portal vein if possible. The right gastric vein is ligated above the 
pylorus. 
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RESULTS 


The status of 24 of the 26 patients was known. Eight 
patients in this series have died, 14 have had follow-up studies 
from 13 to 57 months, and two have had shunts within the past 
6 months. Two patients were unavailable for follow-up. 

Four patients underwent emergency shunting, while 22 
underwent an elective procedure. Interposition grafts were 
used to bridge the gap between the splenic vein and the 
inferior vena cava in four patients in whom the splenic veins 
would not reach the cava and the renal veins were unsuitable 
for anastomosis. Blood loss during the SCS ranged between 
400 and 4000 mL, with a mean of 1140 +885 mL. The opera- 
tive time ranged between 1 hour 45 minutes and 5 hours 25 
minutes, with a mean of 3 hours 40 minutes. 

Variceal bleeding was controlled in all but one patient, who 
required subsequent sclerotherapy. While transient postop- 
erative ascites was common in the first week, no patient had 
long-term uncontrolled ascites. None of the 14 patients evalu- 
ated at late follow-up had clinical encephalopathy, but precipi- 
tated, easily reversible encephalopathy occurred in three 
patients. 


Mortality 


Two patients died in the perioperative period, for an opera- 
tive mortality of 7.7%. One of these deaths was due to acute 
respiratory failure 19 days after emergency SCS, and the 
other was due to hepatorenal failure at 17 days after shunting. 
Both patients disease was Child's class C. 

Late death occurred in six patients from 2 to 48 months 
after shunting. An 86-year-old patient died 7 months after her 
shunt of bleeding associated with diverticular disease. The 
patient with myelofibrosis died of complications of her dis- 
ease. One patient, who had an interposition SCS, died of renal 
cell carcinoma. Two died of progressive liver disease, and tne 
cause of death was not known for the last patient. 


Shunt Patency and Portal Perfusion 


Shunt patency was documented at 7 to 10 days in 23 of 24 
studied patients. Two patients did not have early postopera- 
tive angiographic shunt studies. There was one documented 
shunt thrombosis in a patient with extrahepatic portal vein 
thrombosis. The pressure gradient between the splenic vein 
and the inferior vena cava was measured in 14 of these pa- 
tients: it ranged from 0 to 10 mm Hg, with a mean of 
4.23.1 mm Hg. In the four patients with interposition 
shunts, one died postoperatively, and the other three had 
early documented patency at 1 week. Late patency (6 to 57 
months) was documented in all 15 patients studied at a mean 
follow-up of 35+14.5 months. Two of the three surviving 
patients with polytef grafts have documented late shunt 
patency. 

Portal perfusion of the liver was documented to be main- 
tained in 20 (9596) of the 21 patients who had superior mesen- 
teric arteriography at early postoperative study. Portal per- 
fusion at late follow-up was maintained in eight patients and 
lost in six. 


COMMENT 


The pathophysiologic aim of selective shunts is to provide a 
low-pressure decompressive path for the gastroesophageal 
varices while maintaining portal hypertension in the splanch- 
nic-hepatie axis, thus maintaining portal venous perfusion 
and hepatic function in the cirrhotic liver.” Many studies have 
shown that these physiologic goals can be achieved and that 
variceal bleeding is well controlled over the long term with 
the splenorenal anastomosis. 

In certain circumstances, the use of DSRS may not be 
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Fig 2.— Circumaortic let renal vein. Injection of the inferior ramus of 
the left renal vein (retroaortic) demonstrates the circumaortic ring. The 
larger retroaortic limb in this patient would provide a poor outflow for 
standard distal splenorenal shunt. 
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Fig 3.— Inferior vena cava study showing left-sided infrarenal inferior 
vena cava. This crosses over the midline at the level of the left renal 
vein for a right-sided intrahepatic inferior vena cava. 





feasible. Congenital anomalies of the left renal vein may rule 
out DSRS. Three main anatomic variants of the left renal vein 
occur. The normal left renal vein is preaortic and is formed by 
the persistence of the ventral limb and regression of the 
dorsal limb of the renal venous collar. This occurs in 80% to 


584 Arch Surg— Vo! 126, May 1991 





Fig 4.—Left renal vein drainage through multiple paraspinal collater- 
als. No free drainage to the inferior vena cava was detected during the 
study. Distal splenorenal shunting into this vein would give inadequate 
outflow; a splenocaval anastomosis is preferable. 


90% of the population. The retroaortic type, due to persis- 
tence of the dorsal limb only, occurs in 6% to 17%. The 
circumaortic type (Fig 2), which is due to persistence of both 
dorsal and ventral limbs, occurs in 2% to 3%. Rarely, a 
supernumerary left renal vein occurs in 1%.™ A left-sided 
inferior vena cava (Fig 3), another rare congenital anomaly 
that may be associated with an inadequate outflow for the left 
renal vein, is due to persistence of the supracardinal vein. The 
incidence of a left-sided inferior vena cava has been estimated 
to be 0.2% to 0.5%.” Conversely, it has been documented that 
a nonfunctioning left kidney or a left-sided nephrectomy does 
not always preclude a standard DSRS.*" 

Splenocaval shunting offers an alternative shunt to DSRS 
for patients with preoperative left renal vein angiographic 
findings that suggest an increased risk for the development of 
renal vein hypertension postoperatively. The preoperative 
findings that suggest a potential problem include retrograde 
filling ofthe left renal vein tributaries, such as the gonadal or 
paraspinal veins (Fig 4). Such left renal veins do not show a 
pressure gradient to the vena cava at preoperative evalua- 
tion, as the collaterals have compensated for the impaired 
outflow. However, the risk of renal vein hypertension is high 
postoperatively and is diagnosed when a pressure gradient of 
10 mm Hg or more exists between left renal vein and inferior 
vena cava and there is no pressure gradient across the anasto- 
mosis. ™” 

Emergency shunts for continuing variceal bleeding should 
try to achieve immediate and effective variceal decompres- 
sion. Concern over using DSRS in the emergent case has 
questioned the adequacy of left renal vein outflow in allowing 
immediate decompression. A potential solution is to bypass 
the left renal vein, if the anatomy permits, and go directly to a 
splenocaval anastomosis. Although SCS is not technically 
easier than DSRS, its immediate excellent decompression of 
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the E varices and its selectivity make it a 
useful alternative for DSRS in the emergency situation. 
The high patency rate of more than 95% is not different 

m that obtained with conventional DSRS. The only docu- 
‘mented shunt occlusion in this series was in a patient with 

xtral epatic portal vein thrombosis. This was possibly due to 
the small ; size of the splenic vein in this patient, which was 
| over the aorta to reach the vena cava. The use of 
e grafts is generally not thought to be advisable in the 
item owing to the high risk of occlusion. The 24% 
f pre sthetic mesocaval or mesorenal shunts doeu- 
mented by. our group" occurred in longer Daeron grafts of a 
side-to-side type. The high flow of an *end" venous outflow in 
the four patients i in this study, and the use of short segments 
(4 to 5 em) of large-caliber (12- to 14-mm) polytef grafts, may 
diminish the risk of occlusion, but longer follow-up is 
required. 

Several reports have evaluated SCS.'"*" Orozco and his 
associates“ were the first to publish their experience. They 
correetly concluded that SCS does not replace DSRS but 
provides an alternative choice for selective shunting. A re- 


















port from India by Bhalerao and his colleagues” suggested 
that SCS was superior to DSRS. This conclusion was based on 
their higher hospital mortality for DSRS (40%) than for SCS 
(20%). Their mortalities were higher than most reported in 
the literature. Guharay et al,^ in a series of 19 SCS proce- 
dures with !arge-caliber Dacron interposition grafts, re- 
ported one late mortality at 3 months due to graft infection. In 
a further series of 10 children, they reported an end-cavai- 
to-side-splenic shunt as an alternative means of decompres- 
sion.' 

In summary, we have found that SCS accemplishes the 
principal physiologie goals of selective shunts attained with 
DSRS: decompression of the gastrosplenic compartment to 
control variceal bleeding and maintenance of portal perfusion. 
We believe SCS is an alternative to DSRS in the surgical 
treatment of variceal bleeding. 


This study was supported in part by Public Health Service General Clinical 
Research Center grant 5M01RR00039, National Institutes of Health, Bethes- 
da, Md, and by the Peace Fellowship Program of the Arab Republie of Egypt 
(Dr Atta). 
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Surgical Anatomy Question 





E The lateral pectoral nerve is lateral to the medial pectoral nerve. [True or False?] 
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1. Grant JCB: A Method of Anatomy. 5th ed. Baltimore, Md: Williams & Wilkins; 1952:91. 
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Bacterial Translocation Induces Procoagulant 


Activity in Tissue Macrophages 


A Potential Mechanism for End-Organ Dysfunction 


Barry J. Sullivan; Carol J. Swallow, MD; Murray J, Girotti, MD; Ori D. Rotstein, MD 


® The ability of bacterial translocation to induce cell-associ- 
ated procoagulant activity was examined in a rodent model. 
intestinal decontamination with streptomycin sulfate and baci- 
tracin followec by oral feeding with a streptomycin-resistant 
strain of Escherichia cof produced monoassociation of the gas- 
trointestinal tract with this microorganism. Using this model, the 
rate of bacteria’ translocation at day 3 increased from 6% (1 of 17) 
to 90% (28 of 31). Cell-associated procoagulant activity was 
measured in the mononuclear cell population of mesenteric 
lymph nodes as well as portal anc systemic blood and also in 
hepatic nonparenchymal cells. in monoassociated animals, the 
procoagulant activity of mesenteric lymph node mononuclear 
celis was significantly greater than in control animals at day 3 
(210% = 28% vs 100% + 5%) but not at days 1 or 6. Procoagulant 
activity of hepatic nonparenchymal celis was elevated in mono- 
associated animals at deys 3 and 8 compared with control ani- 
mais. Both control and monoassociated animais remained well 
throughout the experiment. The histologic features of the gastro- 
intestinal tract. mesenteric nodes, and liver did not differ be- 
tween groups. These studies provide evidence that bacterial 
so translocation, in the absence of external stimuli, is able to induce 
=o cell activation at sites remote from the gastrointestina! tract and 
-.. may therefore contribute to the pethogenesis of multiple organ 
—' failure. 
|. (Arch Surg. 1991:126:586-590) 











he syndrome of mi i 
o4 cal intensive care unit i is associated with a high mortality 
rate ranging from 30% to 100%. For example, patients with 
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intra-abdominal abscesses developing dysfunction in two or 
more organs have a mortality rate that exceeds 70%.' Howev- 
er, despite the frequent oceurrence of MOF among critically 
il surgical patients, its pathogenesis remains poorly under- 
&ood. Early studies doeumented a strong association be- 
tween organ failure and the presence of uncontrolled, often 
cceult, infection.” It was postulated that bacteria (and their 
produets) originating from these infected foci might cause 
remote organ dysfunction leading to MOF. Subsequent stud- 
iss, however, documented the development of MOF in pa- 
tients with no defined focus of infection.” To explain this 
&pparent contradiction, the concept of the gastrointestinal 
(GD) tract as a potential reservoir for bacteria and their prod- 
ucts in these noninfectious clinical conditions was proposed.‘ 
several clinical examples document the ability of the GI 
tract to serve as a source of microorganisms for remote infec- 
"ion. Neutropenic patients frequently sustain bacteremias 
with species originating in the GI tract.’ Recent studies by 
Marshall and colleagues" have documented a correlation be- 
“ween upper GI tract flora and the microorganisms causing 
remote infection in critically ill surgical patients. Finally, 
direct evidence is derived from an experiment in which inges- 
zion of large quantities of Candida albicans led to candidemia 
and candiduria within 3 hours.’ By contrast, evidence sup- 
porting the role of the GI tract as a reservoir for bacteria 
and/or endotoxin leading to sepsis and MOF is more indirect. 
In general, stimuli known to induce MOF in man, such as — 


trauma, hypotension, burns, endotoxemia, and inflammatory i 
stimuli, have been shown in experimental models to cause 
translocation of bacteria from the GI tract into the mesenteric _ 
lymph nodes (MLNs)*" Despite this apparent association, 
the ability of bacterial translocation per se to induce sepsis 
and/or MOF has not been directly demonstrated. 


Several macrophage-derived mediators have been impli- 


cated as effectors of the pathologic changes found in patients 


with MOF.’ These include toxic oxygen radicals, arachidonic 
acid metabolites, proteases, and various cytokines, One fre- 
quent finding in experimental endotoxemia and clinical MOF - | 
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is the presence of microvascular injury with neutrophil aggre- 
gation and associated fibrin deposition.” Both intravascu- 
lar and extravascular fibrin formation may be stimulated by 
the expression of procoagulant activity (PCA) on the surface 
of macrophages and endothelial cells. The potential role of 
these cells in mediating fibrin deposition in MOF may be 
particularly relevant because PCA in both cell types can be 
induced by bacteria and endotoxin.” The purpose of the 
present study was to examine the ability of bacterial translo- 
cation, in the absence of other external stimuli, to induce 
macrophage PCA as a potential mechanism by which the GI 
tract might serve as a reservoir of bacteria causing remote 
cell activation and possibly contributing to the pathogenesis 
of MOF. 


MATERIALS AND METHODS 
Preparation of Bacteria 


Stock cultures of Escherichia coli C25 were maintained refriger- 
ated on a slant of nutrient agar (NA; Difeo Laboratories, Detroit, 
Mich). This streptomycin-resistant strain has been previously used in 
several studies investigating bacterial translocation in rodent mod- 
els." Escherichia coli were prepared for use by inoculating 20 mL of 
brain heart. infusion broth (Difco Laboratories) with a loop sample 
from a stock plate. After incubation at 37°C for 18 hours in a shaker 
bath, bacteria were washed twice by centrifugation at 1600g for 20 
minutes and suspended in sterile isotonic saline. Bacterial numbers 
were estimated by densitometry and viable numbers were precisely 
determined by serial dilution and surface plating on NA. 


Selective Intestinal Decontamination and Oral 
inoculation of Rats With E coli C25 


Male Wistar rats weighing 200 to 250 g were obtained from Charles 
River Breedirg Laboratories, Wilmington, Mass. The GI tract of 
animals was cvergrown with E coli C25." Briefly, animals were 
intestinally decontaminated by adding streptomycin sulfate (2 g/L, 
. AGH Standard, Toronto, Ont) anc bacitracin (2 g/L, Upjohn Co, 
‘Toronto, Ontario) to their drinking water. Four days later, animals 
were orally inceulated with 1 mL of E coli C25 containing 10° eolony- 
forming units per milliliter. This day constituted day 0 of the experi- 
mental period. Animals subsequently received oral antibiotics antil 
they were killed on day 1, 3, or 6. Animals undergoing intestinal 
decontamination followed by feeding with E coli C25 were designated 
“monoassociated” due to the overwhelming predominance of this 
microorganism in their GI tract flora (approximately 99.999% of zotal 
bacteria). Contro! animals were not orally decontaminated with anti- 
biotics so as to maintain their normal intestinal flora. 


Experimental Protocol 


Sterile techrique was used during all experimental manipulations. 
On day 1, 3, or 6, control animals or monoassociated animals were 
anesthetized using a mixture of halothane-nitrous oxide, and a mid- 
line laparotomy incision was performed. A heparinized syringe with a 
23-gauge needle was used to aspirate 5 mL of blood from the portal 
vein or the inferior vena cava. The animal was then killed by exsan- 
guination. The MLN chain draining the proximal jejunum to the 
cecum was excised. Two nodes were separated for bacterial culture 
and the remainder placed in a Petri dish containing RPMI 1640 
(RPMI, Flow Laboratories, Mississauga, Ontario) for assessment of 
PCA. The liver was then removed and placed in RPMI containing 
collagenase H (1 mg/mL, Boehringer-Mannheim, Mannheim, West 
Germany). 


Preparation of Cells for PCA Determination 


To obtain mononuclear cells, heparinized blood was diluted in 
RPMI at a 5:1 to 6:1 dilution. Mononuclear cells were then isolated 
over Ficoll-Hypaque gradients (density, 1074 g/L) by centrifugation 
at 22°C at 3000 rpm for 15 minutes.” Cells at the interface were 
collected and were found to contain less than 2% neutrophils by 
microscopic analysis. Cells were washed three times, resuspended in 
. RPMI at 5x 10 mL, and frozen at — 70°C, 

The MLNs were finely minced using a scalpel blade. The resulting 
_ glurry was passed across glass wool to remove the majority of fibrous 
. material. The cellular suspension was then centrifuged at 400g for 10 








minutes and resuspended to a cor.centration of 10 x 10°/mL in REMI 
for freezing in 1-mL aliquots. The percentage of macrophages in the 
cell suspension was estimated with morphologic analysis under a light 
microscope after staining with Wright's stain. 

The liver was finely minced while incubating in the collagenase 
solution for 1 hour at room temperature. The slurry was then passed 
through glass wool and spun at 59g for 2 minutes. The supernatant 
containing the nonparenchymal cells was then centrifuged at 400g for 
10 minutes.” Red blood cells in the pellet were lysed by hypotenic 
lysis, and after a further centrifugation at 400g for 10 minutes, calls 
were resuspended in RPMI at 10x 10°/mL for freezing in 1-mL 
aliquots. 


Bacterial Enumeration 


Cecal Contents. —Cecal samples were excised after all other spec- 
imens had been obtained. The excised cecum was placed in a Petri 
plate, weighed, and rapidly transferred to an anaerobic glove box 
(Forma Scientific, Marietta, Ohio). Cecal contents were then serially 
diluted in prereduced Hank's balanced salt solution (Gibeo, Grand 
Island, NY) and surface-plated onto NA, NA-containing streptomy- 
cin sulfate (100 mg/L), and colistin-nalidixic acid bleod agar plates. 
Viable bacterial numbers are expressed as colony-forming units per 
gram of wet weight of cecal contents. 

Blood, MLN, and Liver. — Blood was cultured by surface plating 
200 pL onto NA with or without streptomycin supplementation. A 
0.1-g sample of MLN or liver was ground using a glass tissue grinder, 
diluted in 0.9 mL of brain heart infusion broth, and surface plated onto 
NA plates with or without streptomycin. Bacteria translocating to 
MLNs were expressed as the total number of bacteria per 0.1 g of 
MLN. 


PCA 


After freeze thawing (freezing at — 70°C and thawing to disrupt the 
plasma membrane), cell samples were assayed for their capacity to 
shorten the spontaneous clotting time of normal citrated human 
plasma in a one-stage clotting assay.” Studies by Lando and Edging- 
ton” showed that endotoxin-induced rat monocyte PCA was only 
slightly less effective at shortening clotting time in human plasma 
compared with rat plasma. Because of its availability, human plasma 
was used in these studies. To 80 pL of freeze-thawed cells at 4°C, 
80 pL of citrated normal human platelet poor plasma was added, 
followed by 80 pL of 25-mmol/L calcium chloride to initiate the 
reaction. The time for the appearance of a fibrin gel at 37°C was 
recorded. Clotting times were converted to units of PCA by compari- 
son with a rabbit brain thromboplastin standard (Dade Div, Ameri- 
can Hospital Supply, Miami, Fla) in which 36 mg of-dry weight per 
milliliter was assigned a value of 100 000 mU of PCA. The assay was 
utilized over the range of 1 to 10 000, this range being linear with 
normal plasma substrate. 

Procoagulant activity was expressed as the percentage of the mean 
control PCA obtained in animals killed on the same day. 


Histologic Features 


Samples of jejunum, MLN, and liver from eontrol and monoasso- 
ciated animals were taken from day 3 animals, fixed in 10% formalde- 
hyde, stained with hematoxylin-eosin, and examined with light 
microscopy. 


Statistics 


Data are expressed as the mean SE of samples. Differences 
between control and monoassociated animals were established using 
a one-way analysis of variance followed by a Newman-Keuls multipie- 
comparisons procedure. 

RESULTS 
Animal Welfare 


There were no deaths in either the control or monoassoei- 
ated animals throughout the experimental period. Animals in 
both groups appeared well, showed no evidence-of ruffled fur, 
and ingested food and water normally. 


Model of Bacterial Translocation 
To ensure that intestinal decontamination with streptomy- 
cin/bacitracin followed by feeding of E coli C25 successfully 
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Cecal Bacterial Flora and Bacterial Translocation Rate to 
Mesenteric Lymph Nodes (MLNs) on Experimental Day 3* 


Cecal Flora, log cfu/g No. (%) of 
Rats With 
Bacteria in 
MLN/Total 


Anaerobic No. of Rats 


Control 8.2-—0.6 6.4+0.4 9.5+0.2 1/17 (6) 
Monoassociated 102—0.2 10.2+0.2 3.7+0.1 28/31 (90) 


*The data represent the mean = SE of bacterial numbers measured in the 
cecal flora of three to four animals. cfu indicates colony-iorming units. 


Streptomycin- 
Resistant 


Aerobic Aerobic 





accomplished bacterial evergrowth of the GI tract, viable 
bacterial numbers in cecal contents were enumerated (Table), 
In control animals, the ratio of aerobic to anaerobic baeteria 
was approximately 1:100. Only 1% of aerobic bacteria were 
streptomycin resistant. By contrast, decontaminated animals 
fed E coli C25 had a marked reversal of the aerobe-anaerobe 
ratio. Aerobic bacteria outnumbered anaerobic bacteria by 
approximately 100 000. In addition, approximately 99.999% 
of aerobie bacteria were streptomycin-resistant in this group. 

The altered cecal baeterial flora translated into an in- 
creased rate of bacterial translocation in monoassociated ani- 
mals (Table). Translocation occurred as early as 1 day after 
feeding with E coli C25. Translocating bacteria were uni- 
formly streptomycin resistant in the monoassociated animals, 
and their mean log number was 1.8+ 0.2 bacteria per 0.1 g of 
MLN. 

Intestinal histologic eharacteristics were normal and did 
not differ between the two groups when studied on day 3. 


Effect of Intestinal Monoassociation With 
E coii C25 on PCA 


MLNS (Fig 1). —Mononuclear cell PCA was significantly 
increased in monoassociated animals compared with control 
animals on day 3 (P<.05) but not on days 1 and 6. Previous 
studies have demonstrated the expression of PCA by macro- 
phages but not lymphocytes in mononuclear cell populations. 
The percentage of macrophages in the mononuclear cell popu- 
lations did not differ between control and monoassociated 
animals (9.4% + 0.9% vs 9.1% + 1.4%, respectively [n=8 per 
group]), indicating that the difference was not due to an 
increased number of macrophages in the MLNs of monoasso- 
ciated rats. The bacterial numbers present in MLN did not 
correlate with the magnitude of the rise in PCA. 

Liver (Fig 2).—Procoagulant activity of hepatic nonparen- 
chymal cells was elevated on days 3 and 6 in monoassociated 
animals compared with same-day control animals (P<.025 
and P<.05 for days 3 and 6, respectively). Bacterial cultures 
of homogenized liver parenchyma prior to the separation of 
the nonparenchymal cells were sterile. 

Blood.—There was a small but significant increase in 
mononuclear cell PCA in portal vein blood in monoassociated 
compared with control animals (131% +12% vs 100%+5%, 
respectively [P<.05]) cn day 3. Procoagulant activity mea- 
sured on days 1 and 6 did not differ from that of control 
animals. Measurement of PCA in systemic blood mononuclear 
cells demonstrated no difference between monoassociated 
and control animals throughout the experimental period. 
Blood cultures taken from the portal vein and inferior vena 
cava were uniformly negative. 


Histologic Characteristics 


Mesenterie lymph node and liver histologic evaluations 
were conducted on day 3 in control and monoassociated ani- 
mals. No differences were noted between groups. 
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Day 1 Day 3 Day 6 


Fig 1.— The effect of bacterial translocation on procoagulant activity of 
mesenteric lymph node mononuclear cells in control (solid bars) and 
experimental (monoassociated; hatched bars) animals. Procoagulant 
activity is expressed as the percent of control, and the data represent 
the mean+ SE of samples from nine to 31 animals in each group. 
Asterisk indicates P<.01 vs control. 
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Day 1 Day 3 


Fig.2.— The effect of bacterial translocation on procoagulant activity of 
hepatic nonparenchymal cells in control (closed bars) and experimen- 
tal (monoassociated; hatched bars) animals. Procoagulant activity is 
expressed as the percent of control and the data represent the 
mean + SE of samples from eight to 12 animals in each group. Asterisk 
indicates P<.05 vs control. 


Day 6 


COMMENT 


The clinical syndrome of MOF represents an important 
problem in the surgical intensive care unit.' Evolving con- 
cepts regarding the role of cell-cell interaction in mediating 
clinical disease have suggested the possibility that cell-de- 
rived mediators may be the effectors of end-organ damage in 
MOF.' This concept is particularly attractive in view of the 
close association between infection and MOF, since bacterial 
produets, partieularly endotoxin, are potent stimuli of many 
of these mediator molecules.“ However, the observation that 
several noninfectious stimuli could result in MOF repre- 
sented an apparent contradiction to this notion. To develop a 
unifying hypothesis concerning the pathogenesis of MOF, 
several investigators proposed a reexamination of an old 
concept, ”” originally described in the 1950s, that endotoxin 
egressing from the GI tract might play a role in mediating the 
septic state and MOF. 

The phenomenon of bacterial translocation from the GI 
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' tract into the MLN chain was clearly demonstrated in a series 
of studies by Berg” and Wells et al." To establish a link 
between sepsis, MOF, and baeterial translocation, subse- 
quent studies focused on examiring whether stimuli known to 
induce MOF in man were able to stimulate bacterial trans.oca- 
tion in animal models. In keeping with this concept, bacterial 
translocation was observed in animals in response to trauma, 
hypovolemie shock, endotoxemia, intra-abdominal infection, 
and burns.*=” In addition, in parallel with the finding in 
animals that malnutrition exaggerated bacterial trans.oca- 
tion induced by endotoxemia,” malnutrition worsens the 
prognosis in patients with postoperative ^ septic 
complications." | 

Despite such associations, these studies did not address 
issues relating to the pathogenesis of MOF. The present 
studies examine the hypothesis that bacterial translocation is 
able to induce macrophage activation at sites remote from the 
GI tract. The model used in these experiments causes bacteri- 
al translocation by overgrowth of the GI tract with a strepto- 
mycin-resistant strain of E coli. In agreement with previous 
reports," animals remained well, ingested food normally, and 
showed no histologic abnormalities in the intestine. Bacterial 
translocation to the MLN was documented as early as 1 day 
after monoassociation of the GI tract. Using this model, ele- 
vated PCA was observed in MLN mononuclear cells and 
hepatic nonparenchymal cells by day 3 following monoassocia- 
tion. Portal vein blood mononuclear cells demonstrated a 
small but significant increase at day 3, while PCA remained at 
control levels in systemic blood throughout the experimental 
period. One possible explanation for the observed increase in 
PCA was that the antibiotic decontamination directly or indi- 
rectly contributed to cellular activation. To rule out a direct 
effect. of straptomycin/bacitracin on induction of PCA, ani- 
mals were orally decontaminated with this regimen without 
. -gavage with E coli C25 and compared with untreated control 
‘animals, Antibiotic decontamination reduced bacterial num- 
bers in the Gl tract, was not associated with bacterial translo- 
cation (none of four animals at day 3), and did not induce PCA 
in hepatie nonparenehymal cells (100% + 10% vs 89% + 16% in 
control vs antibiotic-treated animals, respectively; n=4 per 
group [P>.i]). Thus, the observed elevation in PCA was 
unlikely due to a direct effect of the antibiotics or some 
indirect effeet related to GI tract decontamination. 

There was no correlation between the number of bacteria in 
the MLN and the magnitude of the PCA increase. This con- 
trasts with the dose-dependent increase in macrophage PCA 
induced by lew concentrations of E coli in vitro. * In addition, 
cultures of both portal vein blood and homogenized liver were 
sterile, despite the elevation in PCA noted in these sites. 
These data suggest the possibility that bacteria may be mark- 
ers for other stimuli of PCA, such as endotoxin or gut-derived 
cytokines; In this regard, it has been clearly shown that 
endotoxin is able to exit the GI tract into MLN, portal and 
systemie blood, and liver sinusoids in animals sustaining mes- 
enteric isehemia" or peritonitis.” However, since bacterial 
translocation appears to be mediated by different mecha- 
nisms in models of mesenteric ischemic and bacterial over- 
growth," it remains unclear whether bacterial overgrowth is 
associated with the egress of endotoxin to extraintestinal 
sites. Alternatively, bacterial overgrowth and associated 
translocation may increase portal levels of cytokines, which 
may potentially alter macrophage function. Billiar and col- 
leagues" demonstrated that Kupffer cells isolated from sple- 
nectomized rats were less sensitive to endotoxin than control 
animals with respect to their ability to impair hepatocyte 





. . protein synthesis, suggesting a modulatory effect of portal 
-  vein-deriv 


in-derived lymphokines on Kupffer cell function. 
Cells of the monocyte/macrophage lineage are generally 
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accepted as the major source of PCA." However, endothelial 
cells, fibroblasts, and smooth-muscle cells are also capable of 
PCA generation. Procoagulant activity in the mononuclear 
cell populations isolated from MLN and portal vein blood 
therefore likely originated from their macrophage content. 
By contrast, the hepatic nonparenchymal cell population con- 
tains a mixture of Kupffer cells and endothelial ceils, either of 
which may be responsible for the observed increase in PCA. 
Furthermore, in addition to stimulation by endotoxin, endo- 
thelial cell PCA may be induced by tumor necrosis factor or 
interleukin 1,” both of which may be produced by endotoxin- 
stimulated Kupffer cells.* Separation of these cell popula- 
tions will help clarify the cell of origin and define the mecha- 
nism of activation. 

The bacterial overgrowth model used to induce transloca- 
tion in this study is a relatively innocuous one, as evidenced by 
the general well-being of the experimental animals and also 
by the normal light microscopic appearance of the intestine, 
MLN, and liver. Clearly, despite induction of PCA, these 
animals did not develop microvascular thrombosis or evi- 
dence of MOF. However, the nature of the model used per- 
mitted study of cell activation in response to bacterial translo- 
eation in a setting free of external stimuli. Future studies will 
have to address the relative contributions of bacterial translo- 
eation per se and systemic stimuli to the pathogenesis of 
MOF. The present studies also did not examine the possibility 
that baeterial translocation might prime maerophages and/or 
endothe/ial cells for enhanced PCA in response to a further 
stimulus. Billiar and colleagues? showed that a similar model 
of bacterial translocation was able to prime Kupffer cells for 
enhanced inhibition of hepatocyte protein synthesis following 
subsequent exposure to endotoxin in vitro. Recent studies by 
Jones and colleagues? demonstrated that induction of bacteri- 
al translocation in rats using an elemental diet enhanced the 
inerease in serum levels of tumor necrosis factor following 
endotoxemia and increased overall mortality. In mice, prim- 
ing of endothelial cells by their presence within tumors has 
been shown to result in increased PCA expression after sys- 
temic infusion of tumor necrosis factor compared with cells 
remote from the tumor. This resulted in local microvascular 
thrombosis at the site of the tumor.” Priming of macrophages 
or endothelial cells by bacterial translocation may similarly 
result in enhanced PCA in response to a second stimulus such 
as endotoxin or tumor necrosis factor. 

The present studies demonstrate that bacterial transloca- 
tion in the absence of other external stimuli is able to induce 
PCA in cells at sites distant from the GI tract. Whether other 
inflammatory cytokines such as tumor necrosis factor or in- 
terleukin 6 can be similarly induced by bacterial translocation 
in this or other models requires further study. Overall, these 
findings provide further insight into the mechanisms by 
which the GI tract may contribute to the pathogenesis of the 
septic state and MOF. They also support the notion that 
enhancement of the GI mucosal barrier? and/or reduction of 
the bacterial and endotoxin load in the GI tract" may improve 
the outcome in critically ill surgical patients. 
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The Effects of Plasma Exchange With Albumin and Plasma Infusion 


Rolf Busund, MD; Rolv-Ole Lindsetmo, MD; Lill-Tove Rasmussen, MD; Ola Røkke, MD; Ole P. Rekvig, MD; Arthur Revhaug, MD 


-e To study the effect of plasma removal vs plasma administra- 
-tion on the appearance of tumor necrosis factor (TNF) and inter- 
-Teukin 1 in septic shock, 24 anesthetized piglets were inoculated 

with live Escherichia coli. Plasma exchange with albumin was 

performed in one group. Fresh-frozen plasma was administered 
to a second group. A third group served as nontreated controls. 

Following plasma exchange, a reduction in both TNF and inter- 

leukin 1 levels occurred, whereas plasma infusion was followed 

by a decrease in TNF levels only. No significant differences were 
observed between the two treated groups with respect to survival 
or cardiovascular performance, with both being significantly 
enhanced compared with the controls. High levels of TNF and 
-interleukin 1 correlated with depressed cardiovascular perfor- 
mance in the early phase of the shock. Our results confirm the 
important role of TNF and interleukin 1 as early mediators of 
: septic shock. However, the benefit of reducing cytokine activity 
-In later stages of septicemia seems to be dublous. 
— (Arch Surg. 1991;126:591-597) 


ecently, much attention has been paid to the role of 
cytokines as mediators of host response to inflammation. 
Experimenta! as well as clinical studies indicate that the 
observed derangements of organ function and cellular homeo- 
stasis seen in endotoxinemia, to a great extent, are mediated 
by cytokines.’ Tumor necrosis factor (TNF) and interleukin 1 
(IL-1), produced by stimulated mononuclear cells, are consid- 
ered to be the primary and most prominent cytokines that 
mediate these effects.” Infusion of TNF in animals and hu- 
. mans induces many common features to the condition seen in 
 endotoxin-associated shock. Furthermore, high levels of 
TNF in serum have been associated with a fatal outcome in 
patients with meningococcal disease." 
On the cellular level, TNF and IL-1 activate both neutro- 


phil granulocytes” and endothelial cells. Enhanced chemo- 








taxis and adherence of granulocytes to endothelial linings 


have been demonstrated after TNF and IL-1 exposure,’ pro- 
moting phagocytosis, release of enzymes, and generation of 
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oxygen-derived free radicals leading to tissue injury. By 
increased synthesis of thromboplastin and plasminogen acti- 
vator inhibitor, and suppression of the protein C pathway, 
TNF and IL-1 diminish the anticoagulant properties of enco- 
thelial linings, favoring procoagulant activity." The pyro- 
genic effect of TNF and IL-1 is mediated by increased synthe- 
sis of prostaglandin E,, which via cyclic adenosine 
monophosphate alters the set-point of the thermoregulatory 
center in the hypothalamus. " 

So far, one has not been able to influence eytokine activity 
once it is formed and released to the circulation. However, 
Beutler et al? demonstrated that passive immunization 
against TNF protects mice frora the lethal effect of endotoxin, 
whereas Tracy and coworkers“ have shown that TNF moro- 
clonal antibodies administered to baboons prevented septic 
shock during lethal bacteremia. We have previously demcn- 
strated decreased TNF activity after plasma exchange with 
the use of fresh-frozen plasma as substitute. " 

This study was performed to elucidate the relative imper- 
tance of removal of septic plasma and supply of fresh-frozen 
plasma on the cytokine appearance during septic shock. Addi- 
tionally, we wanted to study the association between TNF 
and IL-1 activity and survival and cardiovascular perfer- 
mance during septic shock. Finally, as most studies on cyto- 
kines in endotoxemie shock have been performed by adminis- 
tration of endotoxin, another aim was to investigate the 
cytokine profile in a controlled large anima! model with the 
use of live Escherichia coli bacteria to induce septicemia. 


MATERIALS AND METHODS 
Outline of Study 


Studies were performed in three groups of piglets (n = 24). Plasma 


exchange with albumin was performed in the first group with the use ` 


of a blood processor (Haemonetics Corp, Braintree, Mass). The other 
group received fresh-frozen plasma, whereas the third group served 
as nontreated septic controls. Beth interventions started 2 hours 
after induction of septicemia, Hemodynamic variables were deter- 
mined, and repeated blood analyses were performed every second 
hour during the observation period of 10 hours. 


Animals and Preparation 


Twenty-four piglets of either sex, weighing <1 to 32 kg (mean 
[+ SEM], 28.5 0.5 kg), that were of a local breed (Norwegian Land- 
race) were used in this study. The animals were fasted for 20 hours 
with free access to water. General anesthesia was induced with 
halothane/oxygen by mask. The animals were intubated, and anes- 


thesia was maintained with the use of a servoventilator (Siemens- 


Elema AB, Solna, Sweden) with halothane/nitrous oxide. Instrumen- 
tation of the animals has been described in detail elsewhere. i 
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Preparation of Bacteria 


Escherichia coli (serotype rough:K3:H6, Statens Seruminstitut, 
Copenhagen, Denmark), stored on a brain-heart medium at — TPC, 
were cultured for 20 hours en a lactose medium. Two hours before 
inoculation, the culture was harvested and dissolved in saline solution 
at a concentration that corresponded tc a photospectrometric optical 
density of 0.25 at 475 nm. This optical density corresponded to 
4.0.x 10° bacteria per milliliter. Control of bacterial concentration was 
performed by culturing an aliquot of the suspension on three lactose 
disxs for 24 hours for determination of mean colony-forming units per 
milliliter, 





induction of Septicemia 


Septicemia was induced after a stabilization period of 1 hour follow- 
ing the instrumentation ( — Z hours). AE animals received an intrave- 
nous infusion of 4.0 x 10° colony-forming units per kg of body weight. 
Bacteria were given by an infusion pump during 90 minutes. From 
previous studies, this dose of bacteria is known to be lethal within 3 

Preparation cf Fresh-Frozen Plasma 


Fresh-frozen plasma was prepared from porcine whole blood that 
was collected at the Norwegian Meat Association, Troms6, Norway. 
Weole blood was collected intosterile two-component blood bags with 
citrate-phosphate-dextrose /Travenol Laboratories A/S, Halden, 
Norway). The blood bags were centrifuged at 4000 rpm at 4°C for 15 
minutes, and the plasma was transferred into the plasma bags. 
Plasma from severai donors were pooled and stored at — 70°C. 


Treatment Procedures 


Two hours after inoculation (0 hour) the plasma exchange was 
started in the first group (piasma exchange with albumin) with the 
use of a blood processor (Hemenetics). Human albumin (Kabi Vitrum 
AE, Stockholm), dissolved in saline solution to a concentration of 7%, 
was used as replacement fluid. Blood was drawn from the catheter in 
the superior eaval vein at a rate of approximately 30 mL/min. The 
cellular elements were separated from the plasma in the blood proces- 
sor by centrifugation and reinfused through the catheter in the left 
femoral vein. The separated plasma was discharged and successively 
substituted by an equal volume of 7% albumin/saline solution. A 
volume that corresponded to 100% of the plasma volume (calculated 
from body weight) was exchanged; thas, the procedure lasted ap- 
proximately 75 minutes. Balance between extracted and infused 
volume was achieved with the use of a flow-regulating infusion pump. 
Citrate was used as an anticoagulant. Infusion of fresh-frozen plasma 
was initiated 2 hours after inoculation (0 hours) in the group with 
plasma infusion. A volume that was caleulatedto correspond to 5046 of 
the animals’ plasma volume (mean [ - 3EM], 620 +30 mL) was in- 
fused during 2 hours. 


Blood Samples 


Elood samples were drawn immediately before induction of septi- 
cemia for baseline values, and drawing was repeated every second 
hour. 

Hematology. —Hemoglobin, platelets, and red and white blood 
cells, as well as hematocrits, were determined in 2-mL whole blood 


T samples (Haemo analyzer 145 C and 147 C, Analyse Instrument AB, 


Stockholm) that were drawn into edetie acid (EDTA) glass tubes 
(Vaeutainer tubes, Becton Dickinson & Co, Meylan, France). 

Plasma. — Plasma was prepared from 5-mL blood samples that 
were drawn into heparinized tubes and centrifuged at 3000 rpm for 10 
mirutes at room temperature. Plasma was stored at —70°C until 
assays were performed. 


Serum. —Serum was made by centrifugation at 3000 rpm for 10 


mirutes at room temperature cf 5-mL blood samples that were drawn 
inte sterile tubes. Serum was stored at —20°C until assays were 
performed. 





TNF Assay 


(^. Tumor necrosis factor activity in porcine plasma was determined 
^o by using the MTT (3-[4,5-dime 


limethylthiazel-2-y1]-2, 5-diphenyletetra- 
zoliam bromide; thiazoly! blue) cytotoxicity assay" with the TNF- 





sensitive WEHI 164 clone 18 mouse sarcoma cells.” In brief, target 


cells were seeded in 96-well, flat-bottomed microtitration plates ata 


concentration of 2 x 10° cells per well in 100-4L. RPMI-SSR2 (syn- 


thetie serum replacement 2). Samples of porcine plasma were added 
to the target cells in quadriplicates in a final concentration of 1%. 
After 20 hours of incubation at 37°C in 5% vol/vol carbon dioxide in air, 
10 LL of MTT at a concentration of 5 mg/mL in phosphate-buffered 
saline solution was added and further incubated for 4 hours at 37°C. 
Incubation with RPMI-SSR2 was used as a control. Isopropyl alcohol 
(100 uL) with 0.04N hydrochloric acid was added to all wells. Dark 
blue formazan crystals appeared, derived from MTT by dehydrogen- 
ase activity in living cells. The plates were read on a microplate 
reader (Titertek Multisean, EFLAB Flow Laboratories, Helsinki, 
Finland) at a wavelength of 540 nm. The percentage of dead target 
cells was determined as follows: 


% Dead Cells = Optical Density in Wells With Test Sample 
x 100/Optieal Density in Control 


The cytotoxicity was abolished by adding anti-TNF serum to a 
number of cultures in final dilutions of 1:500. Obliteration of the 
cytotoxic effect was taken as a positive test for the presence of TNF. 
To obtain chemical amounts of TNF in each experiment, the percent- 
age of dead cells was fitted to a standard curve that was made by 
adding recombinant TNF to control wells at varying concentrations. 
Recombinant TNF at a concentration of 10°‘ ng/mL had a detectable 
cytotoxic effect on WEHI clone 13 cells. 


Determination of IL-1 in Porcine Plasma 


Interleukin 1 activity was determined in porcine plasma by evalu- 
ating the cytotoxicity of the interleukin 2 (IL-2)-dependent HT-2 cell 
line" that was incubated with cellular supernatants from the NOB-1 
cell line” that produce the IL-2 in response to IL-1 in test samples. 
The NOB-1 cells were washed three times in RPMI-1640 and ad- 
justed to 2 x 10" cells cells per milliliter in RPMI-1640 that contained 
5% fetal calf serum. The cells were distributed into 96-well, flat- 
bottomed microtitration plates at 2 x 10° cells per well. Porcine plas- 
ma was added in triplieate three 10-fold dilutions to appropriate 
wells, and the volume was made up to 200 uL with RPMI-1640 that 
contained 5% fetal calf serum. In each experiment, a corresponding 
standard curve was made by adding purified human IL-1 to control 
wells at varying concentrations. The supernatants from the cultures 
were harvested after 24 hours of incubation at 37°C and 5% carbon 
dioxide. An eight-channel pipette was used to transfer 100 uL of 
supernatant into a replicate microtitration plate. The contents of the 
plates were frozen above liquid nitrogen to kill any NOB-1 eells that 
were carried over in the supernatant. Forty microliters of each 
harvested supernatant was then added to microtitration wells that 
contained 1.5 x 10° HT-2 cells in 60 uL of RPMI-1640 with 5% fetal 
calf serum. The HT-2 cells were prepared by washing three times in 
RPMI-1640 to remove any IL-2 present in their maintenance medi- 
um. After 20 hours of incubation at 37°C in 5% carbon dioxide in air, 
10 L of MTT at a concentration of 5 mg/mL in phosphate-buffered 
saline solution was added and further incubated for 4 hours at 37°C. 
One hundred mieroliters of isopropyl alcohol with 0.04N hydrochloric 
acid was added to all wells and resuspended three times to disinte- 
grate the cells. The plates were read on a microplate reader (Titertek 
Multiscan) at a wavelength of 540 nm. Survival of HT-2 cells was 
abolished by adding polyclonal rabbit anti-human IL-1 to test sam- 
plesand IL-1 preparations in a final dilution of 1:200 1 hour before the 
addition of the NOB-1 cells. 

The following chemicals were used: RPMI-1640 (Gibco, Biocult, 
Glasgow, United Kingdom); synthetie serum replacement 2 (SSR2) 
(Medi-Cult SSR, GEA-BioTech, Hvidovre, Denmark); MTT (M-2128 
Sigma Chemical Co, St Louis, Mo); and polyclonal rabbit anti-human 
IL-i antibody (Genzyme Co, Boston, Mass) The antibody did not 
demonstrate detectable reactivity with IL-2, interleukin 3, colony- 
stimulating factor, and TNF. Ultrapure human IL-1 (Genzyme) had a 
specific activity of 8x 10° U/ug of protein and was added to the 
cultures at a final concentration of 0.1 ng/mL. It was free of endotox- 
in, IL-2, interleukin 6, and interferon gamma. Recombinant murine 
TNF a (Genzyme) was added to the cultures at a final concentration of 
0.1 ng/mL. The specific aetivity for recombinant TNF was 3x 
10° U/mg; the median lethal dose of recombinant TNF was 2x 
10°" ng/mL; polyclonal rabbit anti-murine TNF a (Gen- 
zyme). 

Endotoxin Assay 


Plasma levels of endotoxin were measured by a limulus amebocyte 
lysate-chromogen substrate assay (Kabi Vitrum). Plasma was pre- 
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pared from 3-mL samples of whole blood that were drawn to sterile 
heparinized, ncnpyrogenic tubes on ice and immediately centrifuged 
at 3500 rpm for 15 minutes at 4°C.” 


Statistics 


Statistical amalyses were performed with a microcomputer (IBM 
PS-2) with the use of a standard statistical package (Statgraphics, 
STC, Inc, Roekville, Md). Kruskal-Wallis one-way analysis and 
Friedman two-way analysis were used to test differences between 
and within groups, respectively. Tne two-tailed Mann-Whitney U 
test was used to test differences between groups at central zime 
points. Spearman rank correlation procedure was used to test corre- 
lations between cytokine levels and central cardiovascular variables. 
Differences were considered to be significant at P<.05. Data are 
expressed as mean + SEM. 


RESULTS 
Response to Bacterial Infusion 


All animals Gemonstrated classic signs of septic shock on 
bacterial administration. An immediate increase in mean pul- 
monary arterial pressure (100%) and heart rate (25%), as well 
as a decrease in mean arterial pressure (25%), were observed. 
Short periods of critical hypotension (<40 mm Hg) were 
observed during the infusion in three animals in the plasma 
exchange group, in four animals in the plasma infusion group, 
and in one amimal in the control group. However, they all 
recovered fast when the infusion rate was temporarily 
reduced. 


Response to Treatment Procedures 


The plasma exchange procedure was well tolerated in all 
eight animals without any significant changes in central he- 
modynamie variables. A slight temporary decrease in sys- 
temic arterial pressure (range, 5 to 10 mm Hg) was seen in 
some animals, whereas most of the animals demonstrated a 
slight increase in pulmonary artery pressure during the pro- 
cedure. Plasma infusion was also well tolerated, as no signifi- 
eant changes in hemodynamic variables were observed dur- 
ing the first 15 minutes of the infusion. 


Plasma Concentrations of TNF 


Plasma concentration of TNF increased in all groups by 
10-fold 2 hours after E coli administration (Fig 1, top, and 
Table 1) After the plasma exchange, the TNF level de- 
creased 60% the first 2 hours (P<.001) and returned to base- 
line values within 4 hours. Following plasma infusion, a slight 
but significant decrease was demonstrated after 2 hours 
(P<.05), whereas the TNF concentration in the control group 
remained elevated at seven times the baseline values. The 
TNF concentration in the plasma exchange group thus was 
significantly reduced compared with that in the plasma infu- 
sion group and the control group (P<.001 by Kruskal-Wallis 
one-way analysis). 


Plasma Concentrations of IL-1 


Interleukin 1 demonstrated a biphasic curve with a sixfold 
increase after 2 hours and a more than 20-fold increase toward 
the end of the observation period (Fig 1, bottom and Table 1). 
No significant differences were found between the groups. 
Following plasma exchange, however, a significant decrease 
in IL-1 concentration was observed after 2 hours (P<.05), 
while no significant decrease was observed in the plasma 
infusion or the eontrol groups. 


Plasma Concentrations of Endotoxin 


All groups demonstrated a decrease in plasma concentra- 
tion of endotoxin from 0 to 2 hours (Fig 2 and Table 1). 
However, this decrease reached statistical significance only 
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Fig 1.—Plasma levels of tumor necrosis factor (TNF) (top) and inter- 
leukin 1 (IL-1) (bottom) after intravenous administration of live Escheri- 
chia coli in animals subjected to plasma exchange with albumin (PEA, 
open circles) and plasma infusion (Pl, closed circles) and in non- 
treated controls (triangles). Difference among groups: one asterisk, 
P—.05; two asterisks, P<.01. 


Fig 2. —Individual changes in plasma endotoxin levels following plas- 
ma exchange with albumin (PEA) (open circles), plasma infusion (?l) 
(closed circles), and in corresponding time interval in nontreated 
controls (CON) (triangles). Significant changes: one asterisk, P<.05. 
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TNF, UimL x 10-* . PEA 
IL-1, U/mL PEA 


END, ng/mL | PEA 





-Mediators*- 


2 
9.9 x0 3t 
1.7 x0.1f 
2.3: 0.2 
4.4+0.5¢ 
4.6 :: 0.6 
5.31.5 
0.8::0.1t 
1.20.2 
1.50.3 


meh 


4 


0.320.1f 
1.7+0.2¢ 
1.7x0.21 
3.8+0.3¢ 
41x07 


53312 
17502 


21-02 


. 29:08 


6 
0.10.1 
1.7x0.2 
17202 
6.10.8 
3.41.2 

11.525.8 
2440.5 
2.9+0.8 
46+1.7 





8 
0.1 0.1 
1.4+0.2 


26.9+3,7 
30.7+3.5 


4.0::0.6 
3.5+0.6 


5. ., "Plasma levels of tumor necrosis factor (TNF), interleukin 1 (IL-1). anc endotoxin (END) in animals subjected to plasma exchange with albumin (PEA) and 
<, plasma infusion (PI) and in nontreated contrels (CON). Values are given as mean + SEM. 
7P<.C1 (difference within groups from pretreatment values [0 hours’). 
¢P<.05 (difference within groups from pretreatment values [0 hours’). 


| Table 2. — Hemodynamic Variables* 
Time, h 


38.7 x: 0.1 38.9 x 0.1 
PI 38.9 :: 0.1 38.9 0.1 38.5--0.2t$ 38.6 - 0.2 39.2 *: 0.6 38.9 0.3 
CON 38.6 0.0 38.9+0.1 39.2+0.2 39.2+0.1¢ 39.5+0.2 vid 
UO, ml/h PEA 84 *- 12 40+ 10 33:-5 42:6 32 X 11 16+8 
PI 100 *: 11 36:10 2537 27 t6 17 X6 12+6 
CON 92 +3 44+ 10 UET S i ti+4t 241 AN 
MAP, mm Hg PEA 84-2 5624 58+3 63+3 64+4 63+4 
Pi 9025 5424 61+5 67+6 67+6 64+4 
CON 87 +14 58:2 60::5 55-8 40:6 
SVARI dyne-s/om*jrn? PEA 1244 x 59 1902+ 121 1045 + 134 1282+ 141 1371+ 196 





38.0 +0.3t 38.0 +0.4t 





1272 x 204 


PI 1356 + 68 1160 +65 
CON 1283 + 66 1254 + 87 
Cl, L/minim? PEA 5.4: 0.3 
PI 5.30.2 
CON 5.50.2 


1211 +84 


1283 + 76 


1502 + 162 


1203 + 52 


4.3=0.3 
3.70.1 
3.8 +03 


1883 + 1141 
4.7 € 0.41 
4.1 x0.2t 
2.6:0.2t 


2077 + 235+ 
4240.4 
4.1x02t 
2.1: 0.3t 


1719 + 294 
4.1: 0.4 
4.20.2 
20-02 


4.3+0.4 
4320.3 


*Core bocy temperature (TP), urinary output (UO), mean arterial pressure (MAP), systemic vascular resistance index (SVRI), and cardiac index (Cl) in animais 
. Subjected to plasma exchange with albumin (FEA) and plasma infusion (PI) and in nontreated controls (CON). Values are given as mean + SEM. 


1? «.01 (difference within groups from preireatment values [0 hours). 
1P«.05 (difference within groups from preireatment values [0 hours’). 


| inthe plasma exchange group (P<.5). A steady increase was 
_ observed from 2 hours and throughout the observation period 
-. inall groups. 










Survival 


.. Seven of eight animals survived the 10-hour observation 
‘Period in the plasma exchange group, whereas six of eight 
‘Survived in the plasma infusion group (Fig 3, top). In con- 
trast, the control animals all died during the last 5 hours of the 
-observation period, = 


Core Body Temperature 


In the plasma exchange group, a significant decrease in 
body temperature occurred during the exchange procedure, 
and only a slight inerease toward baseline values was seen 
during the last 6 hours of the observation period (Fig 3, 
center, and Table 2). In the plasma infusion group, no signifi- 
cant changes were observed, whereas in the control group, 
there was a signifieant increase in core body temperature 
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from 0 to 4 hours (P<.01). The core body temperature in the 
plasma exchange group was significantly lower than in the 
control group (P<.001) and in the plasma infusion group 
(P«.05). 


Urinary Output 


In all groups, a 50% reduction in urinary output occurred 
during the first 2 hours (Fig 3, bottom, and Table 2). Urinary 
output was then preserved for the next 6 hours in the plasma - 
exchange group in contrast to the controls, showing a further 
decrease toward anuria at 6 hours (P«.001) Also, in the 
plasma infusion group, the urinary output was significantly 
different from that in the controls, however, to a lesser de- 
gree (P«.05). The difference between the two treated groups 
did not reach statistical significance (P = .56). 


Mean Arterial Pressure 


As shown in Fig 4, top, and Table 2, Following plasma 
exchange and plasma infusion, a small but steady increase in 
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No. of Animals Alive 


Core Body Temperature, °C 


Urinary Output, mL/h 


Fig 3.—Survival diagram (top) shows number of animals alive in 
plasma exchange group (PEA), plasma infusion group (Pl), and con- 
trol group (CON) at central time points during the observation period. 
Core body temperature (center) and urinary output (bottom) efter 
intravenous administration of live Escherichia coli in animals subject- 
ed to plasma exchange with albumin (PEA, open circles) and plasma 
infusion (Pl, closed circles) and in nontreated controls (CON, tran- 
gles). Differences among groups: one asterisk, P<.05; two asterisks, 
P<.01; and three asterisks, P<.005. 


mean arterial pressure (not significant) was observed, while 
the controls in the same period demonstrated a decrease. 
Between the two treated groups, no significant difference 
was demonstrated. 


Arch Surg—Vol 126, May 1991 











— 
> co œ e 
eo o eo e 


Mean Arterial Pressure, mm Hg 


-2 0 2 4 6 8 
b —À be d 
Escherichia PEA/PI i 

coli Time, h 






SVRI, Dyne«s/cm*/m* 









Escherichia PEA/PI : 
coli Time, h 


o 
o 







» 
e 


Cardiac Index, L/min/m* 
w 
eo 


Fig 4.—Mean arterial pressure (top), systemic vascular resistance 
index (SVRI) (center), and cardiac index (bottom) after intravenous 
administration of live Escherichia coli in animals subjected to plasma 
exchange with albumin (PEA, open circles) and plasma infusion (PI, 
closed circles) and in nontreated controls (CON, triangles). Differ- 
ences among groups: one asterisk, P<.05; two asterisks, P<.01. 


Systemic Vascular Resistance Index 


All groups demonstrated a significant decrease in the sys- 
temic vascular resistance index 1 hour after inoculation (data 
not shown) (Fig 4, center, and Table 2). After 2 hours, the 
resistance was approximately 90% of the baseline values. 
From this point, no further changes were observed in the 
plasma exchange group, whereas in the plasma infusion 
group, a slight increase was observed at 4 hours (P<.05). The 
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Table 3.—Hematology* 





E 17.0+08 23-02 
Fi 16.23:1.8 2.6+0.3 
CON 15.1 22.0 2.60.4 
Hct PEA 0,350.01 0,38 +0.01 
Ft 0.34 0.01 0.38 * 0.01 
CON 0.36-* 0.C1 0.41 +0.02 


2.2+0.2 2.9+0,5 8:0. 
2.50.5 2.5 50.7 4.1+1.4 6.5+2.3 
2.5+0.6 3.20.7 3.7 0.4 P 

0.25: 0.021 0.33 0.02t 0.33 +0.02 0.30 + 0.02 

0.32+0.01¢ 0.30 +0.02+ 0.29+0.01 0.33+0.04 

0.42+0.03 0.40 0.04 0.40 +0.02 


“White blood cel! (WBC) counts and hemaiocrit (Hct) in animals subjected to plasma exchange with albumin (PEA) and plasma infusion (PI) and in nontreated 


controls (CON). Values are given as mean + SEM. 
1P«.01 (difference within groups from pretreatment values [0 hours]). 
£P-.05 (difference within groups from pretreatment values [0 hours]. 


~ 44 ~.17 
«.001 NS 
~.29  —.07 
P «004 NS <.001 NS «001 NS 





*Correlations between shock mediators and central hemodynamic variables 
(urmary output [UO], mean arterial pressure IMAP], and cardiac index [CI]) in 
the early phase of septicemia (—2 to 4 hours) and the late phase of the 
observation period (4 to 8 hours}, NS indicates not significant. 


controls, however, demonstrated a highly significant increase 
from 0 to 2 hours (P«.005), 


Cardiac index 


The cardiac index decreased in all groups to about 75% of 
the baseline values 2 hours after onset of bacterial infusion 
(Fig 4, bettom, and Tabie 2). Two hours after onset of treat- 
ment, an increase in both treated groups had occurred 
(P«.05); thereafter, no further changes were observed. In 
the control group, the cardiac index gradually decreased to 
30% of the baseline value at 6 hours, with the difference being 
highly significant from both treated groups (P<.001). 


White Blood Celis 


The white blood cell count fell in all groups to 20% of the 
baseline values (Table 3). A slight increase was seen toward 
the end of the observaticn period. However, there was no 
significant difference in numbers of total white blood cells or 
<> numbers of mononuelear cells (data not shown) among the 
-— . three groups. 
| Shock Mediator Correlations 
—. Both TNF and IL-1, as well as endotoxin, correlated signif- 
~ icantly te central shock parameters (urinary output, mean 
arterial pressure, and cardiac index) during the first 4 hours 
_ of septicemia (Table 4). However, this correlation could not be 
. demonstrated during the last 4 hours of the observation 
“period, 














COMMENT 


. _In this study, we have shown that plasma exchange with 
albumin significantly reduced plasma TNF and IL-1 activity 
during septic shock, whereas plasma administration was fol- 
—. lowed by a moderate reduction in plasma TNF activity only. 
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The reduction of cytokine activity in the plasma exchange 
group was associated with increased survival and improved 
cardiovascular performance in contrast to that in the controls. 
No significant differences were observed between the two 
treated groups with respect to central hemodynamic vari- 
abies and survival, although the plasma infusion group dem- 
onstrated a continued high TNF activity, which, at the end of 
the observation period, was indistinguishable from that in the 
controls (Fig 1). 

This observation indicates that plasma-TNF activity alone 
is not a reliable prognostic factor in septicemia and supports 
the concept that TNF is an early mediator that initiates the 
changes that lead to the extensive cellular injury. This also 
implies that the effect of reducing TNF activity in the course 
of a septicemia probably is limited. This suggestion is sup- 
ported by the study of Mathison et al*; they reported that 
administration of anti-TNF globulin in rabbits 250 minutes 
after lipopolysaccharide (LPS) injection did not reverse 
pathophysiologic changes caused by LPS, whereas pretreat- 
ment with the same antiglobulin provided significant protec- 
tion from the development of hypotension, fibrin deposition, 
and lethality. Further support for this concept was given by 
Waage" who concluded, from a study on rats challenged with 
LPS, that the possible mediator function of TNF is restricted 
to the very early phase of septic shock. 

Although plasma exchange was followed by a significant 
deerease in IL-1 activity, we could not demonstrate any 
significant difference among the groups. This may reflect the 
fact that the circulating level of IL-1 by the time of plasma 
exchange is still low, while the real burst in IL-1 is apparent 
after 8 hours. This secondary peak in IL-1 did probably not 
influence cardiovascular performance, as no correlation was 
found between IL-1 and mean arterial pressure or cardiac 
index late in the experimental period. This indicates that 
IL-1, like TNF, exerts its mediator function in the very early 
stages of septic shock, further limiting the potential benefit of 
reducing cytokine activity in the late phase of septicemia. 

Since clearance from plasma of both TNF and IL-1 after a 
single injection of endotoxin is of the order of 6 minutes,”” the 
continuous TNF activity in the control group and the plasma 
infusion group may reflect continuous stimulation of the TNF 
preduction. Endotoxin, one of the most potent stimulants of 
both TNF and IL-1,” is significantly reduced by plasma ex- 
change (Fig 1) and may contribute to the instant decrease of 
TNF activity in this group. The combination of reduced TNF 
activity and a reduced plasma level of endotoxin may, in turn, 
explain the reduction of the IL-1 activity in the plasma ex- 
change group, as TNF is a potent stimulant of IL-1 produc- 
tion.” 

The TNF appearance in our study differs somewhat from 
that in other reports, as the untreated septic controls and the 
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plasma infusion group retained an elevated TNF activity, 
which after € hours still was approximately 65% of maximum 
activity (Fig 1). In an experiment in rabbits given a bolus 
injection of LPS, Beutler et al" reported clearance of TNF 
from serum within 5 hours. These findings are consistent with 
those found by several others with the use of LPS in the 
induction of TNF” and with the findings from the study 
from Hesse et al' who reported peak serum TNF values 
within 90 minutes after challenge with a lethal dose of live 
E coli in baboons. In this study, no detectable levels of either 
TNF or IL-1 were observed 6 hours after infusion of bacteria.’ 
However, the results of two previous reports support those of 
the present study, demonstrating persistent elevation of 
TNF activity in septic animals; both of these studies used live 
bacteria in the induction of TNF response and bioassays in the 
detection of TNF activity.^" A recent case report from a 
patient with severe septicemia caused by Neisseria meningi- 
tidis was also found to have highly elevated levels of both 
TNF and IL-1 10 hours after admission to hospital.” Hence, 
the discrepancies concerning the kinetics of TNF in vivo may 
be explained by use of a different agent in inducing a TNF 
response and by different assays used to detect TNF activity, 
as bioassays are considered at least an order of magnitude 
more sensitive than the respective immunoreactive assays. j 

The small drop in TNF activity following plasma infusion 
coincided with a significant drop in the hematocrit (Table 3) in 
this group. However, the hematocrit continues to drop the 
next 4 hours without any further drop in TNF activity. Thus, 
the possibility that the reduction in TNF activity in this group 
may be caused by dilution is not likely, although volume 
loading itself could be contributional. Addition of serum inhib- 
itors may also contribute to the drop in TNF activity. 

Urinary cutput was significantly lower in the control group 

and markedly reduced in the plasma infusion group compared 
with that in the plasma exchange group. Tumor necrosis 
-factor has been shown to cause acute renal tubular necrosis in 
rats.’ This might explain the impaired renal function that also 
is confirmed by asignificantly higher serum creatinine level in 
the control group (data not shown). 

The extensive reduction in body temperature in the plasma 
exchange group is probably due to cooling during the extra- 
corporeal circulation as the replacement fluid was infused at a 
temperature of 24°C. However, the fact that the temperature 
did not increase after the exchange procedure was terminated 
may reflect removal of TNF and IL-1, with both being potent 
pyrogens." Cooling by extracorporeal circulation does not 
influenee the TNF activity in our model as shown previously." 

From the present study, it cannot be concluded whether 
reduction cf cytokines alone improves circulatory perfor- 
mance and survival. It is probable that the nonselective plas- 
ma exchange procedure not only reduces the cytokine and 
endotoxin levels, but also other deleterious mediators in- 
volved in septic shock. Although TNF levels in the piasma 
infusion greup were considerably elevated at the end of the 
observatior period, plasma infusion did prolong survival and 
improved circulatory variables compared with that in the 
control group. Thus, the effects of the two interventions may 
be addititive in the treatment of septic shock. 
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q Avoiding Reoperation for Indeterminate 
Thyroid Nodules Identified as Malignant 


After Surgery 
Melvin A. Block, MD; George E. Dailey 111, MD; Douglas Muchmore, MD 


€ Thyroid nodules that are indeterminate as carcinoma by 
needle biopsy before surgery and by study of frozen secticns at 
the time of surgery are occasionally identified te be malignan: in 
later studies. If only a lobectomy has been performed, the advis- 
ability of reoperation to remcve the remaining thyroid tissue to 
facilitate radioactive iodine therapy may cause concern. To obvi- 
ate this difficulty as wel! as to reduce the occurrence of nodules 
later in a preserved contralateral thyroid lobe and to provide 
additional thyroid tissue for study, contralateral subtotal or near 
tota! lobectomy has been performed for indeterminate thyroid 
nodules. The small remnant of remaining thyroid tissue can later 
be abiated by radioactive iodine if desired. Of 37 patients with 


-indeterminate thyroid nodules, none required reoperation, al- 


though the diagnosis of carcinoma was established after Surgery 
for eight patierts, three of whom were treated with radioactive 
lodine. 

(Arch Surg. 1991;126:598-602) 


N eedie biopsies of thyroid nodules now permit identifica- 
| tion cf most carcinomas and selection of patients for 
treatment, including surgery. However, in approximately 
15% of cases, the needle biopsy specimen indicates that the 


: n: : Jesion is cellular and indeterminate for distinction of a benizn 
«lesicn from a low-grade, well-differentiated thyroid careino- 


|... ma. The terms suspicious and celluler with cytologic atypia 
.. have also been used to designate the needle biopsy findings of 
thyroid nodules identified as indeterminate in this report. 
‘Surgery is usually advisable for the indeterminate category of 
thyroid nodules because the frequency of carcinoma has been 
reported to'be from 20% to 60%. ' Even at operation, the study 
of frozen sections frequently does not provide a definitive 
diagnosis fer this category of patients. In seme situations, 
ermanent sections examined after surgery do disclose evi- 
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dence of a carcinoma, often a low-grade, well-differentiated 
follicular careinoma determined on the basis of capsular or 
blood vessel invasion and cytologic features, In other cases, a 
low-grade papillary (usually a follicular variant) thyroid carci- 
noma is identified. A decision regarding reoperation to re- 
move additional thyroid tissue to permit treatment with ra- 
dioaetive iodine must then be made, especially for carcinomas 
larger than 2 em in diameter. 

In an effort to obviate the risks, expense, and technical 
difficulties of reoperation, our initial operation in patients 
with indeterminate thyroid nodules has included not only 
removal of the lobe containing the questionable nodule but at 
least a contralateral subtotal lobectomy. Removal of this 
additional thyroid tissue enhances the efficacy of postopera- 
tive radioactive iodine therapy for carcinoma. Thus, the pa- 
tient is not subjected to controversy and the potential risks of 
reoperation if radioactive iodine is clinically indicated. In 
addition to contralateral subtotal thyroid lobectomy, it has 
been our practice to sample lymph nodes in the ipsilateral 
midjugular group, as well as to remove lymph nodes adjacent 
to the thyroid lobe and anterior superior mediastinum to 
permit an assessment of the presence of metastases. This aids 
operative as well as postoperative decisions, especially for the 
later use of radioactive iodine therapy. The rationale for this 
approach relates to the frequency of carcinoma in patients 
with indeterminate thyroid nodules and the need for adminis- 
tratien of radioactive iodine for some of these patients versus 
the complications associated with an extended operation. 

We reviewed cases of patients treated surgically during a 
10-year period for thyroid nodules for which the diagnosis of 
earcinoma was uncertain. Particular attention was given to 
these nodules considered to be indeterminate for carcinoma 
by fine-needle aspiration biopsy. Emphasis was given to the 
following: (1) the frequency of carcinoma in indeterminate 
thyrcid nodules; (2) the timing ofthe diagnosis (before or after 
surgery) for those patients found to have a thyroid carcinoma; 
(3) the frequency of use of radioactive iodine for patients in 
whom the diagnosis of thyroid carcinoma was established 
after surgery; (4) the efficacy of the extended operation in 
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‘permitting treatment with radioactive iodine; and (5) the 
incidence of cemplications related to the extended operation. 


PATIENTS AND METHODS 


enign lesion, such as nodular hyperplasia, 
rade ' Patients with nodules considered to be 

benign by fine-needle aspiration biopsy but for which surgery was 
rmed were operated on for several reasons, including a large 
nodule, a history of external radiation therapy to the neck area, and 





patients in the latter group were considered to have a very-low-grade 
follicular carcinoma on the basis of foci of capsular invasion on postop- 
erative study ef permanent sections. For 13 patients, the material 
obtained by needle biopsy, which was usually repeated, was consid- 
ered inadequate for cytologic diagnosis, but surgery was advised on 
the basis of other factors. 

The standard operation for these patients with an uncertain diag- 
nosis was an ipsilateral lobectomy and contralateral subtotal thyroid- 
ectomy, with removal of lymph nodes adjacent to the involved thyroid 
lobe, the antericr superior mediastinal lymph nodes, and one or 
several lymph nodes in the ipsilateral midjugular group. By subtotal 
contralateral lebeetomy, we mean removal of at least one half te two 
thirds of the lebe to permit ablation of remaining thyroid tissue by 
radioactive iodine, if indicated (Figure). The term subtotal lobectomy 
is used in this report to indicate an ipsilateral total lobectomy and 
contralateral subtotal lobectomy leaving a thyroid remnant weighing 
4 g or less. By preservation of this thyroid remnant, hypoparathy- 
roidism and injury to the laryngeal nerves are avoided. The location 
of the recurrent laryngeal nerve on the side of the remnant was 
usually identified to better ensure preservation. 

All but one 3f these patients with thyroid carcinoma had received 
no previous external radiation therapy to the neck; the exception was 
a patient who refused to undergo a preoperative needle biopsy. The 
study group evidenced no unusual demographic characteristics. 


RESULTS 


We concentrated our attention on the 37 patients for whom 
fine-needle aspiration biopsy indieated the presence of a cellu- 
lar lesion thet was indeterminate as carcinoma. In 11 (30% )oz 
these cases, the thyroid nodules were found to be malignant 
(Table 1). In addition, an incidental occult microscopic papil- 
lary carcinoma was found in extranodular thyroid tissue in 
two patients, with a lymph node adjacent to the thyroid gland 
containing a microscopic metastasis in one of the patients. 

The histologic varieties of thyroid carcinoma present in the 
11 patients in whom indeterminate nodules were found to be 
malignant are listed in Table 2. Exeluding the incidental 
occult carcinomas, the diagnosis of carcinoma was made only 
by study of permanent sections after surgery for eight of the 
11 patients feund to have malignant thyroid nodules. The four 
patients treated after surgery with radioactive iodine kad a 
multifocal papillary variant of follicular thyroid carcinoma 
with regional lymph node metastases (two patients) or a large 
follicular thyroid carcinoma with blood vessel and capsular 
invasion (two patients). 

For three of these four patients treated after surgery with 
radioactive iodine, the diagnosis of thyroid carcinoma was 
established after postoperative studies of permanent sec- 
tions. For one patient, the diagnosis of a follicular thyroid 
carcinoma was made by study of frozen sections taken at the 
dministration of single doses of 
patients, all uptake in the neck 








© the body. TI 
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micrometastases in cervical or mediastinal lymph nodes. 

The majority of carcinomas in thyroid nodules considered 
indeterminate by fine-needle aspiration biopsy were very- 
low-grade, well-eneapsulated follicular careinomas or low- 
grade Hürthle cell carcinomas. The diagnosis of malignancy 
was made in these patients primarily on the basis of capsular, 
not vascular, invasion. 

All patients received thyroid hormone replacement thera- 
py following subtotal thyroidectomy. The serum thyroid- 
stimulating hormone (TSH) levels were monitored to ensure 
adequate thyroid hormone replacement. 

None of the patients developed postoperative complica- 
tions of permanent hypoparathyroidism or reeurrent laryn- 
geal nerve damage and none required reoperation. None has 
shown evidence of recurrence of thyroid carcinoma. During 
this period, five other patients were seen in our institution 
who required reoperation because of a suspicion of residual 
thyroid earcinoma and the advisability of treatment with 
radioactive iodine following a previous lobectomy or partial 
lobectomy. 

Cervical lymph node biopsy specimens disclosed no metas- 
tasis in all but four patients in this group; these four patients 
were given postoperative radioactive iodine therapy. In 
these patients, the lymph nodes containing metastases Were 
in the anterior superior mediastinum or adjacent to the tky- 
roid gland. None of the lymph nodes removed from the mid- 
jugular group contained metastases in this series. The deci- 
sion to administer radioactive iodine after surgery was based 
on several factors, including the presence of capsular invasion 
in a higher-grade follicular carcinoma larger than 3 cm in 
diameter in a patient older than 50 years and the presence of 
metastases to regional lymph nodes. 

Large-needle biopsies were performed on six patients in 
this series and simply supported the fine-needle aspiration 
biopsy results and a decision for surgery. In other cases, the 
use of large-needle biopsy provided a definitive diagnosis 
when fine-needle aspiration biopsy did not. 


COMMENT 


A frequent question in managing thyroid carcinoma has 
long been what to do if the diagnosis is established on the basis 
of the study of permanent sections following a lobectomy. If 
only a lobectomy is performed for thyroid carcinoma, confu- 
sioncan arise after surgery regarding the need to reoperate to 
remove more thyroid tissue to facilitate the use of radioact.ve 
iodine therapy. This issue has been highlighted by evidence 
from long-term studies that, in at least some patients with 
papillary thyroid carcinoma, the postoperative administra- 
tion of radioactive iodine can be of therapeutic benefit.”* 
Furthermore, patients with well-encapsulated follicular thy- 
roid carcinomas that are more than 3 cm in diameter have a 
significant risk of metastases, justifying a thyroidectomy 
sufficient to facilitate the use of radioactive iodine therapy.” 

Endocrinologists vary in their enthusiasm for radioactive 
iodine therapy in the postoperative management of well- 
differentiated thyroid carcinoma. Evidence suggests that 9a- 
tients with papillary thyroid carcinomas larger than 1.5 em in 
diameter, especially when associated with regional lymph 
node metastases, deserve consideration for more than a tay- 
roid lobectomy.*** Some surgeons continue to advise patients 
with thyroid nodules that are indeterminate by needle biopsy 
that two operations may be needed because the initial opera- 
tion is to consist only of a lobectomy and, if carcinoma is 
identified, a second operation may be needed. 

Reoperation following thyroid surgery may entail in- 
creased operative risk of complications." Even if these risks 
are small in reoperations performed only to remove a contra- 
lateral thyroid lobe that is not significantly abnormal anatem- 
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Table 1.—Occurrenee of Carcinoma in Thyroid Nodules With 
Uncertain Preoperative Diagnosis 






Incidental 
(Occult) 
Microscopic 
Carcinoma 






Total Diagnosis 
No.of of Carcinoma 
Patients in Nodule 











Category 
Preoperative fine-needle 
aspiration biopsy 

Cellular, 
indeterminate 








Patient refused neadie 
biopsy, operation on 
basis of clinical 

findings 

















4 
69 


*Diagnosis of very-iow-grade follicular carcinoma based on foci of micro- 
scopic capsular invasion. 














Table 2.— Characterization of Carcinoma in 37 Thyroid 
Nodules That Were Indeterminate by Needle Biopsy 








No. of 
Patients 






Source of Diagnosis 
ce 7 
















Variety No.of Frozen Permanent Treated With 

of Carcinoma Patients Sections Sections lodine 131 
Papillary 3 0 3 2 
Follicular 2 1 1 2 
Very-low-grade 

follicular, well 

encapsulated 4 1 3 0 
Low-grade Hürthle 

cell 2 1 1 0 
Occult, incidental 2 0 2 i" 


EM oru A 


*Metastasis to regional lymph node present. 


ically, reoperation does involve additional anesthesia and 
expense. Therefore, efforts to minimize the need for reopera- 
tion are justified. 

It is appropriate tc adapt the extent of any operation to 
what is needed to control disease. Extended surgery involves 
added risks and costs. Subtotal thyroidectomy, however, as 
carried out in our patients, was selected on the basis of a 
preoperative evaluation of relevant factors, with greatest 
emphasis placed on needle biopsy specimens. It is the indeter- 
minate nodule on the basis of fine-needle aspiration biopsy 
that now carries the greatest risk of delay in the diagnosis of 
thyroid carcinoma after completion of surgery. We have ex- 
perienced no significant morbidity from ipsilateral thyroid 
lobectomy and contralateral subtotal lobectomy. The morbid- 
ity for subtotal thyroidectomy for hyperthyroidism has been 
reported to be very lew when the operation is performed by 
experienced surgeons. In our series, subtotal thyroidecto- 
my, which is defined as ipsilateral lobectomy and contralater- 
al subtotal lobectomy, with biopsy of appropriate central and 
superior mediastinal and midjugular lymph nodes, has com- 
pletely eliminated the need for reoperation even if thyroid 
careinoma is recognized only after surgery. 

The observed incidence (30%) in the present series of carci- 
noma in patients with indeterminate thyroid nodules by fine- 
needle aspiration biopsy justifies consideration of more than a 
unilateral lobeetomy.' An initial subtotal thyroidectomy also 
obviates problems arising from patients’ anxiety arising from 
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Photograph of thyroid gland illustrating subtotal thyroidectomy (ie, 
right lobectomy and contralateral subtotal lobectomy) for a nodule in 
the right lobe that was indeterminate by needle biopsy. 


indecisiveness about the need for reoperation when the diag- 
nosis of thyroid carcinoma is established only after a lobecto- 
my has been performed. 

This study and others have found that carcinoma occurring 
in thyroid nodules considered to be indeterminate by needle 
biopsy is low grade, and lobectomy is frequently adequate 
treatment. We acknowledge that many patients with well- 
differentiated thyroid carcinoma have an excellent prognosis 
after lobectomy. However, in this series, of eight patients 
with thyroid carcinoma recognized only after surgery, three 
had the follicular variant of papillary carcinoma, and two of 
these three were treated with radioactive iodine. Another 
three of the eight patients were treated with radioactive 
iodine because of metastases to central or anterior superior 
mediastinal lymph nodes or because of a large, low-grade 
follicular thyroid carcinoma. 

Thus, at least in some of the low-grade, well-differentiated 
thyroid carcinomas, the extent of the carcinoma was consid- 
ered sufficient to justify the use of radioactive iodine therapy. 
Others have reported" that, except for very-low-risk, well- 
differentiated thyroid carcinomas, subtotal thyroidectomy 
combined with the selective use of radioactive iodine im- 
proves the outlook. Therefore, for the significant minority of 
patients (perhaps 20%) who have a risk of recurrence and 
subsequent morbidity, an extended operation for all indeter- 
minate thyroid nodules is considered to be justified and does 
not add measurably to the operative risk. 

The amount of thyroid tissue that can be satisfactorily 
ablated by radioactive iodine in an effort to destroy any 
residual thyroid carcinoma, particularly micrometastases, 
throughout the body is not well defined. For maximal thera- 
peutic benefit from radioactive iodine, elimination of all thy- 
roid tissue has been desired. We prefer that less than 5 g of 
thyroid tissue be present when ablation with radioactive 
iodine is to be accomplished. For the patients in this study, a 
minimum of 50 mCi of iodine 131 was administered for abla- 
tion of the thyroid remnant, with a larger dose administered 
on the basis of known micrometastases to regional lymph 
nodes. Uptake ofa tracer dose of radioactive iodine can also be 
used to determine the therapeutic dose.‘ 

Rather than risk subtle hypothyroidism at a later date and 
to possibly reduce the recurrence of benign nodules in residu- 
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al thyroid tissue, it has been our policy to advocate the admin- 
istration of thyroid hormone following subtotal thyroideeto- 
my for indeterminate nodules. There is always the risk, 
however, of patient noncompliance in taking thyroid hormone 
when needed. All but one patient in this study group were 
instructed to take thyroid hormone after surgery. Of those 
patients whose serum TSH levels were determined before 
thyroid hormone intake was initiated, a significant number 
were found te have an elevated or high normal serum TSH 
level. The serum TSH level has been used to monitor the 
adequacy of thyroid hormone dosage. It has been our observa- 
tion that for some patients the postoperative serum TSH level 
is elevated or high normal even following a unilateral thyroid 
lobectomy alone. The cost of taking thyroid hormone for the 
group of patients who prove not to have thyroid carcinoma 
does not appear to be a disadvantage when one considers the 
overall savings achieved by avoiding reoperation for those 
patients whc do have carcinoma as well as the savings 
achieved by reducing the potential for recurrence of benign 
thyroid nodules many years later. 

Subtotal thyroidectomy for indeterminate thyroid nodules 
is justified fer reasons other than avoiding reoperation to 
facilitate the therapeutic administration of radioactive iodine 
in treating thyroid carcinoma that is ultimately recognized. 
The opportunity to study extranodular thyroid tissue from 
both lobes of the thyroid gland for evidence of multicentric 
thyroid carcinoma or intrathyroidal metastases provides ad- 
ditional information to use in deciding whether to administer 
radioactive iodine after surgery. 

Furthermore, during surgery the surgeon will detect in 
some patients gross evidence of small nodules in the contralat- 
eral thyroid lobe not appreciated before surgery, but which 
justify removal. Although ultrasonography can detect thy- 
roid nodules, the routine use of this study is not cost-effective 
in our opinion because needle-aspiration biopsy is more reli- 
able and cheaper in detecting cystic features of a nodule, and 
significant thyroid nodules can be detected by the surgeon 
during surgery. 

Subtotal thyroidectomy for indeterminate thyroid nodules 
may obviate the later occurrence of nodules in the contralater- 
al lobe that then require evaluation and possible reoperation. 
The incidence of benign nodules developing in remaining 
thyroid tissue after lobectomy for benign nodules has been 
reported to be at least 15% after 10 years." We have observed 
that nodular hyperplasia is frequently diffuse throughout the 
thyroid glanc or may coexist with adenomas. Thus, late recur- 
rence of clinically evident benign thyroid nodules can be 
expected in such settings. Also, the precise distinction be- 
tween benign nodular hyperplasia and cellular adenoma is not 
absolute by fine-needle aspiration biopsy. 

Total thyraidectomy has been advocated as the preferred 
operation for benign thyroid nodules.” This appears reason- 
able if the surgeon is confident that extending the operation to 
this degree fer a benign lesion does not increase morbidity. In 
at least some patients, an attempt to remove all thyroid tissue 
ean be expected to increase the risk of permanent hypopara- 
thyroidism. Residual thyroid tissue following subtotal thy- 
roidectomy is effectively eliminated, if necessary, by the 
administration of radioactive iodine without the risks cf an 
absolute total thyroidectomy. 

The broad spectrum of differentiated thyroid carcinoma is 
emphasized in this study, which demonstrates the occurrence 
of incidental oceult thyroid carcinoma associated with a domi- 
nant thyroid nodule that is benign.“ Such incidental carcino- 
mas may be present in other smaller and less evident nodules 

. inthe thyroid or, as occurs more often, as microscopic foci in 
. extranodular thyroid tissue. This usually is not significant in 
considering additional therapy. However, in one of our pa- 
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tients, a microscopic metastasis was found in a lymph noce 
adjacent to the thyroid gland near the location of the occult 
incidental thyroid carcinoma. 

Biopsies of regional lymph nodes in the management of 
thyroid nodules indeterminate by needle biopsy can provide 
additional valuable information in determining treatment. If 
metastasis to a regional lymph node is found during surgery, 
the existence of a primary thyroid carcinoma can be assumed. 
Removal of regional lymph nodes centrally in the neck and 
anterior superior mediastinum can provide helpful informa- 
tion in determining the advisability of administering thera- 
peutic radioactive iodine. 

It has also been our policy to perform biopsies of ipsilateral 
midjugular lymph nodes. If metastatic thyroid carcinoma is 
detected by a biopsy of lateral cervical lymph nodes at the 
time of operation, we perform a functional or modified radical 
lymph node dissection. However, in this series of patients 
with indeterminate thyroid nodules, none of the lateral lymph 
nodes was found to contain metastatic carcinoma. This may 
reflect the lower grade of carcinoma when ultimately recog- 
nized in thyroid nodules indeterminate by needle biopsy. 
Since an evaluation of lymph nodes at the micjugular locatien 
does provide additional information in determining the advis- 
ability of additional treatment with radioactive iodine, we 
have continued the practice. 

Hiirthie cell nodules comprise a significant component of 
indeterminate thyroid nodules. These are notoriously difi- 
cult for pathologists to identify as malignant without studying 
permanent sections after operative removal. Although more 
than a thyroid lobectomy may not be needed for small, low- 
grade Hürthle cell carcinomas, it appears reasonable to per- 
form a subtotal thyroidectomy for such lesions when they are 
large or multiple inasmuch as such lesions appear to be capa- 
ble of metastasis.” In a few patients, low-grade Hürthle cell 
carcinomas of the thyroid gland are multicentric. Although 
the known lack of response of Hürthle cell carcinoma to 
radioactive iodine makes subtotal thyroidectomy unneces- 
sary on this basis, evidence of bilateral nodules in the pres- 
ence of indeterminate Hiirthle cell nodules does justify this 
operative procedure. 

Previous external radiation therapy to the neck further 
indicates the need for treatment of more than a thyroid lobec- 
tomy for thyroid nodules indeterminate by needle biopsy. The 
standard operation advocated for this situation is a near total 
thyroidectomy.” However, only one of the patients in our 
series had received external radiation therapy to the neck, 
and the thyroid nodule in this patient was benign. 

This report also documents the recognition of incidental 
parathyroid adenomas in patients undergcing surgery for 
thyroid nodules." One of the two patients in this series found 
to have an incidental parathyroid adenoma had previously 
received external radiation therapy to the neck region. 

On occasion, patients have multiple palpable thyroid ned- 
ules, often bilateral, that may have varied pathologic charac- 
teristics. We prefer to perform needle biopsies of each of 
these nodules insofar as it is feasible. A history of a multinocu- 
lar thyroid gland of many years’ duration does not rule out the 
presence of carcinoma. 

Although a study of frozen sections for indeterminate tky- 
roid nodules may not provide a more precise diagnosis at 
operation, the pathologist may be able to indicate a degree of 
suspicion of malignancy. However, such impressions may 
prove to be misleading and may not agree with the final 
diagnosis; the surgeon’s judgment remains critical. In cur 
opinion, a subtotal thyroidectomy and appropriate cervieal 
lymph node biopsies constitute reasonable treatment in these 
cases. 

As is evident in the present series, appropriate dosages of 
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radioactive iodine administered after surgery are cap: 
- destroying at least 3 to 4 g of residual thyroid tissue. We also 
. expect radioactive iodine to be capable-of eliminating micro- 
 Scopie metastases, and we use it routinely in cases of proven 
_ extrathyroidal metastasis. 
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invited Commentary 


This article addresses the important clinical question about 
the surgical treatment of patients with indeterminate or saspi- 
cious thyroid nocules by aspiration biopsy cytologic examina- 
tion. The authers suggest that when one cannot determine by 
cytelogie or frozen section examination whether a suspicious 
thyroid nodule is benign or malignant, a total lobectomy on the 
side of the suspicious nodule and a subtotal or near total 
lobectomy on the contralateral side should be performed. The 
authors used such an approach in 37 patients with indetermi- 
nate thyroid nodules. Eight (22%) of the nodules were subse- 
quently proved to be malignant, and three patients received 
postoperative radioactive iodine therapy. None required 
reoperation. 

One must certainly listen to the advice of these experienced 
surgeons; it is difficult to argue with suceess. Percutaneous 
needle biopsy has been shown to be cost-effective and is quite 
accurate in diagnosing patients with papillary, medullary, and 
undifferentiated thyreid cancer. In fact, when an experienced 
cytclogist is available, the results of cytologic studies are more 
accurate than those obtained by frozen section examination. 
Cytologists, however. cannot distinguish between follicular 
adenomas and follicular adenocarcinomas cr between Hürthle 
cell adenomas and Hürthle cell carcinomas. They sometimes 
also have difficulty diagnosing patients who have follicular 
variants of papillary carcinoma, and it is these patients with 
indeterminate nodules whom this report addresses. 

I treat patients with indeterminate thyroid nodules differ- 
ently than do Block et al. In virtually all the studies samma- 
rized by Gharib et al (Ann Intern Med. 1984;101:25-28), about 
20% of thyroid nedules are indeterminate or suspicious, and 
about 20% of these are malignant. I use the term suspicious 
rather than indeterminate because some eytologists use the 
term indeterminate when an inadequate specimen is obtained. 
Patients with insufficient tissue to make a diagnosis should 
undergo a repeated pereutaneous biopsy. Most suspicious nod- 
ules are follicular neoplasms and I reeommend an iodine 123 
scan for these patients. In euthyroid patients in whom the 
nodule is “hot,” as determined by iodine 123 scanning, thyroid- 
ectomy is not required since these nodules are rarely malig- 
nant. When the nodule is “cold,” I recommend thyroideetomy. 
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Prior to thyroidectomy I tell patients that I will probably 
perzorm a thyroid lobectomy for benign nodules and for suspi- 
cious nodules when it cannot be determined whether the lesion 
is malignant. Ifa nodule is malignant, I perform a total or near 
total thyroidectomy. I use frozen section analysis when suspi- 
cious lymph nodes are found or when tumor has an irregular 
margin or appears grossly to be malignant. In about 10% of 
patients with indeterminate or suspicious thyroid nodules, 
carcinoma is diagnosed only later by permanent section. I 
usually reoperate on these patients to complete the total thy- 
roideetomy and discuss this with them prior to the initial 
operation. 

Tie reason I recommend this approach rather than that of 
the authors is that most of these lesions are benign and thus 
only about 10% of patients require reoperation. When only a 
lobectomy is performed, the patients with follicular adenomas 
do not require thyroid hormone treatment. When a total thy- 
roidectomy has been performed, one can use iodine 131 to treat 
any ‘netastases seen with scanning, whereas when a near total 
thyroidectomy has been performed, one must first ablate the 
thyroid remnant and then administer another dose to ablate 
any micrometastases. One might suggest that reoperation is 
associated with a higher incidence of complications, but this 
shouid not be the case when patients only require a lobectomy 
because the recurrent laryngeal nerve and parathyroid glands 
are in virgin territory. 

A though patients with minimally invasive follicular carci- 
nomas and encapsulated papillary thyroid carcinomas that are 
less zhan 1.5 cm are adequately treated by lobectomy alone, it 
is dificult to argue against total thyroidectomy for larger or 
more invasive thyroid carcinomas when this operation can be 
performed safely. In a recent report by DeGroot et al (J Clin 
Endocrinol Metab. 1990;71:414-424), more aggressive thyroid 
surgery (total or near total thyroidectomy) followed by treat- 
mere with radioactive iodine resulted in the fewest recur- 
rences and the best survival rate. 


ORLOo H. CLARK, MD 
San Francisco, Calif 
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Effects of Topical Antimicrobial Agents on the 


Human Neutrophil Respiratory Burst 


John F. Hansbrough, MD; Ramon L. Zapata-Sirvent, MD; Matthew L. Cooper, MD 


e The neutrophil oxidative burst plays an important role in 
killing intracellular microorganisms. We studied the effects of 
topical antimicrobial agents on the N-formyl-.-methionyl-L-leu- 
cyl-L-phenylalanine-stimulated oxidative burst of human periph- 
eral blood neutrophils, using a flow cytometric assay. Mafenide 

-acetate, sulfadiazine silver, gentamicin sulfate, neomycin sul- 
fate~polymyxin B sulfate (Neosporin GU irrigant), acetic acid, 

amphotericin 3, and povidone-iodine inhibited the neutrophil 
oxidative burst at or below clinical concentrations, while 0.25% 
modified diluted sodium hypochlorite (Dakin's) solution caused 
cell death. Bacitracin-polymyxin B sulfate (Polysporin) greatly 

augmented the respiratory burst; this effect was due to the baci- 
tracin comporert. Diluted gentamicin and acetic acid also aug- 
mented intracellular hydrogen peroxide production, but to a 
lesser extent than Polysporin. Inhibition of the respiratory burst 
of neutrophils might be considered when these agents are used 
for topical wcund care, although clinical correlates of these 
effects have not been determined. 

(Arch Surg. *391;126:603-608) 








Antimicrobial agents are commonly applied to various 

3M. types of wounds. The primary benefit of such application 
 isthereducticn of microbial growth in wounds, with resultant 
-promotion of healing. However, some agents are speculated to 
have effectiveness in “chemically débriding” the wound as well 
-as controlling microbial growth. _ 

We recently reported the cytotoxicity of a variety of topical 
antimicrobial agents on growth of cultured human keratino- 
cytes,” and another group has reported the effects of sulfadia- 
zine silver and mafenide acetate on growth and structure of 
cultured fibroblasts." Another recent study demonstrated the 
high toxicity cf sodium hypochlorite (NaClO, the active ingre- 

dient in Dakin’s solution) on function and viability of rabbit 
neutrophils (polymorphonuclear leukocytes [PMNs)), fibro- 
blasts, and endcthelial cells." Few studies have evaluated the 
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effects of topical antimicrobial agents on the functions of host 
defense cells. 

The PMN respiratory burst is critically important in tke 
killing of ingested intracellular mieroorganisms."" Inactiva- 
tion of the respiratory burst by antimicrobial agents would be 
expected to inhibit the ability of wound tissue to control 
microbe proliferation; this effect might in some cases owt- 
weigh the local microbicidal effects of these compounds. 
Therefore, we have examined the respiratory burst of humen 
peripheral blood PMNs after exposure of cells to a variety of 
topical antimicrobial agents. Most of the compounds studied 
markedly inhibited this important PMN function, or eaused 
PMN death. 


MATERIALS AND METHODS 
PMN Preparation 


Blood was collected by venipuncture into heparinized specimen 
tubes (Vaeutainer) from normal volunteers on each day of testing. 
Polymorphonuclear leukocytes were separated on a Ficoll-Hypaque 
gradient (Flow Laboratories Inc, McLean, Va), then washed wich 
Dulbecco's phosphate-buffered saline containing 5 mmol/L of glucose 
and 0.1% gelatin (PBSg; Difeo Laboratories, Detroit, Mich). This was 
followed by hypotonic lysis to remove contaminating erythrocytes. 
Polymorphonuclear leukocytes were resuspended in PBSg and ad- 
justed in number by an automatic cell (Coulter) counter (Coulter 
Electronics Inc, Hialeah, Fla) after mixing with an erythrocyte lysing 
agent (stromatolytie agent) (Hematall, LA-Hgb reagents, Fisher 
Diagnostics, Orangebury, NY) to reach a final concentration of 10° 
cells per milliliter. 


Antimicrobial Agents 


Serial dilutions of the antimicrobial drugs were prepared. Table 1 
lists the individual agents, with their highest concentrations testedin 
this study (the X dose) and the clinical dose commonly administered. 
Serial half-log,, dilutions of X (0.3X, 0.1X, 0.08X, and 0.01X concen- 
trations) were prepared. The indicated final concentration of the test 
agent was incubated with the PMN suspension for 30 minutes, before 
addition of 2,7-dichlorodihydrofluorescein diacetate (DCFH-DA). 


Measurement of PMN Oxidative Burst 


A technique developed by Keston and Brandt" was used to measure . 
intracellular production of hydrogen peroxide, with modifications to 
utilize flow cytometry for quantitation of H,O,.’° Polymorphonuclear - 
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Table 1. —Antimicro5ial Concentrations for Testing 


Clinical Dose 
Commonly Used 


8.5% cream 


‘Highest Test Dose 
(X) 





Mafenide acetate 0.85% solution (4:10 


dilution of clinical 
z i fa ) i 

























Sulfadiazine silver 0.004 


04% suspension 1% cream 
11:250 dilution of 1% 
eam) 









Gentamicin sulfate 1.0 mg/mL (0.19€) 1.0 mg/mL 









Baciracin ^ 500U/mL 

í Polymyxin B sulfate 1» 10* U/mL 

t| Neosporin GU irrigant —— 
|: | :Neomycin sulfate 403 mg/L 

tC times clinical dose) 

Polymyxin B sulfate 2090 U/mL 

tiG times clinical dose) 





1 x 10* U/mL 






40 mg/l. 





200 U/mL 

















5% (1/20 dilution of tut- 
strength solution) 
0.25% NaCIO (131 

dilution of full strength) 


50 mg/L 





Varies widelv 










0.5% NaCIC 
(full strencth] 


Modified Dakin’s 
solution (NaCIC) 
Amphotericin B 












leukocytes, 1 x I0 /mL, were incubated for 30 minutes with the ap- 
propriate concentration of test antimicrobial agent, followed by incu- 
bation with DCFH-DA (final concentration, 0.75 amol/L) in PBSg for 
.. óminutes at 87°C. N-Formyi-L-methionyl-I-leueyl-L-phenylalanine 
(FMLP; final concentration. 1 x 10 * mol/L) was added to an aliquot of 
~ the suspension. The FMLF had been previously titrated to select a 
-  eoneentration that maximally stimulated human PMNs. 
5 2. . Polymorphonuclear leukceytes’ mean channel fluorescence (MCF) 
. was immediately measured by flow cytometry (FACStar, Beeton- 
Diekinson Co, Sunnyvale, Calif) using an excitation wavelength of 
488 nm and an emission wavelength of 530 nm. This measurement was 
designated as T,. After further incubation for 15 minutes at 27°C, 
celis were reanalyzed for MCF (T,,). The flow cytometer electronical- 
ly isolates PMNs from other cell types by forward and side scatter 
(size and granularity) charaeteristics. Fluorescent emission at.53) nm 
was recorded using photomultiplier gain settings so that 75% or 
greater of the fluorescer.ce at T, remained between channels 0 and 110 
(250-channel capacity). Polvmorphonuelear leukocyte samples not 
stimulated with FMLP served as controls for each experiment, and 
the MCF of these celis following 15 minutes incubation was sub- 
`. tracted from the MCF of cells stimulated with FMLP, to control for 
. &utoaetivation of cells. This increase in spontaneous PMN flueres- 
` cence was slight. The differance in MCF at T, and T,, was calculated 
' and expressed as the change in MCF. All assays were performed in 
triplicate. 


Use of Spectrofluorometry to Measure Direct 
Effects of Antimicrobial Agents on DCFH-DA 


Next, 0.75 pmol/L of DCFH-DA was placed in 1 mL of PBSg. 
. Fluorescence was measured using an excitation wavelength of 483 nm 
and a detection wavelength of 530 nm (Kontron SFM25 Spectrofluo- 
. rometer, Kontron Ag, Zurieh, Switzerland). Various concentrations 
*. of modified diluted sodium hypochlorite (Dakin's) solution or bacitra- 
eim were then added to the DCFH-DA selution, and 15 minutes later 
. fluorescence was again measured and the difference calculated. 


. . UseotPropidium iodide (PI) to Determine PMN Viability 
-o One-milliliter PMN suspensions were incubated with PI in a final 


“concentration of 6. 18 mg/L (Sigma Chemical Co, St Louis, Mo) Using 
: flow cytometry, the percentage of viable cells was determined using 














|. 686 nm.” Nonviable cells wil! take up PI and exhibit fluorescence, 
while viable cells will excluce the dye. The percentage of viable cells 
was calculated electronically. | 
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an excitation wavelength of 488 nm and an emission filter of - 









Table 2.— Effects of Drugs on Neutrophil Respiratory Burst* 





Percent of Control Change in MCF With 
Serial Dilutions of Test Drug 

X 0.33X 0.1X  0.03X 0.01X 
20.1¢ 376t 581t 


22.9 788 113.8 

























Mafenide acetate 
Sulfadiazine silver 
‘Gentamicin sulfate 
Polysporin | 
Bacitracin | 
Polymyxin B 









81.6 
123.0 
88.4 





 4931f 3610t 1197 
. 457.9t 2804f 1146 
| 92.6 
116 
153.41. 160.3t 
82t 59 85 





















Modified Dakin's 
solution (NaClO) 


Amphotericin B 





127 626t 576t 
45.818 — 5.518 15.7} 31.5t 1048 


*MCF indicates mean channel fluorescence. X is the starting drug concen- 
tration as given in Table 1. 

12«.05 compared with control value, Student's t test. 

Neosporin GU Irrigant is a combination drug composed of neomycin sulfate 
and polymyxin B sulfate. 

§Greater than 50% cell death by propidium iodide and flow cytometric 
anajysis. 












Statistical Evaluation 


student's t test and analysis of variance were used to compare the 
change in MCF with the various drug concentrations, using the 
ME-TOD program (Medical Research Time Oriented Database, Re- 
triever Data Systems, Seattle, Wash). Statistical significance was 
P«..06. 


RESULTS 


The results of the PMN assay for oxidative burst activity 
are given in Table 2. In this table, the change in the MCF of 
PMNs stimulated with FMLP in the presence of various 
concentrations of each test agent is compared with the change 
in MCF of control (no antimierobial agent), FMLP-stimulated 
PMNs. The X indicates the starting concentration of the 
antimierobial agent under evaluation, which corresponds to 
the clinically used dose of each agent, except for mafenide 
acetate (Sulfamylon, Winthrop-Breon Laboratories, New 
York, NY) and sulfadiazine silver (Silvadene, Marion Labora- 
tories, Kansas City, Mo), which were used in lower dilutions 
(as noted in Table 1), and neomycin sulfate-polymyxin B 
sulfate (Neosporin GU Irrigant, Burroughs Welleome Co, 
Researeh Triangle Park, NC), which was used in a higher 
concentration than commonly employed clinically. A 10096 
value for change in MCF would indicate that the test agent 
had no effect on production of intracellular H,O,. A 50% value 
would indicate a 50% decrease in cytosolic H,O, production, 
while values above 100% would indicate increased production 
of H,O, compared with the controls (cells with no antimicrobi- 
alagent)  . 

Mafenide, à commonly used topical antimierobial for treat- 
ing major burns, is usually applied to the wound as a cream 
with an 8.596 concentration that can also be mixed with saline 
to form a slurry. In some institutions, mafenide is used as an 
aqueous solution, but this preparation is not generally avail- 
able to burn units. We obtained mafenide powder and pre- 
pared a solution of 0.85% for the X concentration. Thus, the 
starting concentration of mafenide was a 10-fold dilution of 
the clinical dose. This drug was inhibitory of the PMN oxida- 
tive burst at all dilutions studied. A 1000-fold dilution of the 
clinical dose of mafenide showed significant inhibition of PMN 
function. 
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O—O No FMLP, No Antimicrobial 
@—@ 0.011 mg/mL 

A—A 0.037 mg/mL 

A—A 0.111 mg/mL 

OX—D 0.333 mg/mL 

@— i mg/m 

V—V FMLP Only 


Mean Channel Fluorescence 


Time, min 
Fig 1.—Human neutrophils were incubated with varying doses (as 
indicated) of gentamicin sulfate without N-formyl-L-methionyl-LJeu- 
cyl-L-phenylalanine (FMLP), or with FMLP only. Gentamicin had only 
a slight effect on initiating the oxidative burst. 


Sulfadiazine silver, a topical antimicrobial agent most com- 
monly used for treating burns in the United States, is sup- 
plied as a eream with a 196 concentration. Sulfadiazine silver 
powder is unavailable for testing. A dilute suspension of the 
cream was made in saline (1/250 dilution of the cream). While 
we were unable to document the solubility of the drug under 
these conditions, we believe that the results still may have 
clinieal relevance. Sulfadiazine silver suspension was mark- 
edly inhibitory of the oxidative burst down to and including a 
10-fold dilution of the X concentration; this would correspond 
to a 2500-fold dilution of sulfadiazine silver cream. 

Gentamicin sulfate (Elkins-Sinn Ine, Cherry Hill, NJ) is 
used as a topieal agent in creams or ointments in a standard 
dose of 1.0 mgémL. The PMN oxidative burst was markedly 
depressed at this drug concentration, while a 0.3X dilution 
(0.3 mg/mL) had no effect. Lower concentrations of gentami- 
cin resulted in augmentation of the oxidative burst, as shown 
in Table 2. When we tested gentamicin for its effect on the 
PMN oxidative burst, in the absence of FMLP, the drug did 
not stimulate PMNs (Fig 1). Thus, gentamicin seems to aug- 
ment FMLP-induced stimulation of the PMN oxidative burst 
but has no PMN-stimulating properties by itself. 

Polysporin (Burroughs Wellcome Co, Research Triangle 
Park, NC), an ointment used for partial-thickness burns and 
other wounds, consists of two antibiotics: bacitracin (500 
U/mL) and polymyxin B sulfate (10 000 U/mL) ina petrolatum 
base. For this study, an aqueous combination of the two 
antibiotics was prepared: bacitracin (Pharma-Tek Inc, Hun- 
tington, NY) and polymyxin B sulfate (Roerig, New York, 
NY), with concentrations of the two drugs identical to those 
found in Polysporin. This combination of drugs produced 
marked stimulation of the oxidative burst at the clinical dose 
and at 0.3X and 0.1X dilutions of the clinical dose, while 
further dilutions caused no alteration. When we examined the 
two agents individually, we found that polymyxin B was 
inhibitory at 0.3X and 0.1X, while bacitracin was stimulatory 
at all dilutions tested. The stimulation was pronounced 
(>280% increase in cell fluorescence) at the clinical concentra- 
tion (X) and at 0.3X and 0.1X. The augmentation of the 
oxidative burst seen with the drug combination could over- 
come the inhibitory effect of polymyxin B used alone (Fig 2). 

. We followed up these observations by examining the ability 
of bacitracin to trigger the PMN oxidative burst. We added 
various concentrations of the drug to the PMN test solut:on, 
after addition ef DCFH-DA, but did not stimulate the cells 
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06 —O Bacitracin 
A —A  Polymyxin B 
O —O Polysporin 


Mean Channel Fluorescence 


0 0.01X 0.03X 01X  0.3X X 


Dilutions 
Fig 2.—Polysporin (bacitracin-polymyxin B sulfate) and its separate 
components were tested for their effects on the intensity of 
the N-formyl-L-methionyl-L-leucyl-L-phenylalanine-stimulated oxida- 
tive burst of polymorphonuclear leukocytes (PMNs). These resurts 
show that bacitracin is the component agent in Polysporin responsible 
for augmenting the PMN oxidative burst. Asterisk indicates P<.05. 


O—O No FMLP, No Antimicrobial 
0—90 6 U/mL 

A— A 19 U/mL 

À — A 56 U/mL 

O—O 167 U/mL 

@—W@B 500 U/mL 

V—V FMLP Only 


Mean Channel Fluorescence 


Time, min 


Fig 3.—Neutrophils were incubated with varying doses (as indicated) 
of bacitracin without N-formyl-L-methionyl-L-leucyl-L-phenylalanime 
(FMLP), or with FMLP only. Bacitracin stimulated the respiratory burst, 
and with several doses, bacitracin produced a more intense oxidative 
burst than FMLP. The FMLP level was selected to stimulate the 
respiratory burst maximally. 


with FMLP. Figure 3 demonstrates that bacitracin in higher 
doses triggers the oxidative burst, without the requirement 
for FMLP as a membrane stimulant. Maximal stimulation 
occurs at 111 and 333 U/mL of bacitracin, and changes in MCF 
with these drug doses are equivalent to changes seen with 
FMLP alone. Thus, bacitracin by itself stimulates the PMN 
oxidative burst and, when used together with FMLP, results 
in an augmented burst. This is in contradistinction to the 
effects seen with gentamicin (Fig 1). 

Neosporin GU Irrigant is a combination of neomycin sulfate 
and polymyxin B sulfate. Neosporin continues to be used for 


wound treatment, although the company has withdrawn Ks — 


recommendation of the drug for this purpose. This drug com- 
bination has a moderate inhibitory effect on the oxidative 
burst in the first three doses tested, down to 0.1X drug 
concentration. We began (the X dose) with a 10-fold concen- 
tration of the usual Neosporin clinical dose, owing to our 
previous studies showing no toxicity to keratinocytes at cliri- 
cal levels of the drug.” 
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O—O No FMLP, No Antimicrobial 


Mean Channel Fluorescence 


Time, min 
Fig 4.—Acetic acid minimaily stimulated hydrogen peroxide produc- 
tion in neutrophils. FMLP indicates N-formyl-L-methionyl-L-leucyl-L- 
phenylalanine. 


Acetie acid is used clinically for irrigation and is supplied as 
a 0.2596 solution (the X dose). We found an acidic pH (4.14) at 
the X dose, when acetic acid was added to the PMN medium 
(PBSg). The 1X and 0.3X concentrations markedly inhibited 
the PMN oxidative burst. At 0.1X concentration, the pH was 
6.46; we found slight inhibition at this concentration, while 
lower concentrations were slightly stimulatory. However, 
acetic acid in the absenee of FMLP had no ability to trigger 
the PMN oxidative burst (Fig 4). 

Povidone-iodine (Betadine solution, Purdue Frederick Co, 
Norwalk, Conn) is used as a topical agent for many types of 
wounds and is an antiseptic for skin. We began (X dose) with a 
20-fold dilution of the full-strength solution as supplied. This 
compound markedly inhibited the oxidative burst down to a 
10-fold dilution of the X dose, which would be a 200-fold 
dilution of full-strength povidone-iodine. Further dilutions 
were mildly inhibitory, but the values were not statistically 
differen: from control values. 

Modified Dakin's solution is made from household bleach, 
baking soda, and water. The standard solution is 12 mL of 
bleach (Clorox, 5.25% sodium hypochlorite, The Clorox Co, 
Oakland, Calif), 120 mL of water, and 10 mL of baking soda. 
This concentration of solution is referred to as full-strength 
modified Dakin’s solution. The highest strength tested was 
50%, or half strength, owing to the high osmolarity and pH of 
the full-strength solution. At quarter strength, the osmolari- 
ty is still high (445 mOsm), and the pH is 7.87. At a 
10-fold dilution of this strength, the pH is 7.66 and the osmo- 
larity 387 mOsm. 

Most PMNs incubated in 0.25% modified Dakin’s solution 
exhibited loss of normal forward and side scatter by flow 
cytometry, consistent with cell death; nevertheless, the ap- 
parently nonviable eells exhibited bright fluorescence, indi- 
cating cenversion of intracellular DCFH to 2,7-dichlorodihy- 
drofluorescein. The use of PI and flow cytometry confirmed 
that more than 50% of the cells were nonviable (Table 3) after 
short exposure to modified Dakin’s solution. At lower concen- 
trations of moditied Dakin’s solution, cell death was minimal. 
At 0.3X and 0. LX concentrations of the solution, fluorescence 
of viable cells was normal (Table 2), while at the two lower 
concentrations, fluorescence was depressed. 

To investigate this unusual dose-effect relationship fur- 
ther, we utilized a spectrofluorometer and studied the effect 
of modified Dakin’s solution on DCFH-DA in the absence of 
cells. As can be seen in Table 4, modified Dakin’s solution 
caused intense fluorescence of DCF H-DA, indicating a direct 
effect on the dye. This probably explains the normal fluores- 
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Table 3.—Neutrophil Viability 


Percentage of Viable Cells 
by Propidium lodide 


Test Agent and Flow Cytometry 


Buffer only 
Modified Dakin's solution (NaClO) 
0.2596 


0.083% 
0.028% 


*P<.05 compared with buffer. 





Table 4.— Direct Effect of Antimicrobials on DCFH-DA* 
Fluorescent 
Test Agent Units 


PBS (buffer only) 

DCFH-DA 

DCFH-DA, modified Dakin's solution (NaClO) 
0.25% 
0.083% 


0.028% 
DCFH-DA, bacitracin 

500 U/mL 

167 U/mL 





*DCFH-DA indicates 2,7-dichlorodihydrofluorescein diacetate; PBS, phos- 
phate-buffered saline. 


cence of PMNs exposed to 0.3X and 0.1X concentrations of 
modified Dakin’s solution, while lower concentrations of the 
solution inhibit PMN H,O, production. With the two lower 
concentrations of modified Dakin’s solution, there must not be 
sufficient intracellular NaClO attained to cause direct fluores- 
cence of DCFH-DA, but there is sufficient NaClO to depress 
cellular oxidative metabolism. We suspect that all of the 
dilute concentrations of modified Dakin’s solution are, in fact, 
inhibitory of PMN oxidative burst activity, but this is impos- 
sible to prove. However, 0.25% NaClO (one-half strength 
modified Dakin’s solution) is clearly highly cytotoxic to 
PMNs. 

We then tested bacitracin to determine if a direct effect of 
this drug on DCFH-DA could explain the increased fluores- 
cence of PMNs treated with this agent. As shown in Table 4, 
bacitracin produced only slight fluorescence of DCFH-DA, 
indicating that the marked augmentation of PMN oxidative 
burst activity by this drug must be due to its effect on cell 
metabolism. 

Amphotericin B, a polyene agent that is used systemically 
and topically for treating fungal infections; is available as a3% 
concentration of cream, lotion, or ointment.” Our highest test 
dose (the X dose) was only 50 mg/L (0.05% concentration); 
this drug was highly inhibitory of PMN respiratory burst 
activity down to a 0.03X concentration. The X and 0.3X 
concentrations of amphotericin B produced more than 50% 
death of PMNs, as measured by PI. 


COMMENT 


The effort to disinfect or control infection in wounds and 
simultaneously promote healing has become a controversial 
issue. The clinical use of topical antimicrobial substances is 
common in clean, contaminated, and chronic wounds, and the 
achievement of bacterial balance frequently plays a critical 
role in the ability of wounds to heal. Delivering systemic 
antibiotics to such wounds is usually limited, perhaps related 
to fibrin" and glycoprotein" deposition in the wound bed. 

However, increasing studies show that many topical anti- 
septic and antimicrobial agents are injurious to cells that are 
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important in wound healing. Intact skin can withstand expo- 
sure to strong disinfective agents, while many cells of the 
wound may be highly susceptible to injury from these com- 
pounds. Several studies have documented the effects of vari- 
ous antiseptie and antimicrobial agents on cellular cytotoxic 
reaction, ^ including effects on leukocytes. " 

A more recent study examined the effects of varying eon- 
centrations of an antiseptic (1% and 5% povidone-iodine) on 
PMN accumulation and cytotoxic reaction and compared 
these results with clinical results of the same agent used for 
irrigating wounds in patients with appendicitis. This study 
found that the lower concentration of povidone-iodine was 
less toxic to PMNs while retaining antimicrobial effects, and 
also resulted in improved clinical outcome. However, that 
study utilized a laborious cellulose sponge implant assay to 
evaluate PMN migration and viability. 

Few studies are available that have examined the effects of 
antimicrobial agents on specific cellular functions. With the 
expansion of research in cell biology, excellent assays are 
available to Getect specific derangements in PMN function. 
We studied the effects of various agents on the PMN respira- 

tory burst. The production of high-energy oxygen intermedi- 
ates, including superoxide anion and H,0,, plays a key role in 
the ability of PMNs to kill intracellular microbes. '" The ability 
of PMNs to generate oxygen intermediates correlates with 
assays of intracellular killing,” and defects in any portion of 
the biochemiza! pathways leading to these compounds can 
cause decreases in bactericidal efficiency.” 

We used a flow-cytometric method to measure H,O, pro- 
duction in FMLP-stimulated human PMNs after exposure in 
vitro to a large range of concentrations of various antimicrobi- 
al agents. The DCFH-DA is a stable, nonpolar, nonfluores- 
cent compound that diffuses through the cell membrane, 
where it is hydrolyzed to polar DCFH and trapped intracellu- 
larly. In the presence of H,O,, cytosolic DCFH is hydrolyzed 
to fluorescent 2,7-dichlorodihydrofluorescein, which can be 
detected by fow cytometry. This assay is rapid, quantitative, 
and linearly related to the quantity of intracellular H,O,." In 
addition, the assay allows the investigator to focus precisely 
on this critics! function of the PMN population since contami- 
nating cell types can be eliminated from analysis using elec- 
tronic gating. The method is superior to the use of chemolu- 
minescence assays, which do not eliminate contaminating cell 
populations from the assay and do not allow measurement of 
metabolism of individual cells. For example, flow cytometry 
allows the identification of subpopulations of PMNs with 
marked differences in oxidative metabolism in patients with 
infections.” 

We studied the effects on the oxidative burst of a short (30- 
minute) exposure of PMNs to various antimicrobial agents. 
As noted in Table 2, mafenide, sulfadiazine silver, gentami- 
cin, acetic acid, and povidone-iodine were highly inhibitory to 
the oxidative burst at clinically used concentrations and after 
short (30-minute) exposure to cells. Modified Dakin's solution 
(0.25% NaCl) caused extensive death of PMNs, confirmed 
by a vital dye assay that also employs flow cytometry. Poly- 
sporin seemed to stimulate PMN oxidative burst activity at 
the clinical desage. 

A number ef previous reports describe the effects of antibi- 
oties on phagecytie cell functions, but these have been limited 
to drugs that are used systemically. Studies suggestec an 
augmentation of phagocytic and bactericidal abilities of 

. PMNs by clindamycin,” but the effect was unrelated to oxida- 

tive metabolism. Several groups have found inhibition of 
PMN metabolism by multiple antibiotics using various types 
- of chemoluminescence assays."^ One of these studies also 
reported augmentation of PMN chemoluminescence by cef- 
triaxone, encxacin, and norfloxacin.” We were particularly 
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interested in the topically administered agents, since their 
local concentrations in the wound can be high and because of 
our interest in delivering antimicrobials to various wound 
types, including wounds covered with grafts composed of 
cultured cells. 

We found an augmented PMN oxidative burst with various 
concentrations of three antimicrobial agents: gentamicm, 
bacitracin, and acetic acid. While neither acetic acid nor gen- 
tamicin had PMN-stimulatory properties alone (in the ab- 
sence of FMLP), bacitracin triggered a vigorous oxidatwe 
burst without the addition of FMLP and appeared to have a 
synergistic effect on PMN H,O, production when used in 
combination with FMLP. 

While bacitracin in our studies triggered the PMN oxica- 
tive burst, it remains unexplained why bacitracin seems to 5e 
synergistic with FMLP in regard to the level of intracellular 
H,O, generated. Cytochalasin B has been shown to augment 
the oxidative burst response to FMLP,” and wound PMNs 
have been shown to have increased activity of reduced nico- 
tinamide-adenine dinucleotide phosphate (NADPH) oxidase, 
leading to heightened superoxide anion production.” In addi- 
tion, PMN subpopulations with increased oxidative product 
formation have been identified in infected patients.” Potenti- 
ation or priming by bacitracin of PMN oxidative burst capaci- 
ty is certainly possible. In the case of gentamicin, no stimuia- 
tion was seen with this agent alone, but when used wih 
FMLP, the magnitude of the oxidative burst was increased. 
Other reasons for alterations in oxidative burst aetivity are 
possible, such as changes in cellular uptake of the dye, inter- 
actions of dye with PMN granules, changes in levels or activi- 
ty of cytosolic antioxidants (catalase, reduced glutathione, or 
glutathione peroxidase), or alterations in cellular release of 
H,O, into the environment.” 

The action of bacitracin in triggering the PMN oxidative 
burst is probably undesirable, since the cells would likely 
become metabolically exhausted, and tissue injury may 5e 
produced by high local levels of oxygen intermediates.” Pro- 
longed in vitro studies of PMN oxidative burst capacity are 
difficult since the cells do not remain metabolically active 
after several hours, and studies of cell-free preparations 
would be necessary. 

Events leading to triggering of the PMN oxidative burst 
are poorly understood. Phagocyte stimulation is associated 
with activation of the hexose monophosphate shunt and 
NADPH oxidase. The NADPH oxidase funetion requires at 
least two cytosolic factors, one of which is phosphorylated 
with cell activation. Both cytosolic factors interact with the 
plasma membrane and are probably translocated to the plas- 
ma membrane for activation. The cytosolic factors interact in 
some way with a plasma membrane-associated electron trans- 
port chain comprising cytochrome b,,. Electron transfer 
along this chain is required for reduction of oxygen to super- 
oxide anion; superoxide dismutase then converts superoxide 
anion to H,O,. Although it is known that membrane depolar- 
ization temporally precedes the oxidative burst," a eausal 
relationship has not been established. Depolarizing buffers 
containing high concentrations of potassium, glycolytic inhib- 
itors, and membrane-binding antibodies can blunt the PMN 
oxidative burst." Evaluation of effects of the antimierob;al 
drugs on non-membrane-stimulating effeetors of the oxida- 
tive burst, such as phorbol myristate acetate, which directly 
activates protein kinase C, may offer further insight into the 
mechanisms of action of the various agents. Presumab.y, 
inhibition or potentiation could occur at any point in the 
complex cascade of events leading to H,O, production. 

It will be interesting further to pursue mechanisms respon- 
sible for the exceptional inhibitory effects of the two agents 
that are commonly used for topical burn care: sulfadiazine 
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_ Silver and mafenide. Beca 
.. tery in low concentrations, it would be important to deter- 
. Mine ifthese drugs may eontribute to systemic PMN dysfunc- 
—. tion in the burn patent who has large wound areas treated 
-With these topical antimicrobials. Evenif systemic absorption 
-of the compounds is Emited, PMNs passing through tissues 
.. adjacent to the wound may be exposed to sufficient drug to 
_ suffer inhibition of the oxidative burst. We have not deter- 
mined if the inhibition we have identified with any of the 
drugs is reversible. 
The results of these experimerts should be interpreted 
with caution. Direct antimicrobial effects of some of the drugs 
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'ause these two compounds are inhibi- 








may outweigh their inhibitory effects on host cells responsible 
for control of microorganism growth in the wound. However, 
further studies should be performed in the search for agents 
for topical use that will effectively control microorganism 
growth and minimally affect host defense functions. In addi- 
ticn, similar studies should be performed with systemically 
used antibioties to determine if those drugs might lead to 
activation, priming, or exhaustion of PMNs. 


This study was supported in part by grant GM08247 from the National 
Institutes of Health, Bethesda, Md. 
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The Impact of Uleerogenic Drugs on Surgery 


for the Treatment of Peptic Uleer Disease 


David W. Bliss, MD, Bruce E. Stabile, MD 


e To investigate the impact of uicerogenic drugs on surgery 
for the treatmen: of peptic uicer disease, we reviewed 150 surgi- 
cal cases. Ulcerogenic drug use (steroids and/or nonstercidal 
anti-inflammatory agents, including aspirin) increased from 1596 
between 1972 and 1977 to 37% between 1983 and 1988. While 
there was no correlation between ulcerogenic drug use and 
hemorrhage, obstruction, or intractable pain, 16 (52%) of the 31 
perforations end 26 (38%) of the 69 emergency operations were 
associated with use of ulcerogenic drugs. The overall mortality 
rate was 11%. Death was correlated with age greater than 65 
years and emergency operation, but not with ulcerogenic drug 
useor other variables. Of 12 patients with histories of peptic uicer 
disease who were treated with ulcerogenic drugs without con- 
comitant antiuicer prophylaxis, 11 (92%) required emergency 
operation to treat perforation or massive hemorrhage. Standard 
antiulcer medications or misoprostol shouid be prescribed to 
elderly patients and to those with histories of ulcers who require 
ulcerogenic drug therapy. 

(Arch Surg. 1991;126:609-612) 


t is generally accepted that regular use of nonsteroidal 

anti-inflammatory drugs (NSAIDs) and high-dose steroids 
contribute to the development and severity of peptic ulcer 
disease.'* However, there has been little analysis of the asso- 
ciation between use of these medications and the need for 
surgery to treat ulcer complications. Neglect of this issue may 
be aseribed in part to recent declines in the prevalence of 
peptic ulcers and in surgery to treat the condition.’ The 
reasons for the decline in ulcer prevalence remain largely 
unknown, but the decrease in elective ulcer surgery has been 
attributed to the effectiveness of the histamine, (H,)-receptor 
antagonists in controlling uncomplicated peptic ulcer disease. 
Nevertheless, several reports have documented stable prev- 
alence rates of severe ulcer complications requiring emergen- 
cy or urgent cperation."" This seemingly dichotomous persis- 
tence of severe ulcer complications requiring surgery may be 
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the result of widespread and increasing use of ulcerogenic 
drugs. Of partieular concern are aspirin and the nonaspirin 
NSAIDs, which are extensively prescribed for rheumatic 
pain relief. Epidemiologic evidence suggests a doubling or 
quadrupling of the risk of ulcer complications or death among 
patients treated with these drugs.’ We attempt to elucidate 
the impact of ulcerogenic drug use on peptic ulcer complica- 
tions requiring surgery and to assess the magnitude of tae 
problem before and after the introduction of H,-receptor 
antagonists. 


PATIENTS AND METHODS 


To study iatrogenic factors in peptic ulcer surgery, a retrospective 
review of 150 surgical cases at the San Diego, Calif, Veterans Affais 
Medical Center was undertaken. Seventy-five cases were randomly 
selected from a 6-year period (1972 to 1977) before the introductionof 
H,-receptor antagonists (group 1), and 75 cases were similarly seleet- 
ed from a 6-year period (1983 to 1988) after H, blockers were common- 
ly used (group 2). Charts were reviewed with special attention to 
tobacco and alcohol abuse, use of systemic steroids and NSAIDs 
(including aspirin), history of peptic ulcers and of compliance with 
antiuleer therapy, complieations from ulcers, indications for surgery, 
ulcer location, surgical procedure, surgical complications, and mcr- 
tality. Specifically excluded from analysis were patients with ulcerat- 
ing gastroduodenal neoplasms, stress ulcers, and upper gastrointes- 
tinal hemorrhage from all sources other than benign peptic ulcer 
disease. Statistical associations were determined using Yates x' 
analysis or Fisher’s Exact Test. Values of P<.05 were considered 
significant. 


RESULTS 


Of the 150 patients, 145 (97%) were men. The mean age was 
57 years (range, 24 to 90 years). There were no significant 
differences between groups 1 and 2 with respect to sex, age, 
tobacco or alcohol abuse, prior history of peptic ulcer disease, 
ulcer location, compliance with antiulcer therapy, or postop- 
erative mortality (Table 1). A significant decrease in intracta- 
ble pain as an indication for surgery from 36% in group 1 :o 
12% in group 2 was noteworthy. Perforation, hemorrhage, 
and obstruction as indications for operation occurred more 
often in group 2, but not significantly so. Nonfatal postopera- 
tive complications significantly decreased from 35% in group 
1 to 20% in group 2. Ulcerogenic drugs (steroids and/er 
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Table 1.—Clinical Characterization of Study Groups* 


Patient Group 1 Group 2 Total 
Characteristics (n=75) (m=75) (N=150) 

Mean age, y 55 59 57 
Tobacco use 43 49 92 
Alcohol use 32 34 66 
History of ulcer 54 62 116 
Ulcer treatment 43 46 89 
Compliance with antiulcer therapy 25 30 55 





Ulcerogenic drug use- 


Duodenal ulcer/gastrie ulcer 54/21 49/26 103/47 
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Paint 27 9 36 
Perforation 12 19 31 
Hemorrhage 31 36 67 
Obstruction 5 11 16 
Emergency operation 30 39 69 
|  Ulcer-related death 8 9 17 
| Complications 26 15 41 


*All values for patient characteristics are numbers of cases, except for mean 


age. 
tP<.002 between groups 1 and 2. 
+P<.05 between groups 1 and 2. 


NSAIDs) were regularly used by only 15% of patients in 
group 1 but by 37% 3f patients in group 2. The difference was 
highly significant and was explained by the increase in 
NSAID use (from 11% in group 1 to 33% in group 2) rather 
than by an increase n steroid use. 

While there was no significant correlation between ulcero- 
genic drug use and hemorrhage, obstruction, or intractable 
pain as indications for operation, 16 (5296) of the 31 perfora- 
tions were associated with these medications (P = .001). The 
relative frequencies of indications for surgery among patients 
who had and had no: used ulcerogenic drugs are presented in 
the Figure. Of the 59 emergency operations, 26 (88%) were 
associated with ulcerogenic drug use (P = .003). There was no 
statistical relationship between ulcerogenic drug use and ul- 
cer location. 

A total of 17 pa-ients (11%) died after surgery, and 41 
patients (27%) suffered nonfatal postoperative complications. 
There was no correlation between ulcerogenic drug use and 
postoperative mortality or morbidity. Death was correlated 
with age greater than 65 years (P — .009), operation for treat- 
ment of perforation or hemorrhage (P = .017), and emergency 
operation (P —.001. (Table 2). There was no correlation be- 
tween death and tobaeco or alcohol abuse, location of uleer, or 
type of operation performed. 

Notably, all seven patients in group 1 with histories of 
peptie uleer disease and ulcerogenic drug use had been pre- 
seribed antacids, the most effective agent then available. In 
comparison, only 19 (45%) of 22 similar patients in group 2 
were prescribed H, antagonists or antacids (P = .023). Of the 
12 patients not receiving antiulcer medications, 11 (9296) 
presented with per-orations or exigent hemorrhage that re- 


quired emergency cperation. 
COMMENT 


There has been considerable recent concern about the 
growing problem cf ulcerogenic medications as a cause of 
iatrogenic morbidity, particularly in the elderly. Specifically, 
gastropathy associzted with NSAID use is now thought to be 
the most frequent and, in the aggregate, the most severe drug 
side effect in the United States. Current estimates indicate 


610 Arch Surg — Vol 125. May 1991 


lll Ulcerogenic Drugs 
O No Ulcerogenic Drugs 


Frequency of Indications for Surgery, 96 





Perforation Hemorrhage Obstruction Pain 
(n=31) (n=67) (n=16) (n=36) 


Frequencies of indications for surgery among patients who have and 
have not received ulcerogenic drugs. 


Table 2.— Association of Postoperative Mortality With Age, 
Indications for Surgery, and Surgical Category 


No. (%) of 
Deaths 
Age, y 
>65 9 (23) 
<65 8 (7) 


Indications for surgery 
Perforation 


5 (16) 
Hemorrhage 11 (16) 
Obstruction 0 (0) 
Pain 1 (3) 


Surgical category 
Emergency 15 (22) 


Elective 2 (2) 





that greater than 1.2% of the entire US population uses 
NSAIDs daily and that the syndrome of NSAID-associated 
gastropathy causes more than 20000 hospitalizations and 
2600 deaths each year." Collier and Pain’ found a statistically 
significant correlation between the rate of NSAID consump- 
tion and peptic ulcer perforation in patients greater than age 
65 years and an increased rate of ulcer perforation among 
steroid users. Furthermore, it has been noted that the group 
of NSAID users most at risk for perforation (aged 75 years or 
greater with prior peptic ulcer disease) had the highest 
NSAID prescription rate of any group." Horowitz et al" 
found that one half of both gastric and duodenal ulcer perfora- 
tiens were preceded by NSAID use. Similarly, we have found 
that (1) there was a statistically significant increase in the 
prevalence of NSAID use by patients requiring ulcer surgery 
during the periods studied, (2) ulcer perforation was closely 
related to the use of these medications, (3) emergency proce- 
dures with high morbidity rates had to be performed more 
often in patients who had used ulcerogenic drugs, and 
(4) mortality was highly correlated with advanced age. 

The factors responsible for the increased risks of drug- 
induced ulceration and ulcer-related morbidity among the 
elderly are under investigation. Despite the decrease in gas- 
tric secretion of hydrochloric acid and pepsinogen with aging, 
elderly humans and laboratory animals remain particularly 
susceptible to chemically induced mucosal injury.*”™ This is 


Ulcerogenic Drugs—Bliss & Stabile 





- thought to be due to age-related chronic atrophic gastritis 
that is accompanied by a decreased regenerative capacity of 
the mucosa and an increased susceptibility to damaging 
agents.” Reductions in gastrie mucosal weight, DNA and 
RNA contents, and acid-stimulated duodenal bicarbonate se- 
cretion have been demonstrated in older rats." Investiga- 
tions by Kim et al" suggest that decreased release of two 
mediators of acid-stimulated duodenal bicarbonate secretion, 
vasoactive intestinal polypeptide and prostaglandin E;, may 
be responsibie for the impaired mucosal defense mechan:sms 
associated with advanced age. Indeed, significant reductions 
in the mucosal production of several prostaglandins, including 
prostaglandin E,, have accompanied indomethacin adminis- 
tration that caused lethal perforated antral ulcers in ham- 
sters.” Very recently, Cryer et al" demonstrated in human 
volunteers that aspirin, but not a placebo or the nonacetylated 
salicylate, salsalate, caused acute gastroduodenal mucosal 
injury and reductions in mucosal prostaglandin E, and F; 
-contents of greater than 90% compared with pretreatment 
values. 

Although it was not shown statistically by this study, other 
investigators have suggested a relationship between NSAID 
intake and peptic ulcer hemorrhage. Two independent stud- 
ies found an approximately 60% rate of NSAID use among 
patients presenting with acute bleeding, while control group 
consumption rates varied from 10% to 18%." The endoscopic 
evidence suggests a higher than 40% rate of gastroduodenal 
erosions, ulcerations, and bleeding leading to anemia in pa- 
tients using NSAIDs.” Moreover, Carson et al" demon- 
strated a linear dose-response relationship between NSAID 
intake and the incidence and severity of peptic uleer hemor- 
rhage. Other studies, including ours, have shown no apparent 
causal relationship between NSAID use and hemorrhage.” 

Although the causal relationship between NSAID intake 
and hemorrhage remains somewhat controversial, the evi- 
dence is streng that NSAIDs increase the severity of ulcer 
complications and their attendant morbidity and mortal- 
ity. 22 Armstrong and Blower” found that, in 58% of pa- 
tients using NSAIDs, the first indication of peptic ulcer dis- 
ease was a life-threatening complication. Peoples" noted that 
NSAID users presenting with hemorrhage required surgical 
intervention at a rate (80%) fourfold that of nonusers and had 
a mortality rate (15%) threefold that of nonusers. 

A persistent controversy concerning peptic ulcer disease is 
the decreased numbers of gastroduodenal ulcer operations. 
Recently, McConnell et al’ have argued that much of the 
decline may be due to a decrease in the number of patients 
referred for treatment of intractable pain. In their study, 49% 
of surgeries performed before the introduction of H, antago- 
nists were performed because of pain, while only 18% of such 
surgeries were performed after the introduction of H, antago- 
nists. We found that intractable pain has almost disappeared 
as an indication for operation and that this decrease most 
certainly explains some of the decline in the rate of surgical 
intervention. 

Despite the existence of powerful antiuleer medications, a 
number of patients at high risk of complications appear to be 
treated inadequately or not at all. Available information indi- 
cates that elderly women with histories of peptic ulcer disease 
and/or upper gastrointestinal bleeding are particularly likely 
to suffer severe complications of NSAID use.” Regrettably, 
these drugs appear not only to induce and exacerbate gastro- 
_. duodenal ulceration, but also to mask the symptoms by virtue 
= of their analgesic effects. 

While antacids, H,-receptor antagonists, and sucralfate are 








"well established as effective antiulcer agents, their effective- 


x mess in the treatment and prevention of NSAID-indaced 
ie . gastric and duodenal ulcers remains controversial.”” Data on 
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omeprazole are almost nonexistent, but the drug has been 
shown to prevent indomethacin-induced antrakulcers in ham- 
sters.” Of special interest in the management of gastric and 
duodenal ulcers associated with NSAID use is a new agent 
that has recently been approved by the Food and Drug Ad- 
ministration."* Misoprostol is a methyl analog of prostaglan- 
din E, that has been shown to decrease gastric acid secret:on 
and to increase gastrie mucosal secretion of bicarbonate and 
mucus.” Graham et al" demonstrated endoscopically that 
misoprostol decreases the rate of ulcer formation in patients 
treated with NSAIDs nearly 15-fold when given at the recam- 
mended dose of 200 pg four times daily. The agent is thought 
to be particularly useful in this context because it causes 
replacement of endogenous cytoprotective prostaglandins 
whose synthesis is interrupted by NSAIDs. Recent studies 
have demonstrated that misoprostol protected the gastric 
mucosa from NSAID injury in both antisecretory (200 pg and 
100 pg) and nonantisecretory (50 pg) doses, while only antise- 
cretory doses were effective for duodenal protection.” This 
suggests that the acid-suppressive effect of misoprosto: is 
required for protection of the duodenal mucosa. The drug has 
also been demonstrated to be as effective as H, blockers in 
healing idiopathie gastroduodenal uleers."" More adverse 
side effects were reported with misoprostol, however. These 
included inereased gastrointestinal motility and diarrhea, 
uterine contractions, and dysmenorrhea. Furthermore, mis- 
oprostol was less effective in relieving ulcer pain and is eon- 
traindicated in pregnancy. Finally, the cost of this new agent 
is approximately 1.4 times that of a therapeutic regimer of 
cimetidine hydrochloride (800 mg administered four times 
daily). 

Ulcerogenic drug use is now commonplace among the popu- 
lation most at risk of peptic ulcer complications— elderly indi- 
viduals with histories of ulcer disease. These drugs appear to 
be strongly correlated with ulcer perforation and the need for 
emergency surgery, which has a high morbidity rate. There- 
fore, we recommend that patients at high risk of developmg 
ulcer complications who require high-dose systemic steraids 
or NSAIDs be afforded concomitant prophylactic therapy 
with either standard antiulcer agents or misoprostol. 
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Histopathologic Features of High-Grade Non-Hodgkin's Lymphomas in 

Acquired Immunodeficiency Syndrome 
Martine Raphael, MD: Odile Gentilhomme, MD; Micheline Tulliez, MD; Paul-André Byron, MD; 
Jacques Diebold, MD; and the French Study Group of Pathology for Human Immunodeficiency Virus- 
Associated Tumors 


High-grade B-cell non-Hodgkin's lymphemas are observed in 5% to 10% of patients with acquired 
immunodeficiency syndrome. To describe their histologie subtypes, a group of pathologists was formed. One 
hundred thirteen cases were reviewed and classified according to the Working Formulation, the updated Kiel ! 
classification, and a recent description of morphologie variants of high-grade B-cell non-Hodgkin's lymphoma. — 
Three major types of intermediate- or high-grade lymphomas were observed: (1) large-cell or centroblastic | 
mainly polymorphic lymphomas with a component of immunoblasts (35 cases); (2) immunoblastic lymphomas 
with plasmablastic and plasmacytie features in most cases (33 cases); and (3) small noncleaved cell Burkitt’s 
er non-Burkitt’s lymphoma (41 eases), with 15 cases fitting typieal criteria of Burkitt’s lymphoma and 26 
heterogeneous cases in which the size and shape ef the cells and the presence of plasmablastic features 
varied. The most frequent pathologie sites of involvement at presentation were the lymph nodes, gastroin- 
testinal tract, bone marrow, brain, oral cavity, and museles. A comparison between the histologic type and 
the site ef invelvement showed that most cases involving lymph nodes, bone marrow, or muscles were small 
noncleaved cell Burkitt's or non-Burkitt's lymphomas, while those that affected the gastrointestinal tract, 
brain, ard ora! cavity were centroblastie or immunoblastie lymphomas with consistent plasmacytic differen- 
tiation. In 10 eases, previous persistent generalized lymphadenopathy syndrome was present. In 13 cases, 
the lymphomatous proliferation was associated with follicular or diffuse hyperplasia seen on the same lymph 
node biopsy specimen or in another lymph nede (Arch Pathol Lab Med. 1991;115:15-20). E 
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studies in pregnant women. Because animal reproduction studies are 
not always predictive of human response, this drug shou'd be used 
duang pregnancy only if clearly needed. 
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Repair of Abdominal Aortic Aneurysms 


A Statewide Experience 


J. David Richardson, MD, Karen A. Main, PhD 


.. © The results of elective treatment of abdominal aortic aneur- 
^. ysmsare excellent in mary institutions. To our knowledge, how- 
ever, no study has compared the results in a large geographic 
Um area in which patients were treated by a variety of surgeons and 
.. hospitals. We studied the results of repairing abdominal aortic 
. aneurysms for ali Medicare recipients during a single year in 
Kentucky. One hundred thirty-six operations:were performed by 
52 surgeons in 31 hospitais, Overall operative mortality was 1896; 
eiective and emergency operative mortality rates were 6% and 
43%, respectively. Advancing age did not affect outcome, but 
mortality due to ruptured aneurysms was higher in smaller hospi- 
tals than in larger hospitals. The low mortality for elective repair 
of abdominal aortic aneurysms in an elderly population by nu- 
merous surgeons in divergent hospitals is a strong indication for 
its liberai use compared with the high mortality and morbidity of 

emergency surgery. 

(Arch Surg. 1991 :126:67 4-616) 


A s the US population ages, vascular operations are being 
. & considered for an increasing number of patients. The 
repair of vascular lesions, such as abdominal aortic aneurysms 
(AAAs), was once undertaken primarily in tertiary medical 
institutions. These problems are now being treated in a broad 
range of institutions by a variety of surgeons. While many 
institutions have reported excellent results of AAA repair, the 
risk of treatment in divergent institutions by physicians with 
differen: degrees of experience has not been determined. The 
potential risk from operative repair, especially in the elderly, 
has led to a recommendation for nonoperative observation in 
|. many patients. We report the results of AAA repair inelderly 
. patients across an entire state by multiple surgeons in diverse 

^. practice situations. 


PATIENTS AND METHODS 


-. This study was undertaken by the Data and Education Committee 
of the Kentucky Professional Review Organization as part of a con- 
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tract with the Health Care Financing Administration (HCFA). Our 
professional review organization was in charge of developing a quali- 
ty'assurance program for vascular operations performed on Medicare 
patients. The medical records of all patients who underwent AAA 
reoair in 1983 were reviewed in all Kentucky hospitals that treat 
Medicare patients. The billing data submitted to Medicare were 
compared with the records signed out with a procedure code of AAA 
repair to ensure the review of all cases, Many records were initially 
coded for an AAA repair, but on further review the patients were 
found to have undergone operations for other forms of vascular 
disease. This made physician review of all records mandatory. The 
records were reviewed in a blinded fashion! by the senior author 
(J.D.R.) so that the identities of the physician and hospital were 
unknown. 

The primary aim of this study was to ascertain treatment results 
for cases of uncomplicated AAA, Patients were excluded if they 
urderwent concomitant repair of thoracic aneurysms or associated 
visceral revascularization. These exelusions eliminated 16 patients 
frem the study group. The patients from the two Veterans Affairs 
Hospitals were also excluded because they were not subject to HCFA 
review authority. Records were surveyed for demographie informa- 
ticn, patient morbidity and mortality incurred in both elective and 
emergency treatment, effect of the size of the hospital in which 
treatment was administered, and experience of individual surgeons. 
Tkese data were analyzed to determine any impact on outcome. 
Statistical significance was determined using x^ analysis. 


RESULTS 


One hundred thirty-six patients underwent repair of an 
AAA by 52 surgeons in 31 hospitals. Patient ages ranged from 
3€ to 101 years (mean age, 73.5 years). The ratio of men to 
women was 3:1. Ninety-nine patients underwent elective 
operation and 37 received emergency treatment. A ruptured 
areurysm was specifically mentioned in the records of 26 
petients in the emergency group. Twenty patients were ad- 
-tted in shock. Eight patients who underwent emergency 
surgery for back flank or groin pain did not have rupture 
specifically mentioned in the operative notes, making the 
specific diagnosis of ruptured aneurysm difficult. Nonethe- 
less, we grouped together all patients who underwent emer- 
gency surgery and compared them with the elective group. 

Forty percent of the patients with ruptured AAAs were 
known to have AAAs prior to their rupture. Of the 99 patients 
undergoing elective surgery, 92 were noted to have aneu- 
“sms that were 5 cm or larger in diameter. Reconstruction of 
the aorta was accomplished by aortofemoral bypass in 40% of 
patients. Tube grafts and aortoiliac bypass were used in 36% 
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No. (%) of Patients 
Emergency 















‘Stroke — 1 (3) 1 (1) 
Bleeding (reoperation required) 6 (16) 2 (2) 
3 (8) 4 (4) 
1 (3) 1 (1) 










6 (6) 





3 (3) 


41 (30) 5 (5) 
1 (3) 3 (3) 
11 (30*) 11 (01) 





*includes congestive heart failure and arrythmia. Some patients had more 
than one complication. 


and 2196 of patients, respectively. Two percent of the patients 
died prior to reconstruction, while 896 of patients had a combi- 
nation procedure, such as an aortofemoral bypass on one limb 
and an aortoiliae bypass on the other. 

Overall mortality was 18% (24 deaths) Six (6%) of 99 
patients in the elective group died, and 18 (4996) of 37 patients 
undergoing emergency surgery died. Causes of death in the 
elective group included renal failure in three patients and 
acute pancreatitis, myocardial infarction, and progressive 


-. congestive heart failure in one patient each. The causes of 


death recorded during emergency treatment included hemor- 
rhage in the operating suite or recovery room (10 patients) 
and postoperative complications (eight patients). These com- 
plications ineluded renal and respiratory failure in six pa- 


tients and one case each of upper gastrointestinal bleeding 


Pg. survival in the: 
possible because of the lack of information on the origin of all 


and stroke. . 

Operative complications are listed in Table 1 and are ex- 
pressed as a percentage of patients in the emergency and 
elective groups. They are further divided into vascular prob- 
lems and general complications. The occurrences of specific, 
vaseular, and general complications were all higher in the 
emergently treated group, and when all complications were 
considered, this difference was statistically significant 
(P — .01). We analyzed the complications by method of aortic 
reconstructien employed. There were no differences in out- 
come based en the method of aortic reconstruction chosen 
since complications of both a specifie vascular and genera! 
nature were equally distributed among the three types of 
reconstruction. The median and mean blood loss in patients 
receiving tube grafts during elective surgery was 700 and 
810 mL, respectively, while the mean blood loss in patients 
undergoing aortoiliae bypass and aortofemoral bypass was 
910 and 980 mL, respectively. The time required for tube 
graft placement was significantly less than for other proce- 
dures (P = .05; tube graft, 124 minutes; aortoiliae bypass, 228 
minutes; and aortofemoral bypass, 315 minutes). 

Table 2 shows the effect of age on operative mortality for 
those patients who underwent elective AAA repair. There 
was no tendency toward inereasing mortality with advancing 
age. Likewise, there was no increase in eomplications in any 
uring the year studied, no elective operations 
»rmed on patients older than age 84 years. 
mpted to examine the effect of geographic location 









.group with ruptured aneurysms. This was not 
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*AAA indicates abdominal aortic aneurysm. 


Table 3. —Elective Operative Experience vs Outcome 


No. of Elective AAA Repairs | 
qr essen Poner menm 


2" 














1 2-4 z5 
No. of surgeons 28 13 CREE 
No. of operations 28 33 38 
Complication rate, % 18 18 8 
No. (%) of deaths 2 (7.1) 3 (9.0) 1 (2.6) 





*AAA indicates abdominal aortic aneurysm. 


patients, several of whom were transported from one hospi:al 
to another. Mortality in hospitals with fewer than 100 beds 
was 70% (seven of 10 patients) when ruptured aneurysms 
were treated. In hospitals with more than 100 beds, 11 (41%) 
of 27 patients treated for ruptured aneurysms died (P = .05). 
There was no significant difference between the numbers of 
complications in hospitals of varied size. Because of the small 
number of deaths in the elective group, there was no discern- 
ible difference in mortality by hospital size. 

The effect of a surgeon's operative volume on the vascu ar 
complications encountered in the elective group is shown in 
Table 3. The complications included bleeding that required 
reoperation, graft thrombosis, distal embolization requiring 
surgery, groin hematoma requiring reoperation, amputatien, 
and death. The groups were arbitrarily divided into three 
subsets: surgeons who performed a single AAA repair om a 
Medicare patient, surgeons who treated two to four such 
patients, and surgeons who treated five or more such pa- 
tients. 

There were no statistically significant differences in any of 
the three groups, but a trend existed indicating that surgecns 
with a higher operative volume encountered fewer compliea- 
tions. The differences between the first two groups and the 
third group did not achieve statistical significance because of 
the relatively small number of surgeons and operations in- 
volved. When the general complications listed in Table 1 are 
included, no trend based on volume is seen since these compli- 


cations were distributed among all three groups of surgeons, — 


regardless of their operative volume. Likewise, the small 


number of deaths in the elective group did not allow for valid | 


statistical comparisons. 

The results of this statewide experience were compared 
with other data collected on vascular surgical practice from 
multiple surgeons, including those reported by the Cleveland 
(Ohio) Vascular Society.” The results were strikingly similar, 
with the Cleveland group reporting an overall mortality of 
17.1% compared with 18% from the Kentucky surgeons. The 
Cleveland surgeons had an elective and emergency mortality 
rate of 7.9% and 41.4%, respectively, compared with the 5% 
and 49% rates in this series. 
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ges, a growing number of patients with 
are being diagnosed. Since the mean age of these pa- 
aents in our series was above 72 years, it is reasonable to 
question whether our increasingly elderly population can be 
_ treated by a variety of surgeons in divergent hospitals with a 
reasonable morbidity and mortality. It is well recognized that 
many institutions have reported excellent results cf AAA 
-.. repair, but we do not know whether these outcome statisties 
, are meaningful when applied to a large geographic area, such 
as an entire state. Clearly, many factors may affect the re- 
-sults of treatment in sucha diverse population. 
. Results of studies from such groups as the Cleveland Vas- 
. cular Society have been reassuring, but they may be flawed 
<- because the surgeon's participationis voluntary and no means 
of validating outeomes exists. Our study is the first to our 
— knowledge to examine the repair of AAA ina large population 
‘with inclusion of all Medieare patients in the state. Theoreti- 
cally, one could argue that the outcome might change with 
inclusion of non-Mecicare patients; however, since non-Medi- 
-care patients would be younger, it is unlikely that the outcome 
would be worse. In this centext, the overall mortality of 18% 














mortality of 6% are reassuring. When | 
ortality with the continued high mo 
tality accompanying the treatment of ruptured aneurysms, 
the liberal use of AAA repair even in this elderly patient. 
group is strongly indicated. oF 

We learned in this study and in similar ones of carotid 
endarterectomy’ and myocardial infarction’ that reliance on 
computer-generated data from the HCFA on patient outcome 
Was not practical if one desired accurate and meaningful 
information. We noted major coding errors in a large number 
of cases and would have been considerably misled if a physi- 
cian had not reviewed the records. We caution physicians who 
desire meaningful information for quality assurance decisions 
that direct examination of patient records by physicians 
trained in the area to be surveyed is mandatory. 
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invited Commentary 


Although this report suffers because of the small number of 
patients, it is provocative and sheuld stimulate us to reflect on 
what the future may hold for physicians. We will examine not 
only our own results, but also those of our colleagues. We can 
only hope these data will be used in a constructive fashion to 
improve health care and will not implicatethe wrong people. 

Although the date are not conclusive because of the small 
number of cases examined, they suggest that the surgeon who 
concentrates on vascular surgery has better results than the 
surgeon doing occasional vascular surgery. The data also sup- 
port the concept that AAA repair needs to be performed in a 
major health care facility with appropriate support. 

The 6% mortality in the elective group is excessive com- 
pared with previously reported series, but was increased by 
the deaths of two of 13 patients in the 60- to 64-year-old age 
group. The 1:3 ratio df emergency to elective operations seems 
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high. Perhaps, if more elective operations had been per- 
formed, more patients could have been saved. The 136 opera- 
tions performed in 1983 appears low. By comparison, during 
approximately the same period, roughly 700 AAA repairs 
were performed in North Carolina, as reported by Medicare. 
The most significant and frightening finding is the large 
number of errors found in the data from Medicare. Since this 
type of information may determine our ability to practice 
medicine when physician profiles are generated, such errors 
could have serious consequences. Unfortunately, most of us 
are running away from this information. Perhaps we should be 
more involved in helping to ensure more accurate information, 
especially if it influences our ability to practice medicine. 


GEORGE JOHNSON, JR, MD 
Chapel Hill, NC 
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-.|n neurosurgery, In cardiovascular surgery, In burn surgery, an even 
EIEPOMBOGEN Thrombin control oozing under the and consistent spray of 

th hemostasis in sternum by spraying THROMBOGEN Thrombin 

: ‘hard-to-reach sites, such | THROMBOGEN Thrombin controls bleeding of broad 
n | às deep tumor beds. upside down. areas, such as donor sites. 
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Selore prescribinm please see full prescdibing information. A Bre 
Summary follows. Thrombin, Topical USP’ THROMBOGEN* must 
“Ot be injected! Apply. op the surface of bleeding tissue as a 
solution or powder 


INDICATIONS AND USAGE: THROMBOGEN Thromtiin is 
dicated as. sn aic in hemostasis wherever oozing bleod from 
Capitanes ang smal venules is accessitie, 

in various types of surqery, solutions of THROMBOGEN 
Thromtin may be used in conjunction with Absorbabie Gelatin 
Sponge, USP for emostasis. 
CONTRAINDICATIONS: T HROMBOGEN Thrombin is 
czontraindicated in aersons; known to be sensitive to aay of its 
components andi to material of bovine arigin. 
WARNING: Because of its action in the clotti mechanism, 
THROMBOGEN Thrombin. must not be injected or otherwise 
allowed to enter large blood vessels. Extensive intravascular 
clotting and even death may result. THROMBOGEN Thrombin 
i$ an antigenic substance and has caused sensitivity and 
allergic reactions whendrjected into animals. 
PRECAUTIONS: Genera! Consult the Absorbable Gelatin 
"ponge, USP podan labeling for compiete information for use 
prior to utilizing the trrombin-saturated-sponge procedure. 
Pregnancy-eratogenic-eitects: Pregnancy Categors C. Animal 
feproduchon studies have aot been conducted with Thrombin, 
Topical USP (Bovine origin! It is also not known whether Thromiten, 
Jopical USP (Bovine origin; can cause fetal ham whee 
adrministered to a pregnant woman or can affect reproduction 
capacity. Thrombir- Topical USP (Bovine origin) shout be given to 
& pregnant woman only iEciearty indicated. 
Pediatric Use: Balety anc effectivenessin children Fave not been 
established 
ADVERSE REACTIONS: filergic reactions may be encountered in 
persons known to be sensitive fo bovine materials 
BOSAGE AND ADNINISTRATION: General. Solutions of 
THROMBOGEN Thrombis may be prepared in sterile distilled water 
Gf Boom saine. Ine intended use determines the strength of the 
80tJtiorrio prepare. For general use in plastic Surgery, dental 
extractions, skin gralfing, neurosurgery, elc. solutions containing 
approximately 190 aris pe: mi are frequently usec. Fer this, 10 mi 
ct divest added todhe 1.600 unit package is suitable. Where 
tieeding is profuse. as true cut surfaces of liver and spleen. 
concentrations as high as 1000 to 2,000 units per mi. may be 
requirec. intermediate strengths to suit the needs of the case may 
be prepared by selscting the proper Strangin package and 
CiSsobving the contens inan appropriate volume of disent. In 
many situations i may be advantageous to use THROMBOGEN 
Shrombin in dry form on aozing surfaces 
CAUTION: Solutions shoald be used immediately upon 
reconstitution. however Tae solution may oe retrigerated at 2-8°C. 
for up to three hours. Thedollowin Me are suggested for 
tae topica: applicabon af THROMBOGEN Thrombin 
t. The recipient sudace should be sponaged (not wiped) free of 
blood before THROMBOGEN Thrombin is applied 
€. A spray may be used er the surface may be loode usmg a 
sterile syringe and smalligauge needie The most effective 
hemostasis results whenthe THROMBOGEN Thrormoin mixes 
troohy with t^e binod as soon as it reaches the surface 

in instances where THROMBOGEN Thrombin in dry form is 

neededc, the vial is opened by removing the metal rng by 

"ipping up the plastic cap and tearing zounterclockwise. The 

'ubber-ciapihrage cap may be easily removed and the dried 

THROMBOGEN Thronton is then broken up into a powder by 

means of a sterile glass rad or other suitable sterile instrument 

3porging of treated surfaces should be avoided in erder that 
the Cit ferma securely in place 
THROMBOGEN Thrombin may be used in conjunction with 
Absarbabie Gelatin Sponge, USP as loltows: 
!. Prepare THROMBOGEN Thrombin satution of the desired 
SiReneth 

2. immerse spongs stars of the desired size in the 
THROMBOGEN Theombin solution. Knead the sponge strips 
vigorously with moistened gloved liners to remove trapped 
ait, thereby facdtating saturation o! the sponge 

3. Appiy saturated sponge to bleeding area. Hold im piace for 

T0 io 15 seconds with.a pledget of cotton or a small gauze 


sponce. 
THROMASOGEN Spay Kit The THROMBOGEN Spray tit contains 
cne serie viai of THROMBOGEN Thrombin, one sterile vial of 
isotoruc saline diluent, one sterile disnosable syringe and one 
Serile syringe spray tio. The kit may be used as follows 
t Remove the Tyvek blister id from the outermost tray by pulling 
up at the indizeted comer. The sterile wener tray carsthen be 
fedou or introduced into the sterne field. 
. Remove the Tyecicf blister id from the inner tray to expose the 
Sterile contents. 
X Using the sterile seringe equipped withthe needle, draw the 
desired arnout ef saline diluent from the vial into the syringe. 
& inject ihe saline diker into the THROMBOGEN Thrarnbin vial 
trom (he syringe 10 reconstitute the THROMBOGEN Thrombin 
powdget | 
» When the THROMBOGEN Thrombin is completely dissolved, 
draw the THPONIBOGEN Thrombin solution into iheseyringe 
Remove and diseard theineecdie: affix Soray tip by pushing 
down and turning clockwise until the spray tip locksan place. 
Depress the syriage plünger in a normal fashion to dispense the 
THROMBOGEN Thrombin solution throagh the tip m a fine 
Say 
& Aleratively to facilitate using the THROMBOGEN Thrombin 
with an Absorbaole Gelatin Sponge, USP the THROMBOGEN 
Thrombin solution maybe dispensed directly trom the syringe 
into a sterie comainer vs. attaching the spray tip. When 
THROMBOGEN Thrombin is needed inthe dry form. the vial is 
opened ang the dred THROMBOGEN Thrombin pellet should 
be broken up inte a powder with a sterne glass rod or other 
sulake insirument. 
Caution: Federal law prohibits dispensing without a prescnption. 
THROMBOGEN Thrombir is manutacturec by GenTrac: Inc. 
Naddietan, WI S356? 
Mrademark of DuPont 
Sore at corneal conimolledrom temperature, except 3020 unit vial 
C THROIMBOGEN Thomos. which must oe stored between 
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Chairman: Sir Patrick Forrest 
Managing Editor: J Michael Dixon 

Supported by an Editorial Committee and International Advisory 
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THE BREAST ...will cover the physiology of normal breast, the 
aetiology, biology, investigation, medical and surgical treatment 
and management of patients with benign and malignant breast 
disease. It will maintain a balance between basic sciences and 
clinical papers and will include results of animal research only 
when relevant to human issues. 


High quality primary research papers will be published rapidly 
and all papers will be peer reviewed. Each issue of the journal 
will also carry one or more commissioned review articles, an 
occasional mini-symposium on controversial issues, annotated 
abstracts, case reports, correspondence, a calendar of forth- 
coming events and an up-to-date bibliography. 


Papers are welcomed from authors in all specialties involved in 
breast research. 


READERSHIP... Surgeons, Medical Oncologists, Biochemists, 
Epidemiologists, Pathologists, Radiologists, Endocrinologists and 
Radiotherapists. 


ORIGINAL PAPERS ...should be sent to: 

J Michael Dixon, Senior Lecturer in Surgery, 

University Department of Surgery, Royal Infirmary of Edinburgh, 
Lauriston Place, Edinburgh EH3 9YW, UK 


SUBSCRIPTION INFORMATION... 

ISSN 0960-9776 Quarterly publication — Volume 1 — 1992 
Individual rate: $169 / £89 plus postage 
Institutional rate: $225 / £119 plus postage 


FREE SAMPLE COPY... If you would like to receive a copy of 

the first issue or Instructions to Authors please fill in your details 
on the coupon below and retur it to: 

Churchill Livingstone Inc, 1560 Broadway, New York, NY 10036 


See ee c 
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More confidence in presumptive antibiotic 
therapy. Prescribing UNASYN presumptively is a step 


you can take with confidence. UNASYN covers gram- 
positives (even enterococci), preva- 


ui Us still like walking the lent gram-negatives, and anaerobes: 


The right combination for most 


high wir e , but now I have patients with common mixed 


a safety net." 
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*Due to susceptible strains of indicated organisms 
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infections. * 
And UNASYN minimizes safety 

concerns with a reliable penicillin- 
class profile.' (However, UNASYN is contraindicated in 
penicillin-allergic patients. ) 

Expect strong support from UNASYN in the mixed 
infections* you face every day. 
1.5 or | M 


Unasyn* 


(ampicillin sodium /suloactam sodium) 
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UNASYN is indicated for the treatment of infections due to susceptible 
Strains of the designated microorganismsin the conditions listed below 
Skin and Skin Structure Intections caused by beta-lactamase producing 
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svans or 5raphyiGCOCCUS aureus. Escherichia coli.* Klebsiella Spp * 
including K pneumoniae"). Proteus mirabilis. * Bacteroides fragilis. * 
Enterobacter spp. .* and Acinetobacter calcoaceticus * 

Intra-Abdominal Infections caused by beta-lactamase producing strains of 
Escherichia coli, Klebsiella spp. ( including K pneumoniae* ), Bacteroides 
Spp. (including B. fragilis), and Enterobacter spp * 

Gynecological Infections caused by beta- actamase producing strains of 
Escherichia coli. * and Bacteroides spp * (including B fragilis*) 

“Efficacy for this organism in this organ Sys:em was Studied in fewer than 10 
infections 

While UNASYN* (ampicillin sodium/sulbactam sodium) is indicated only 
for the conditions listed above. infections caused by ampicillin-susceptible 
organisms are also amenable to treatment with UNASYN due toits ampicillin 
content Therefore. mixed infections caused by ampicillin-susceptible 
organisms and beta-lactamase producing Organisms Susceptible to 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 

The use of UNASYN is contraindicated in individuals with a history of 
hypersensitivity reactions tc any of the penicillins 

WARNINGS 

SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
WC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS. BEFORE THERAPY WITH A PENICILLIN CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS, CEPHALOSPORINS AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTEC 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN INTRAVENOUS 
STEROIDS. AND AIRWAY MANAGEMENT. INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 

PRECAUTIONS 

General: A high percentage of patients with mononucleosis who receive 
ampicillin develop a skin rash. Thus. ampicillin class antibiotics should not 
be administered to patients with mononucleosis In patients treated with 
UNASYN the possibility of superintections with mycotic or bacterial patho- 
gens should be kept in mind during therapy If superintections occur 
(usually involving Pseudomonas or Candida). the drug snould be discon- 
tinued and/or appropriate therapy institutec 

Drug Interactions: Probenecid decreases the renal tubular secretion of 
ampicillin and sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged blood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases sub- 
Stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone. Itis not kmown whether this 
patentiation of ampicillin rashes is due to al opurinol or the hyperuricemia 
present in these patients. There are no data with UNASYN and allopurinol 
administered concurrently UNASYN and aminoglycosides should not be 
reconstituted together due to the in vitro inactivation of ammoglycosides by 
the ampicillin component of UNASYN 

Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin High urine concentrations of 
ampicillin may result in false positive reactions when testing for the 
mes ai glucose in urine using Clinitest ^, Benedict's Solution or 
ehling s Solution. I! is recommended that glucose tests based on en- 
zymatic glucose oxidase reactions (such as Clnistix " or lestape “) be 
used Following administration of ampicillin to pregnant women a transient 
decrease in plasma concentration of total conjugated estriol. es- 
trioiglucuropide, conjugated estrone. and estradiol has been noted This 
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effect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud 
les in animals have not been performed to evaluate carcinogenic or muta 
enic potential 
regnancy 
Pregnancy Category B: Reproduction studies have been performed in mice 
rats. and rabbits at doses up to ten (10) times the human dose and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN. There are. however. no adequate and well controlled studies in 
pregnant women Because animal reproduction studies are not always 
predictive of human response. this drug should be used during pregnancy 
only if clearly needed. (See — Drug/Laboratory Test Interactions ) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the uterine tone frequency of 
contractions. height of contractions. and duration of contractions. How 
ever. itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects on the fetus prolongs the 
duration of labor. or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk: therefore, caution should be exercised when UNASYN 
IS administered to a nursing woman 
Pediatric Use: The efficacy and safety of UNASYN have not been established 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally well tolerated. The following adverse reactions have 
been reported 
Local Adverse Reactions 
Pain at IM injection site—16% 
Thrombophlebitis — 39; 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3°. of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1% of the patients were 
itching. nausea. vomiting. candidiasis. fatigue. malaise. headache. chest 
pain, flatulence, abdominal distension glossitis, urine retention. dysuria 
edema. facial swelling erythema. chilis. tightness in throat. substernal 
pain, epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were 
I Increased AST (SGOT). ALT (SGPT). alkaline phosphatase. and 
LDH 
Hematologic: Decreased hemoglobin. hematocrit. RBC. WBC. neu 
trophils. lymphocytes. platelets and increased lymphocytes mono 
cytes. basophils. eosinophils. and platelets 
Blood Chemistry Decreased serum albumin and tota! proteins 
Renal. Increased BUN and creatinine 
Urinalysis. Presence of RBC's and hyaline casts in urine 
The following adverse reactions have been reported with ampicillin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis. stomatitis. black hairy tongue. enterocolitis 
anc pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria. erythema multiforme. and an occa- 
sional case of exfoliative dermatitis have been reported These reactions 
may be controlled with antihistamines and. if necessary. systemic cortico- 
Steroids Whenever sucn reactions occur. the drug Should be discontinued 
unless the opinion of the physician dictates otherwise. Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: In addition to the adverse laboratory changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen- 
icilins All of these reactions are usually reversible on discontinuation of 
therapy and are believec to be hypersensitivity phenomena 
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Complications of Percutaneous Intra-aortic 
Balloon Pump Use in Patients With 
Peripheral Vascular Disease 


Kara H, V. Kvilekval, MD; Robert A. Mason, MD; G. Broadie Newton, MD; 
Constantine E. Anagnostopoulos, MD, SeD; Stephen C. Vlay, MD; Fabio Giron, MD, PhD 


e Percutaneous intra-aortic balloon pump use may carry an 
increased risk for patients with peripheral vascular disease. To 
determine the incidence and types of associated complications, 
the medical records of 144 patients who underwent a total of 153 
-percutaneous intra-aortic balloon pump insertions were re- 


viewed. Patients were divided into two groups. Group 1 was 
^ composed of 20 patients with a history of peripheral vascular 
disease. Group 2 was composed of 124 patients without such 
history; they underwent a total of 133 insertions. Nineteen major 
complications (12%) occurred, 12 In group 1 (60% of 20 inser- 
tlons) and seven in group 2 (5% of 133 insertions). Major compli- 
cations were further classified by their nature: embolic, occlu- 
sive, and technical. All three types of complications occurred 
more frequently in group 1. Embolic complications occurred 
more frequently in patients with aneurysms and proved the most 
lethal, with two of six deaths in group 1 resulting from this 
complication. 
| (Arch Surg. 1991;126:621-623) 


T indications for use of the intra-aortic balloon pump 
Y. (IABP)in the care of the critically ill cardiac patient have 
been expanded. Originally used for patients with cardiogenic 
shock and iow cardiac output states associated with cardiac 
surgery, it is now commonly used, when appropriate, in 
patients with refractory unstable angina, or myocardial in- 
farction and its complications (including intractable arrhyth- 
mias related to ischemia, ventrieular septal defect, and mitral 
regurgitatien), and prophylactically in high-risk patients un- 





dergoing cardiac surgery, noncardiac surgery, or angio- 
plasty. The use of the percutaneous approach and the portable 
IABP system has also extended the use of the [ABP beyond 
the realm of the tertiary care center. The IABP is, however, 
associated with a risk of significant complications, and the - 
percutaneous approach has been found, in some studies, to. 
result in a higher number of vascular complieations than the 
surgical approach"; other studies, however,” have reported 
lower complication rates with the pereutaneous approach. 

The patient with peripheral vascular disease (PVD) has 
been considered to be at increased risk for complications. To 
define the risk of percutaneous intra-aortic balloon pump 
(PIABP) use and to determine if there are subgroups within 
the population of patients with PVD at differing risks, we 
examined the outcomes in a series of patients undergoing 
PIABP insertion. Complications associated with the use of 
the PIABP were compared in those patients with clinical 
PVD with those in patients without evidence of PVD; within 
the group of patients with PVD, further analysis was conduct- 
ed to assess the risk for patients with either aneurysmal 
disease or occlusive disease. 


PATIENTS AND METHODS 


The records of all patients (n= 144) who underwent PIABP inser- 
tions (n=158) between January 1986 and January 1989 were re- — 


viewed and the patients grouped according to clinical evidence of | 


PVD. Group 1 was composed of 20 patients with a history of PVDas ` 


defined by previous vascular surgery for aneurysm, distal occlusive. 
disease, or carotid artery disease; PVD under the management of a 
vascular surgeon; or a known infrarenal abdominal aortic aneurysm.  — 
Twenty PIABP insertions were done in group 1. The remaining 124. ~ 


patients, who had no clinical evidence of PVD (no history of claudica-_ | 


tion, aneurysm, or recorded pulse deficits), were assigned to group 2. — 
A total of 133 insertions were done in this group. To determine if the - 
type of vascular disease carried a significant risk factor for PIABP - 
complications, group 1 was further subdivided into patients with 
either aneurysmal disease (n= 10) or peripheral occlusive disease | 
(n= 10), In the latter group, six of the 10 patients had an ankle/bra- = < 
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Ho. (%) of 
No. of No.of Embolic 
Group* Fatierts lasertions: Complicationst 
1 (PVE) 20 20 4 (20) 
2 (no PVD) 124. 133 2 (1.5) 


| PVD indicates perioheral vascular disease. 
TOcclusion of a vascular bed occurring distal to the catheter (P<.001). 
fThrombosis occurring around the area of insertion of the catheter or in the 


"he difference between groups was not significant. 


chial index of less than 0.6; the other four had paipable pedal pulses 
(three patients had undergone a carotid endarterectomy and one an 
aortobifemoral bypass). All patients in group I with aneurysmal 
disease had palpable pedal pulses and ene had a history of 
claudication. 

Insertion of the PIABP was considered therapeutic if the patient 
had signs ef low cardiac output, congestive failure, or persisting 
ischemia despite maximal pharmacologic support; 18 such insertions 
were performed in group 1 and 107 in group 2. Prophylactic insertion 
was done in high-risk patients being prepared for surgery or angio- 
plasty who did not have eoneurrent evidence of cardiac failure or 
ischemia at the time of insertion; two such insertions were perfermed 
in group 1 and 26 in group 2. All PIABPs were inserted by an 
experienced invasive cardiolegist or a cardiac surgeon via a groin 
approach using the Seldinger technique under sterile conditicns. A 
10.&F wire-guided catheter (Datascope, Paramus, NJ) was used ir all 
patients. If placement was not initially achieved through one groin, 
insertion was accomplished through the contralateral groin. 

Complications were classified as major or minor. Major complica- 
tions included limb-threatening ischemia that did not resolve with 
PIABP removal or conservative care, major bleeding (>500 mL), or 
sepsis. Miner complications included ischemia that did respond to 
PIABP removal or conservative care, local wound problems, or 
minimal bleeding. Fer the purposes of this study. major complica- 
tions were farther divided into three categories: embolic, occlusive, 
and technical. A complieation was deemed embolic if there was 
occlusion of a vascular bed remote from the catheter or balloon: 
occlusive if thrombosis occurred around the area cf insertion of the 
catheter or in the iliae artery through which the catheter was in- 
serted; or technical if there was arterial perforation or laceration, 
eatheter-associated infection, or bleeding around the catheter site. 

The incidence and type of complications were then compared be- 
| tween groups 1 and 2. A comparison withingroup 1 between occlusive 

. and aneurysmal disease was also made. Statistical analysis was per- 
formed using x^ analysis; statistical significance was defined as 
P«..65, 


RESULTS 


Thirty-one complications were associated with all 153 
.... PIABP insertions (20%), 19 of which were major (12%) and 12 
. . müncr (8%). All complieations occurred in patients in whom 
the PIABP was used therapeutically. Twelve of the 19 major 
.. complications occurred in group 1, resulting in a major compli- 
. cation rate of 60% (12 of 20 insertions). Only seven major 
- complications occurred in group 2, resulting in a significantiy 
lower complication rate of 5% (seven of 133 insertions) 
© (P«.001). One minor complication (5% of 20 insertions) og- 
` curred in group 1, an incidence similar to that in group 2, in 
.. which 11 minor complications occurred (8% of 133 insertions) 
~- (not significant). 
. , The Table shows the breakdown of major complications 
- into embolie, ocelusive, or technical. Six embolic complica- 
- tions occurred, four of them in group 1 (20% of 20 patients), 
The remaining two embolic complications occurred in group 2 
and represented a significantly smaller percentage of that 
group (1.5% of 133 insertions). All four patients with an 
 embolie complication in group 1 had aneurysmal disease. 
 Embelectomy was attempted in three of these four patients; 
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No. (%) of No. (%) of 
Occlusive Technical No. (%) of 
Complications} Complications§ Deaths 
5 (25) 3 (15) 6 (30) 









4 (3) 19 (15) 














Thre iliac through which the catheter was inserted (P<.001). 
§Arterial perforationor laceration, catheter-associated infection, or bleeding occurring around the catheter site. The difference between groups was not significant. 


the fourth patient had diffuse emboli to the perineum not 
amenable to surgical treatment. Two of these patients died as 
a consequence of multiple emboli resulting in diffuse ischemia 
and sepsis (the patient with surgically untreatable emboli to 
the perineum and a patient with emboli to the lower torso and 
extremities); the third patient died of cardiac disease. In this 
subgroup, one patient underwent a successful embolectomy 
of tke profunda femoris and distal popliteal arteries. In group 
2, embolectomy was successful in one patient; the other pa- 
tient died of cardiac disease and, at autopsy, was found to 
have multiple emboli in her kidneys and adrenal glands. 

Oeclusive complications occurred in six patients, five of 
them in group 1 (25% of 20 insertions), All five patients in 
group 1 had atherosclerotic occlusive disease and prior ankle/ 
brachial indexes of less than 0.6 in the limb in which the 
PIABP was placed. Four of these five patients underwent 
successful surgical revascularization, two undergoing iliofe- 
moral bypasses and two femoral endarterectomies with vein- 
patch angioplasty. The remaining patient in group ] died of 
cardiac disease before she could undergo revascularization. 
The one patient in group 2 (0.8% of 133 insertions) in whom an 
occlusive complication occurred was successfully treated with 
a thrombectomy and vein-patch angioplasty. No patient in 
either group 1 or 2 died as a result of this complication. 

Seven technical complications associated with PIABP use 
occurred, three in group 1 (1596 of 20 insertions) and four in 
group 2 (3% of 133 insertions). Two of the three patients in 
group 1 had iliac perforations requiring immediate surgical 
repair for hemodynamic instability. The third patient suf- 
fered a dissection that required femorofemoral bypass for 
severe lower-extremity ischemia. All three patients in group 
1 with technical complications had aneurysmal disease. Of the 
four patients in group 2 who had technical complications, one 
required surgery for a lacerated superficial femoral artery. 
The ether three, two with bleeding and one with catheter 
sepsis, were treated without surgery. No deaths were attrib- 
uted to this complication in either group. 

Of the 10 patients with aneurysmal disease, seven had 
complications. All of the embolic (n= 4) and technical (n= 3) 
comp ications in group 1 occurred in those patients with aneu- 
rysmal disease. No patients with aneurysmal disease had an 
occlusive complication. Five (50%) of these 10 patients had 
small aneurysms (3 to 4 em) and would not have been consid- 
ered eandidates for aneurysmal repair. Five (5095) of 10 pa- 
tients with occlusive disease had an occlusive complication, 
and ai] of these complications occurred in patients who had 
ankle/brachial indexes of less than 0.6; in fact, only one patient 
with à known ankle/brachial index of less than 1.0 did not have 
an occlusive complication. There were no embolic or technical 
complications in this group. 

The overall mortality rate was 17% (25 of 144 patients). The 
mortality rate was 30% in group 1 (six of 20 patients) and 15% 
(19 of 124 patients) in group 2 (not significant). This finding 
suggests that the most important factor in mortality was the 
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underlying cardiac disease for which the PIABP was used, 


and in only two patients, both of whom had aneurysm, was 


death related to a complication associated with PIABP use. 
COMMENT 


The percutaneous route has facilitated the placement of the 
IABP, leading to its expanded use. Percutaneous intra-aortic 
balloon pump use does, however, carry a significant risk (10% 
to 2596) of vascular complications." " Those patients with pre- 
existing PVD were at particularly high risk; in our study, 12 
(60%) of 20 insertions of the PIABPs used in group 1 were 
‘associated with major complications, compared with only 
seven (5%) of 133 insertions in group 2. The type and severity 
of the complication was evidently related to the nature of the 
preexisting PVD. 

All the major complications in patients in group 1 with 
occlusive disease were related to thrombosis of the iliae or 
femoral artery through which the PIABP was inserted. The 
use of a large-bore introducer in an atherosclerotic artery 

-increases the risk of producing an intimal flap and/or a dissec- 
tion of an atherosclerotic plaque with resultant thrombosis. 
Because the injury is local, it can usually be corrected by a 
direct surgical approach. In our study, the thrombosis of the 
iliac and/or femoral artery was corrected with either a local 
endarterectomy or a short bypass in all patients in whom 
occlusive complications occurred, and no patient died as a 
result of this type of complication. 

Those patients in group 1 with aneurysmal disease, howev- 
er, had not only a high risk of major vascular complications, 
but more lethal complications as well. Tortuous iliac arteries 
are commonly associated with an aneurysmal aorta. The tor- 

.tuosity makes it difficult to traverse the lumen with a stiff 
' eatheter, even if the guide wire can be successfully advanced, 
_ and tortuosity may lead to arterial trauma or plaque dissec- 
: tion. Two of the 10 patients with aneurysmal disease suffered 

- perforation tc the iliac artery requiring emergency operative 





exploration for control of hemorrhage. A third patient had an 
iliac dissection requiring a bypass graft. All three patients 
survived. 

The aortic wall in aneurysmal disease is commonly involved 
with a friable plaque that can be dislodged by the mechanical 
pumping of the PIABP, and the cavity tends to fill wit 
laminated thrombus that can be disrupted and embolized by 
the PIABP catheter. Four of the 10 patients with aneurysmal 
disease in our study suffered an embolic complication, and two 
of these four patients died as a result of a shower of multiple 
microemboli. Although the true number of patients with an- 
eurysm who underwent PIABP placement can only be deter- 
mined prospectively, the incidence of aneurysmal disease in 
the patient population of our study was 6.5% (10 of 153 inser- 
tions), which is slightly higher than the 5% incidence in a 
patient population (mean age, =50 years) seen by a general 
cardiologist.” 

The PIABP has proved to be very useful in stabilizing and 
supporting a failing heart. Its use, nonetheless, may lead to 
major complications, especially in patients with preexisting 
PVD. Oeclusive and technical complications resulting from 
direct arterial injury are amenable to surgical repair, but 
embolic complications, for which patients with aneurysmal 
disease are at a particularly high risk, are less amenable to 
treatment. When the PIABP is used emergently, as a life- 
sustaining effort, these risks must be aecepted. However, for 
those patients undergoing prophylactic PLABP placement in 
whom an aneurysm cannot be ruled out by clinical examina- 
tion, preliminary noninvasive studies, such as abdominal ul- 
trasonography, may be warranted; as our findings suggest, 
when treating the patient with an abdominal aortic aneu- 
rysm, even if the aneurysm is small, the benefit of PIABP use 
must be carefully weighed against the risk of serious and 
potentially lethal complications. 


We gratefully acknowledge the editorial assistance of Jonathan Cohen, PED. 
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St rgery Boa "ds Review Course 
e 7-9, 1991 — Seattle 
sept. 16-22 and 20-22 - Pittsburgh Oct. 9-15 — 


Chicago i 


Now, your course for written and oral boards offers unlimited mock exams 


OBJECTIVES 


* To increase knowledge cf surgical principles and practice 


* To prepare candidates to take written and oral board exams 


* To provide a comprehensive review for recertification 


METHODS 


* HOME STUDY questions, assignments and answers 
@ SEMINAR with slides and syllabus (Part I course only) 
€ PRACTICE EXAMS with written and oral sections 


"The faculty was outsiandiag. The most pleasant thing was learning a tremendous amount, 
net only from worid- famous cuthorities but from people who are relatively unknown as well."* 


Part II Courses: 


June 7-9 — Seattle 

Red Lion Sea Tac 

Sept. 20-22 — Pittsburgh 
November 1-3 — Boston 
Dec. 13-15 — Jackson ville 


The Part H Course is designed 
to: prepare board candidates for 
oral exams. The course will 
consist of mock oral exams, 
each based on a presenting 
problem leading to questions 
on differential diagnosis, treat- 
ment options, and complica- 
tions. Faculty will critique 
each exam and answer ques- 
ticns. 
Each participant will have an 
exam and critique session anc 
unlimited observation of other 
sessions. Additional 25-minute 
sessions may be arranged for 
$7) and private sessions (i.e. 
nc other participants observ- 
ing) may be arranged foran ad- 
ditional $30. Topics will in- 
clude diseases and trauma of 
Alimentary Tract 
Abdomen 
Breast and Skin 
Head and Neck 
‘Thorax 
Vascular System 
Endocrine System 
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Limited Enrollment: SURGERY BOARDS REVIEW REGISTRATION 


Name 
Address "T 
City/State/Zip 


Phone 


P.O. Box 2218 
Terre Haute, IN 47302 


Mail today to: 


—.. 1094 Dawn Lane, Dept. 105 


Faculty 


June 7-9 — Seattle 
Mary Barnhart, M.D. 
Practicing Surgeon 
Portland Adventist Hospital 
Ian Cieator, M.D. 


Professor of Susgery 


University of Batish Columbia 


Larry M. Gentilello, M.D. 
Assistant Professor of Surgery 
University of Washington 
Robert C. Harrison, M.D. 
Professor of Surgery 


University of British Columbia 


Lucius Hill, M.D. 

Assoc. Clin. Prof. of Surgery 
University of Washington 
Armando Sarci, M.D. t 
Practicing Surgeon 

Alton Ochsner Foundation 
H. Harlan Stone, M.D. 
Chairman, Dept. of Surgery 
Fairview General, Cleveland 


+ Course Directer 
Part I Courses: 


Sept. 16-22 — Pittsburgh 
October 9-15 — Chicago 
The Part I course is mostly lec- 
tures and evening mock oral 
exams io help yeu prepare for 
your written and oral or recer- 
tification exams. The course is 
given in Pittsburgh a month 
before (and in Chicago the 
week before) the written and 
recertification exams. 


Part I Course Topics: 
Basic Surgery 


Anatomy 

Physiology 
Anesthesiology 

Shock 

Neoplasia 
Transplantation 
Trauma and Burns 
Surgical Critical Care 
Pre- and Post-op. Care 


General Surgery 
Alimentary Tract 
Abdomen 

Breast and Skin 
Endocrine 

Head and Neck 
Special Surgery 
Thoracic Surgery 
Cardiac Surgery 
Vascular Surgery 
Orthopedic Surgery 
Hand Surgery 
Pediatric Surgery 
Urologic Surgery 
Gynecologic Surgery 
Neurosurgery 
Ophthalmologv 
Plastic Surgery 


"o Ab LASSSSSESZLIBERSIULZELAZ! 








For: [C] Part I Course: 
[ ] Part II Course: 


NE "— -— 


(] Check is enclosed for $ 
[7] Please send FREE SAMPLE 


BHR HEHEHE DOR OH RR IXIPdd CHBRBREH CEE SSSSEES See A SE NE A A E e E 3 d A dÉe Hte E dA m nde LEISREZIBEASZZEZI 


"Accommodations were comfortabie...’* 


| COURSES AND LOCATIONS: The Part 
| I course is mostly lectures and evening mock 
| oral exams to help you prepare for your writ- 
| ten and oral or recertification exams. The 
| Part II course is mock oral exams for three 
| days before and in the same city as each oral 


exam. Each participant is guaranteed a one- 
on-one public mock oral and can purchase 
additional public or private exams. Before 
either course home study questions and 
answers will be sent upon receiving half of 


| your registration fee. Past participants 


recommend taking the course well before 


| boards and repeating for half price im- 
. mediately before your exam. 
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" and those little extras....""* 


LOWEST AIR FARES: Please call 
toll- free 1-800-548-8185 for group fares. 


"the most education for the money.’* 


FEES AND CATEGORY 1 HOURS: 
eSurgeonorResident Surg. Res. Hrs. 
© Part I course (7 days): $780 $520 
repeating within 3 years: $390 
© Part II course (3 days): $540 
repeating within 3 years: $270 
© Extra mock oral exam: $ 70 
© Private mock oral exam: $100 
* Add 10% within 10 days of the course. 
€ Attendees not in course hotel add $20/day. 
* Deposit of $50 will reserve your position. 
e Subject to $50 charge, refunds will be made 
until the seminar begins. 
"home study material was extremely heipful."* 
ACCREDITATION: The Alton Ochsner 
Medical Foundation is accredited by the Ac- 
creditation Council for Continuing Medical 
Education (&CCME) to sponsor continuing 
medical education for physicians. 
The Alton Ochsner Medical Foundation 
designates this continuing medical educa- 
tion activity for 65 hours (Part I courses} — 
or 28 hours (Part II courses) in Category 
1 of the Physician's Recognition Award of 
the American Medical PERDER | 


“I feel [the course] helped me pass...'"* 
INFORMATION: 
Joseph H. Selliken, Jr, M.D. 
The Osler Institute 


1094 Dawn Lane, Tenre Haute, IN 47802. 
(812) 299-5658 


(800)356-7537 


*Comments by Osler participants 
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) Anew sense of 
$ security in | 
endoscopic ligation 


Introducing ABSOLOK and LIGACLIP" 
Endoscopic Clip Appliers 


^ Applier and clip designs that work together 
E, for unsurpassed security 
lia in the applier and on the vessel 


To place an order for the ABSOLOK and LIGACLIP Endoscopic Clip 

Appliers, or for more information on ETHICON* endoscopic 
surgery products, instruments and training course registration, 
call 1 (800) 388-1000. 
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Maximo Deysine, MD; zoger €. Grimson, PhD; Harry S. Soroff, MD 


* To ascertain if service specialization and procedure stan- 
derdization would improve the complication rate of inguinal her- 
niorrhaphy, the results of al inguinal herniorriaphies performed 
during a 3-year perioc by Doard-certified general surgeons who 
also performed a variety of other procedures common to the fieid 
of general surgery, assisted by general surgical residents (group 
B, 390 patients), were compared in the same institution with the 
results of inguinal herniorrhaphy when performed during 3 years 
under protocol by a Hernia Service directed by a senior faculty 
member assisted by junior surgical residents (group C, 442 pa- 
tients). Group B patients had essentially no follow-up until they 
reappeared for care at the Hernia Service, whereas patients in 
group C achieved an 82% 7-year follow-up. The infection and 
recurrence rates cf group C patients (0.45% and 0.9%, respective- 
ly) were significantly better than those of group B patients (5.9% 
and 4.6%, respectively). These results sugges: that in our institu- 
ticn, the concentration of patients w:th hernias in a hernia ser- 
vice, marned by a specialized surgeon, produced better short- 
and long-term results than those obtained by:general surgeons 
nct dedicated to t^e field of hernia repair. Further studies will be 
necessary to confirm *hese findings. 

{Arch Surg. 1991;125:623-630) 


N ationwide figures reveal that during the last decade, 
approximately 550 900 inguinal herniorrhaphies (IHs) 
were performed yearly in the United States with a recurrence 
rate of slightly more than 10% for primary and 25% for 
recurrent hernia. ^ Thus, theoretically, a seeond operation for 
recurrence would produce approximately 13 750 additional 
recurrences, and a third procedure would yield approximate- 
ly 3437 patients facing another operation or a lifetime of 
disability. 

In contrast, when IH is performed by surgeons who have 
specialized in herniorrhaphy, the reeurrence rate of a primary 
IH is close to 1% (Takle 1), climbing to only 2% for a recurrent 
hernia.’ Therefore, :f across the country all the IHs were 
performed by these surgeons, a third proeedure for recur- 
rence wculd, theoretically, produce only 13 finally disabled 
patients. In addition, there is evidence that such specializa- 
tien markedly improved the resuits of IH in the elderly, 
significamtly reducing the need for emergency surgery for 
incarceration as wel as its morbidity and mortality.” These 
improvec results suggest that the outcome of IH is signifi- 
cantly better when performed by herniorrhaphists than when 
. performed by the majority of board-certified general sur- 
geons who throughout the United States perform herniorrha- 
phies along with other proeedures common to general surgical 
practice. However, to our knowledge, no attempt to analyze 
the basic reasons for such different results has been reported 
inthe vast literature dealing with hernia. 

During the years 1978 and 1979, our department had the 
impression that in our institution, eiective IH was followed by 
a seemingly high complication rate. Therefore, starting in 


mid-198C, the surgery departments at the Northport (NY) 
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versity Hospital at State University of New York (SUNY)- 
Stony Brook decided to concentrate on the care given all 
patients with hernias by having them stay on a Hernia Ser- 
vice, directed since its inception by the same senior faculty 
member. 

This article deals with the results obtained by such an 
organizational shift and compares them with those previously 
obtained, in the same institution, by board-certified general 
surgeons who repaired hernias as part of a large variety of 
surgical procedures common to general surgical practice. 
Analysis of their results suggests that, within our hospital 
environment, such concentration of interest has significantly 
improved the outcome of IH, opening to question the need for 
further studies to evaluate whether this logistic reorganiza- 
tion merits generalization. 


METHODS 


From 1928 until 1972, all [Hs were performed at the Northport VA 
Medical Center by general surgeons (group A patients). From 1973, 
when the Northport VA Medical Center became affiliated with 
SUNY-Stony Brook, until mid-1980 (group B patients), these repairs 
were performed by board-certified general surgeons, who also per- 
formed other general surgical procedures, assisted by residents in 
general surgery at all levels of training. From mid-1980 until the . 
present time, all patients with hernias were cared for by first-year 
surgical residents under the supervision of a hernia service director, 
who assisted them in the performance of all repairs from the begin- 
ning to the end of the procedures (group C patients). Prior to and 
during this departmental development, the hernia service instituted 
a detailed management protocol in which all important steps dealing 
with the preoperative, operative, and postoperative care of the pa- 
tient with a hernia were clearly delineated. 

Since mid-1980, all patients with IHs were referred from all other 
Northport VÀ Medical Center departments directly to the. Hernia 
Service and were seen at the hernia clinic that met weekly at a 
dedicated ambulatory care facility. This clinic was attended by the 
director of the hernia service, assisted by first-year surgical residents 
and physician's assistants. 

The results for group A patients were not analyzed because of 
incomplete record keeping during that time. The records of group B 
patients were retrospectively searched from the operating room log 
book and procured from the medical records department. Since mid- 
1980, the Hernia Service maintained detailed follow-up records of all 
IHs performed. The data from group C patients were obtained from 
those records. 

The results for the last 3 years of group B patients (1977, 1973, 
1979) were compared with the first 3 years of group C patients (1981, 
1982, 1983). The results from 1980 were not analyzed because it was a 
transitional year, during which some patients were still operated on 






Table 1.— Recurrence Rates Achieved by Hernlorrhaphists 







No. of Operations % of Recurrences | 
6321 0.90 
5500 









Lichtenstein, 1987 | 
Palumbo and Sharpe," 1971 1.00 
Sd 2.00 
vx 1.22 










Rutledge,'* 1988 1142 j 
US Department of Health, | 


Education, and Welfare? 1979 550 000 10.00 
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Table 2.—Complications (Postoperative)* 














%of GroupC “of 
Total (N=442) Total P Value 









Testicular 
damage - 2 050 3 O70 NS 





complicatiens 8 2.05 2 045 «05 | 
*The results were compared using Fisher's Exact Test. NS indicates not 
significant. 


without the supervision of the director of the hernia serviee under 
group B conditions. From the records of both groups of patients, the 
following data were extracted: 
Typeof hernia 
Surgical technique 
Ineidence of local complications 
Wound infection 
Testicular damage 
Recurrence 
Incidence of systemic complications 
Cardiovascular 
Pulmonary 
Urinary 
Short- and long-term follow-up 
Because of the lack of adequate follow-up, the recurrence rate of 
patients in group B was assessed by their later reappearance with 
recurrences at the hernia service. Both groups B and C were followed 
up for 8 years. 

Incidence density survival analysis" was performed to compare the 
recurrence rates between groups B and C. Therefore, the duretions 
of following times were incorporated (controlled for) in the analysis. 
Only the patients for whom recurrence status is available were 
considered in the analysis of recurrence. 


el RESULTS 
From Jaruary 1, 1977, until December 31, 1979 (group B 
patients), 330 IHs were performed. Records from only 280 
(71%) of these could be retrieved. The number of postopera- 
tive eomplications encountered in this group of patients was 
expressed as a percentage of the total number of hernias (390) 
repaired; therefore, the operations whose records were not 
found were tabulated as if the patients were free of local or 
systemic complications. Group B patients suffered from 23 
(5.9%) wound infections, all associated with temperatures of 
more than 38.3°C and all necessitating the opening of the 
wounds. This group suffered from 18 recurrences (4.6%) re- 
quiring reoperation at our institution. Twelve recurrences 
were direct and six were indirect, occurring between 6 days 
and 8 years postoperatively. Two patients suffered from sig- 
nificant testicular damage immediately after surgery, bat the 
long-term follow-up of their testieles was unknown (Table 2). 
There were no operative deaths in this group. In 257 group B 
patients (92%), follow-up consisted of a single postoperative 


visit to the surgical clinic, occurring from 7 to 20 days after 


surgery. The remaining patients were seen once more within 
the next month. There was no further record of short- or long- 
term follow-up, which ineluded a description of the status of 
the operated-on site for these patients until they were seen 
again for reeurrences at the hernia elinic. 

From 1981 until 1988, the hernia service performed 1860 
external abdominal herniorrhaphies; 1650 of those were in- 
 guinal, with a recurrence rate of 1.9% and an infection rate of 
"0.24%. The follow-up was 82%. From January 1, 1981 to 
December 31, 1983 (group C patients), 442 IHs were per- 
-formed with two wound infections (0.45%) and four recur- 
-rences (0.0%). Three recurrences were direct and ore was 

indirect. Testicular damage leading to atrophy developed in 
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Table 3. — Surgical Techniques Used 


Technique Group B Group C 
Bassini 142 20 | 
Shouldice 20 420 

Other 14 0 


Table 4. — Analysis of Recurrences During 9-Year Follow-up* 


Group B Group C 
No. of recurrences 18 4 
No. of patient-years follow-up 1959.3 2534.7 
Incidence rate per 1000 patient-years 9.19 1.58 


*incidence ratio = 5.8. 


two patients. There were no significant systemie compliea- 
tions in this group and no deaths. The surgical techniques 
used in groups B and C are depicted in Table 3. 

Eighty-two percent of group C patients were examined at 
postoperative days 7 and 30 and every 6 months thereafter 
until present (7 years). The rest of the patients were unavail- 
able for follow-up because of death or change ofaddress. 

Tables 2 and 4 present the statistical comparison of beth 
groups. The 9-year incidence of recurrence is 5.8 times higher 
for group B than for group C, controlling for duration of 
follow-up of the patients (P=.0003). The recurrence inci- 
dence rate per 1000 patient-years is 9.19 for group B and 1.58 
for group C (Table 4). 


COMMENT 


These results demonstrate that, in our institution, :he 
performance of IH by surgeons dedicated to herniorrhaphy 
produced results significantly better than those obtained by 
board-certified general surgeons who performed IH as part 
of a broader general surgical practice. 

In the field of hernia repair, the quality of care is usually 
assessed by its recurrence rate, a complication that not only 
requires reoperation but may also lead to disability and/or 
testicular damage. The assessment of the true incidence of 
this complication requires long-term repeated physical ex- 
aminations as self-examination is associated with a 50% er- 
ror,’ To date, the recurrence rate of IH, when performec by 
specialized surgeons, has been significantiy lower than the 
national average (Table 1). This trend was repeated in our 
institution. However, it is possible that the lower recurrence 
rate of group C patients may be due to the almost exclusive 
utilization of the Shouldice technique," as most of the group B 
patients were operated on with the Bassini and MeVay tech- 
niques or perhaps to improvements often observed in the 
practice of the methodical protocol (Table 3). 

Despite the voluminous literature on IH. attempts at com- 
paring different surgical techniques by a single investigator 
or within a single institution are scant. In 1978, Berliner.and 
colleagues" reported improved results in a consecutive group 
of patients by adopting a transversalis fascia repair over a 
similar group of patients formerly operated on using the 
methods of Bassini or MeVay. However, their improvec re- 
sults may have been the result of specialization and not totally 
due to a particular technique.” The techniques used on group 
B patients were almost equally divided between the Bassini 
and McVay types (Table 3), complicating the evaluation of 
their results. It is our impression that such lack of focusing on 
a specific approach may be responsible in part for the higher 
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concentrating our efforts on a specifie technique, reporte d by 


. Many as having a low recurrence rate, allowed us to improve 


our skills and thas lead toimprovec results."* 

The concentration of patients with hernias into a Hernia 
Service facilitated their care. Patients’ education encouraged 
their return to the clinic for advice even when not scheduled 
fcr a visit. Pari passu, the weekly return visits of 25 patients 


E improved our understanding of the biological, anatomical, 


and social impact of IH. 

Since medieval herniorrhaphists avoided returning to the 
seme town for fear o? recurrence-related reprisals,” the liter- 
ature dealing with IH is replete with anecdotal references 
dealing with the technical preferences of individual surgeons. 
The hallmark of mos: of those reports has been the conspicu- 
ous absence of adequate long-term follow-up." In contrast, 
reports by hermorrhaphists have always included personal 
long-term patient observation.**”“ In our study, group B 
patients had practically no follow-up. Such lack of documenta- 
tien complicated the interpretation of results because we had 
to consider those patients free of complications. In retro- 
spect, prospectively planned studies would have strength- 
ened the validity of our conclusions; however, that would have 
precluded that such groups management would have been 
carried by surgeons whe did not concentrate their interest 
exclusively on hernia and this would have radically departed 
frem our plan originally conceptualized on our impressien that 
before 1980, our Surgical Service was having a high rate of 
postherniorrhaphy complications. 

The modern surgical treatment of any disease entity is 
based on the progressive standardization of a series of steps 
required for its suecessfal completion. Some of those steps 
haze therapeutic merit; others emanate from tradition with- 
out ever being exposed to real clinical trial, and some are 
simply tried and ciscarded as they are found ineffective. Most 
of the steps implemented fer the care of our patients resulted 
from the efforts of other surgeons who laid the foundation of 
hernia surgery; ozhers, created by the Hernia Service, were 
added cautiously to the protocol. Ail merit constant testing 
and discussion if the treatment of hernia is to improve. How- 
ever, we believe that while some of these steps may seem to 
be routine or inconsequential as separate items, their integra- 
tion into the whole protocol resulted in our low complieation 
rate. For example, the acequate preoperative explanation 
that loeal anesthesia eliminates pain but not proprioceptive 
sensation will maximize patient compliance. 

We have no logieal explanation for the high infection rate of 
group B patients; however, we believe, on a purely specula- 
tive basis, that the significantly lower wound infection rates 
of group C patients was due to some of the added steps in our 
technical protocol, such as the almost absolute use of local 
anesthesia that demands delicate tissue handling which thus 
mirimizes trauma and necrosis, followed by irrigation and 
débridement of seemingly devitalized tissue. To our knowl- 
edge, there is no recorded evidence in the literature that 
posthernicrrhaphy wound infection leads to recurrences. 

Finally, these improved results should not be ascribed to 
the overall technical capability of the Hernia Service person- 
nel when compared with that of equally qualified general 
surgeons. These improved results should probably be as- 
cribed to the familiarity that specialization leads to in any 
surgical field. 

This evaluation of the clinical outcome cf two different 
mocalities employed in the treatment of the same disorder, 
demonstrating the advantage of specialization, opens to ques- 
tion whether the field of hernia repair should be taught and 
praeticed as a specialty distinct from general surgery. This 
eoneept has been expressed by others without the support of 
firm data." We sugges: that the validity of these conclusions 
should be tested by further elinical studies. 
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Invited Commentary 


It is not surprising that a surgeon who performs one opera- 
tion exelusively will have better results than a surgeon who 
performs the same operation along with many others. This is 
partieularly true for operations that are relatively uncommon. 
An example is esophagogastrectomy. The operative mortality 
of this procedure approaches 20% nationally, but a single 
surgeon who emphasizes such work recently reported 100 
consecutive resections without a postoperative death. 

Does this mean that all groin hernias should be repaired by 
herniotomists? Not at all. Unlike esophagogastrectomy, her- 
niorrhaphy is performed frequently. General surgeons have 
ample opportunity not only to learn the procedure but also to 
refine their skills in practice. After a certain number of opera- 
tions, a number that all general surgeons can readily achieve, 
the gain in experience by doing more herniorrhaphies is negli- 
gible. The incremental benefit, therefore, of operating solely 
on hernias as opposed to operating on hernias and other prob- 
lems is hardly enough to justify a separate specialty of hernia 
surgery. 

Assuming that an average general surgeon and a hernioto- 
mist have the same operative skills, are there other benefits in 
being operated on by the specialist? One advantage is illustrat- 
ed in the report of Deysine et al. The herniotomist is more 
likely than a general surgeon to follow up patients. This is done 
to document results that, among other things, ean be used to 
justify a need for herniotomists. Follow-up, nevertheless, is 
useful because it identifies early recurrence and evaluates 
results of different repairs. Specialization focuses attention 
and, in this respect, the herniotomist has a mission. 

To separate a cadre of generally trained surgeons as a 
specialty group distinct from general surgeons is a constant 
temptation. In some instances, doing so may advance surgical 
care. In the case of groin hernia repair, however, a half million 
operations annually would be better left to all general sur- 
geons than to the self-designated herniotomists. 


LAWRENCE W. Norton, MD 
Denver, Colo 
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Effects of Positive End-Expiratory Pressure 
on Splanchnic Circulation and Function in 
Experimental Peritonitis 


Dag Arvidsson, MD, PhD; Per Almquist, MD, PhD; Ulf Haglund, MD, PhD 


*. e Splanchnic and central hemodynamic effects of positive 
end-expiratory pressure (PEEP) were studied in anesthetized 
: pigs using mechanical ventilatory assistance, with or without 
Um is (foca: peritonitis). One hour after sepsis, PEEP (10 cm 
E P hemes (n = 6). Another group (n — 6) had sepsis without 
PEEP. In onegroup (n= 6) without sepsis, PEEP was applied after 
1 hour, while a fourth group (n=5), without sepsis or PEEP, 
“served as a control. The group with PEEP and sepsis had re- 
duced cardiac index, portal venous blood flow, and liver surface 
blood flow. The group with PEEP alone had reduced splanchnic 
circulation by increasing gastrointestinal vascular resistance, 
while the group with sepsis alone had increased portal vascular 
resistance. In a separate series with sepsis, intermittent PEEP, 
and vigorous fluid resuscitation, it was demonstrated that avoid- 
ing hypovolemia did not seem to protect from the PEEP effects 
on the splanchnic circulation. The combination of sepsis and 
PEEP was rot additive on portal blood flow reduction but re- 
duced bile production. 
(Arch Surc. 1991;126:631-636) 
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Mechanical ventilatory therapy with positive end-expiratory 
pressure (PEEP) improves the arterial oxygenation in 
ARDS.‘ Thus, PEEP is an important part in the treatment of 
ARDS and has also been suggested as ARDS prophylaxis." 
The use of PEEP is limited by its negative effects on the 
circulatory system, including a diminished cardiac outpat.’ 
This suggests the existence of an “optimal” PEEP, where 
total oxygen delivery is maximized. However, this concept 
presumes an unchanged flow distribution during various iev- 
els of PEEP, something that has been challenged by several 
authors. Thus, it has been suggested that portal venous blood 
flow is more reduced by PEEP than blood flow to other 
organs, ie, kidneys, heart, and central nervous system.” If 
80, even à ‘moderate level of PEEP could contribute to iech- 
emia and hypoxia in the gastrointestinal tract and the liver, 
organs that are often later involved in multiple system organ 
failure. 

Most of the knowledge about PEEP-induced effects on 
regional circulation is based on studies on healthy anima:s"" 
or nonseptie patients. ™” It is likely that concomitant sepsis 
may influence the hemodynamie response to PEEP. To evalu- 
ate this, we studied liver circulation and bile production, a 
functional measure sensitive to ischemia, " during fecal peri- 
tonitis in the anesthetized pig with or without 10 em H,0 
PEEP, using controlled ventilatory assistance. The role of 
hypovolemia in this context was also analyzed in a separate 


group. 
MATERIALS AND METHODS 
Pigs and Anesthesia 


The experiments were performed on 29 pigs weighing 20 to 26 kg. 
Anesthesia was induced with thiopental (Pentotha!) sodium (Abbott _ 
Laboratories, North Chicago, Ill; 30 mg/kg intravenously [IV] and — 
continued with ketamine hydrochloride (Ketalar, Parke-Davis, Mor- . 
ris Plains, NJ; 0.1 mgkg ` min ' IV) and diazepam (Apozepam, AL, — 
Oslo, Norway; 0.04 mg'kg "min"! IV) ina continuous infusion. Addis 7 
tional ketamine hydrochloride (25 mg IV) was given as a bolus dese if | 
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needed. Ventilatory assistance was mechanically controlled (Servo 
Ventilator System, Siemens-Elema, Stockholm, Sweden) using ni- 
trous oxide and oxygen (70%:30%) through an endotracheal tube and 
adjusted to a Paco, of 40+5 mm Hg. A balanced crystalline solution 
with 2.5% glucose (Rehydrex, Pharmacia, Uppsala, Sweden) was 
given continuously IV (7.5 mL-kg ^h ' during preparation and 2.5 
mL'kg 'h ' thereafter). In addition, the pigs in series B (n=6) 
received 40 mL-kg `h™ of lactated Ringer's irrigation from the onset 
of peritonitis. Body temperature was maintained at 38 + 0.5°C during 
preparation using heat pads. 


Experimental Preparation 


Mean Arterial Blood Pressure (MAP). — A polyethylene (PE 160) 
catheter conneeted to a pressure gauge (Bentley Trantec model 800, 
Irving, Calif) was inserted in one external carotid artery for continu- 
ous measurements registered on a polygraph (W+W Electronic 
Recorder 406, Scientific Instruments, Switzerland). 

Cardiac Index (CI). —A 7F thermodilution catheter (Edwards 
Laboratories, Santa Ana, Calif) was positioned in the pulmonary 
artery. The mean of three computed measurements (American Ed- 
wards Co computer 9520, Anerco, Puerto Rico) was calculated. To 
obtain CI, flow values were divided by body weight and expressed in 
milliliters per minute per kilogram. Pulmonary arterial pressure was 
measured and recorded continuously (for pressure gauge and poly- 
graph, see above) and pulmonary capillary wedge pressure was 
measured hourly. 

Portal Venous Blood Flow (QVP). —Following a midline laparot- 
onry, a 5F thermodilution catheter (Edwards Laboratories) was in- 
troduced into the ileocolic vein and its tip positioned in the portal vein 
at the liver hilus." The mean of three measurements with 3 mL of ice- 
cocled 5% glucose solution injected into the ileocolic vein was used. 
Flow values were indexed by dividing with body weight and ex- 
pressed in milliliters per minute per kilogram. 

Liver microcirculation was assessed using laser Doppler flow- 
metry (Periflux Pf-2, Perimed KB, Stockholm). The operating princi- 
ple-of the method is described elsewhere." Briefly, light (wavelength 
in air, 632.8 nm) from a 2-mW helium-neon laser is guided to the tissue 
under study by means of a light conductor, which also serves to 
transmit the back-scattered light to a photodetector system. The tip 
of the light conductor constitutes the probe. It was positioned in a 
plastic holder that was attached to the liver capsule using fine su- 
tures. The output from the flowmeter, the laser Doppler flowmetric 
value, is derived from the lesser fraction of light that is reflected and 
spectrally broadened owing to Doppler shifts. Such shifts occur when 
the light is scattered by moving erythrocytes, the number and aver- 
age velocity of which determine the laser Doppler flowmetric value. 
The eutoff frequency of the laser Doppler signal processing filter was 
set at 12 kHz for measurement at high flow rates. The time constant of 
the output amplifier was set at 3 seconds, correlating to average 
rather than pulsatile flow. The flow signal was recorded continuously 
on the polygraph (see above). This method has been validated for 
studying liver blood flow.'^"" 

Central and Portal Venous Pressures (CVP and PVP). — As- 
cending pipes were connected to cannulas (PE 190) introduced into 
the superior caval and the portal vein, respectively. Saline was 
allowed to flow freely irto the catheters with each measurement. 
Pressure was measured in centimeters of water, with a point 8 cm 
below the sternal notch as zero reference level. 

Bile Production.—Bile was collected and measured hourly 
through a catheter in the common hepatic duct. Bile flow was ex- 
pressed in milliliters per kilogram * per hour’. 

Urine Production.— Urine was collected and measured hourly 
through catheters in both ureters. Urine production was expressed in 
milliliters per kilogram‘ per heur `’. 

Arterial blood samples were obtained hourly anc analyzed for Po,, 
PCO, pH, and base excess (ABL 1, Radiometer, Copenhagen, 
Denmark). 


Experimental Protocol 


In series A, pigs (n=23) were divided in four groups. In the 
eontrols (n —5), 100 mL of saline was instilled in :he abdomen at 0 
hours. In the group given peritonitis (n = 6), 1 g/kg cf autologous feces 
in 100 mL of saline was instilled in the abdomen at 0 hours. In the 
group given peritonitis and PEEP (n=6), peritonitis was induced as 
above, and in addition, PEEP (10 cm H,O) was applied at 1 hour. The 
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Fig 1.—Mean arterial (MAP), portal venous (PVP), and central venous 
(CVP) pressures in controls (circles), pigs treated with positive end- 
expiratory pressure (PEEP; open triangles), pigs with peritonitis 
(squares), and pigs with peritonitis and PEEP (inverted closed trian- 
gles). Values are mean + SE. Asterisk indicates significant (P<.05) 
difference compared with controls. 


group given PEEP (n=6) was treated as the control group except 
that PEEP (10 cm H,O) was applied at 1 hour. All measurements 
were done hourly from time 0 during 6 hours. 

It was apparent that this model of experimental peritonitis in- 
volved a certain degree of hypovolemia. To ascertain that the changes 
obtained were not due to hypovolemia, an additional series B was 
performed with more aggressive fluid resuscitation. In these pigs 
(n — 6), peritonitis was induced in the same manner as in both groups 
given peritonitis in series A but, in addition, extra fluid 
(40 mL:kg "-h ^! of lactated Ringer's irrigation) was infused from the 
moment peritonitis was induced, to avoid the development of hypovo- 
lemia. Measurements were done every 30 minutes during 4 hours. 
Positive end-expiratory pressure (10 cm H,O) was applied intermit- 
tently during two 1-hour periods, first during the second hour after 
the induction of peritonitis, and then again also during the fourth 
hour. 

Systemic vascular resistance was calculated as (MAP — CVP)/CI, 
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Fig 2.— Cardiac index (Cl), portal venous blood flow, and laser Depp- 
ler blood flow or the liver surface in controls (circles), pigs treated with 
positive end-expiratory pressure (PEEP; open triangles), pigs with 
peritonitis (squares), and pigs with peritonitis and PEEP (inverted 
closed triangles). Values are mean + SE. Asterisk indicates significant 
(P<.05) difference compared with controls. 


gastrointestinal vascular resistance (GIVR; the net resistance to 
blood flow through the gastrointestinal tract, the pancreas, and the 
spleen) as (MAP—PVP)/QVP, and portal vascular resistance as 
(PVP —CVP)/QVP. 


Statistics 


Series A.—Significant differences (P<.05) between groups and 
times were evaluated with a two-sided analysis of variance (ANOVA) 
for repeated measurements, followed by comparison between groups 
at defined times, when indicated, by a one-sided ANOVA and Dun- 
can’s Multiple Range Test.” A significant difference (P<.05) from 
the control group is then indicated in Figs 1 through 5 and Tables 1 
and 2. 

Series B. — An analysis of variance between the repeated measure- 
ments within the group (at baseline before peritonitis, during the first 
hour without PEEP, during the second hour with PEEP, during the 
third hour without PEEP, and during the fourth hour with PEEP) 
was done. For eaeh variable, the mean of the two measurements 
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Fig 3.—Systemic (SVR), gastrointestinal (GIVR), and portal vascular 
resistances (PVR) in controls (circles), pigs treated with positive end- 
expiratory pressure (PEEP; open triangles), pigs with peritonitis 
(squares), and pigs with peritonitis and PEEP (inverted closed trian- 
gles). Values are mean + SE. Asterisk indicates significant (P<.05) 
difference compared with controls. 


obtained during each 1-hour period, with or without PEEP, was 
compared. P<.05 was considered significant. 


RESULTS 
Series A 


Six pigs died between 4 and 6 hours, four in the group given 
peritonitis and PEEP and two in the group with peritonitis. 
Therefore, only results from 0 to 4 hours are presented. 

Central Hemodynamics. — The MAP was significantly re- 
duced at 3 and 4 hours in the group with peritonitis and PEEP 
and at 4 hours in the group given peritonitis (Fig 1). Cardiac 
index decreased in all groups except controls (group C; P<.05 
at 2 to 4 hours; Fig 2). The CVP was increased in the group 
given PEEP at 2 and 3 hours (Fig 1). 

Pulmonary arterial pressure increased mainly in both 
groups given PEEP but without significant difference be- 
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Fig 4. —Bile and urine production in controls (circles), pigs treated with 
positive end-expiratory pressure (PEEP; open triangles), pigs with 
peritonitis (squares), and pigs with peritonitis and PEEP (inverted 
closed triangles). Values are mean + SE. Asterisk indicates significant 
(P<.05) difference compared with controls. 


Fig 5.—The development of systemic (SVR) and gastrointestinal 
(GIVR) vascular resistances during the first (without positive end- 
expiratory pressure [PEEP]) and second (with PEEP) hours after 
peritonitis in pigs with basal(series A, group with peritonitis and PEEP. 
n= 6) and vigorous fluid support (series B, n= 6). 1 indicates changes 
in SVRand GIVR after 1 hourand 2, after 2 hours, in pigs from series A; 
3indicates changes in SVRiand GIVR after 1 hour and 4, after 2 hours, 
in pigs from series B. 
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Table 1.—Mean PAP, PCWP, and Sao,* 


14.0 2.3 
17.0+3.3 
17.0+3.4 


Peritonitis 


PEEP 


15.0+2.1 
18.0+1.6 


14.0+23 
16.0+1.9 
17.0+1.8 


Peritonitis 
+ PEEP 


13.0+2.0 
21.0+3.8 
21.0+3.4 








19.0+1.8 


§.1+1.2 
4.3+1.2 
2.6+0.8 


3.2+1.2 
6.5+2.3 
7.3+1.8T 7.5x0.5f 
97.0+0.7 97.0+1.1 97.0+1.2 
96.0+0.7 96.0+0.5 97.0+1.0 95.0+1.0 
*PAP indicates pulmonary arterial pressure; PCWP, pulmonary capillary 
wedge pressure; Sao,, arterial oxygen saturation; and PEEP, positive end- 


expiratory pressure. Values are mean + SD, millimeters of mercury. 
tP<.05 vs group given peritonitis. 


tween the groups (Table 1). Pulmonary capillary wedge pres- 
sure increased in both groups given PEEP while it decreased 
slightly in the group given peritonitis (Table 1). Arterial 
oxygen saturation did not change in any group (Table 1). 

Splanchnic Hemodynamics. — The QVP was decreased in 
all groups except controls at 4 hours. It decreased earlier in 
the group with peritonitis and PEEP (P<.05 vs controls at 2 
to 4 hours; Fig 2). The PVP was increased in the group with 
peritonitis and the group given PEEP at 4 hours (Fig 1). 
Laser Doppler flow values decreased in the group with perito- 
nitis and the group with peritonitis and PEEP (P<.05 at 3 and 
4 hours). In the group with PEEP, the reduction was some- 
what less pronounced (P<.065 at 4 hours; Fig 2). Portal vascu- 
lar resistance increased in the group with peritonitis (P<.05 
at 4 hours; Fig 3). The gastrointestinal vascular resistance 
increased in the group with PEEP only (P<.05 at 3 and 4 
hours; Fig 3). 

Bile production decreased in the group with peritonitis and 
PEEP (P<.05 at 4 hours; Fig 4). Urine production decreased 
in both groups with peritonitis, while it was unaffected in the 
control group and the group with PEEP (Fig 4). 


Series B 


Central Hemodynamics. — In this group, MAP was main- 
tained during peritonitis and actually increased. Cardiac in- 
dex increased during the first hour of peritonitis (P<.05 vs 
baseline), while it was decreased during the second period of 
PEEP. The CVP was maintained and significantly increased 
during both periods with PEEP. The systemic vascular resis- 
tance increased with the first period of PEEP. This increase 
was maintained when PEEP was discontinued. A further 
increase was observed when PEEP was reapplied. 

Pulmonary arterial pressure increased during the develop- 
ment of peritonitis. There was a significant increase during 
both periods with PEEP as well as during the second period 
without PEEP. Pulmonary capillary wedge pressure was 
maintained and significantly increased when PEEP was 
applied. 

Splanchnic Hemodynamics. — The QVP increased signifi- 
cantly during the first hour of peritonitis. When PEEP was 
applied during the second hour, QVP returned to baseline 
values. When PEEP was intermittently removed, QVP again 
increased somewhat. During the second period of PEEP, 
QVP was further reduced (P<.05 vs baseline; Table 2). The 
GIVR initially tended to decrease by induction of peritonitis 
(from 2.18+0.39 to 1.95+0.33 mm Hgmin “kg mL"! 
[mean + SD], but then increased when PEEP was applied (to 
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Table 2.—Cardievascular Values in Series B* 


PAP, mmHg — 

CVP, mm Hg. 

CI, mL:min- "kg: ' 

QVP, mL: min-kg-' 

| Bile production. mL-kg-*h-' 
Urine production, mLkg- *h-' 


. 0.94: 0.10 
0.65+0.13 






0.94+0.14 
0.70 x 0.23 


110.2 +4.9t 112.1 x6.8T 
25.4 6.8T 
9.5+0.8T 
17.6:t 1.8t 
9.62 0.8T 
106.8:9.2t 


1425241 
2572141 
140.9: 9.0 
41.6::10.2 
0.88: 0.22 
2.22+1.01t 


0.92 +0.17 
1.09 +0.35 


G.7620.09 
215:x1.151 


*For explanation of procedures, see taxt. PEEP indicates positive erd-expiratory pressure; MAP, mean arterial pressure; PAP, pulmonary arterial pressure; 
PCWP, pulmonary capillary wedge pressure; PVP, porta! venous pressure; CVP, central venous pressure; Cl, cardiac index; and QVP, portal venous blood flew. 


Values are mean + SD. 
XP«:05 vs baseline. 


2.36 + 0.38 mm Hg: min "kg mL’). This increase was sus- 
tained when PEEP was discontinued (2.43+0.64 mm 
Hgmin "kg mL. A significant increase of GIVR was not- 
ed when PEEP was reinstituted a second time (to 3.65 +0.62 
mm Hg:min ^kg mL; P<.05 compared with baseline val- 
ues). The portal vascular resistance tended to decrease dur- 
ing the first 2 hours of peritonitis, and also when PEEP was 
applied. In the later phase of peritonitis, portal vascular 
resistance increased. 

Bile production was unaltered during the first period of 
PEEP and tended to decrease during the second period of 
PEEP (third to fourth hours). Urine production was well 
maintained during the observation period, in contrast with 
series A, and was increased during the third and fourth hours 
after peritonitis. 

| COMMENT 


In this study, fecal peritonitis was used to induce a pro- 
found septic shock. Compared with models using intravenous 
infusion of endotoxin or live bacteria, our model seems to 
induce less effect on the pulmonary circulation, and the im- 
pairment of arterial oxygenation is less pronounced. We ob- 
served, however, an increase in portal vascular resistance to 
blood flow, suggesting a disturbed microcirculation in the 
liver; Few cata exist demonstrating portal vascular resis- 
tance in intravenously induced sepsis models. Falk et al" 
observed an attenuated effect on pulmonary arterial pressure 
with intraportal bacterial infusion compared with intrave- 
. nous infusion. To study liver circulation, intraperitoneal or 
 intraportal induction of septie shock might thus be more 
relevant, espeeially if the aim is to mimic the clinical situation 
of abdominal sepsis. 

We chose to give a fixed fluid volume, rather than titrating 
to an end peint defined by CVP, pulmonary capillary wedge 
pressure, or left atrial pressure. The reason for this was that 
PEEP, one of the variables under study, directly influences 
these pressures and, thus, could not be allowed to direct. fluid 
volume. A second reason for nct choosing CVP or pulmonary 
capillary wedge pressure as a fluid therapy end point is that 
the relation to left ventricular end-diastolic volume, the truly 
_ relevant variable, changes with sepsis." 








While both peritonitis and PEEP reduced portal blood flow 


ies A, peritonitis only increased portal resistance while 
increased GIVR. The mechanism behind an increase in 
'R indueed by PEEP is unclear. Thoracic epidural anes- 
sia using bupivacaine (Marcain, Astra, Södertälie, Swe- 
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den) or a-adrenergic blockade by phenoxybenzamine’ did not 
abolish PEEP-induced effects on splanchnic hemodynamies. 
The sustained increase of GIVR observed after cessation. of 
PEEP in a previous study" is in line with an activation o: a 
humoral factor, although the identity of such a factor has rot 
been defined. 

The portal vascular resistance is less influenced by vasoac- 
tive mechanisms, and the increase induced by peritonitis, 
irrespective of PEEP, could possibly represent an increased 
microvascular resistance by endothelial swelling and/or plug- 
ging of cells in the sinusoids. This could thus be one explama- 
tion for the sepsis-induced increase in portal vaseular resis- 
tance, as has been demonstrated for skeletal muscle in 
hemorrhagic shock.” 

Laser Doppler flowmetry on the liver surface is sensitive to 
changes in hepatic arterial blood flow.” The reduction in laser 
Doppler flow values in all groups except controls (series A) 
suggests a decrease of hepatic arterial blood flow. A dispro- 
portionately large decrease of this flow after 10 cm H,O of 
PEEP was reported by Manny et al.’ While constituting a 
lesser part of total liver blood flow, the hepatic artery still 
supplies approximately 50% of the oxygen supplied to the 
liver. Hypoxia seems to be an early phenomenon of the liver 
following sepsis.^^ A synergistic effect of PEEP and sepsis 
causing liver hypoxia is suggested by the fact that bile prodac- 
tion, an energy-dependent process, in the present series was 
only reduced in the group with peritonitis and PEEP. 

In series A, a rather basal fluid support was given. This did 
not fully compensate for fluid losses induced by periton_tis 
and, thus, these pigs tended to become hypovolemic. Positive 
end-expiratory pressure in this situation could have more 
adverse cardiovascular effects than during normovolemia. 
Thus, in series B, more vigorous fluid support was used, 
aimed at maintaining the MAP, CVP, and pulmonary canil- 
lary wedge pressure above baseline values during the experi- 
ment. In this group, CI and portal venous blood flow were 
initially increased after the induction of peritonitis, indicating 
a hyperkinetic circulation without development of hypovele- 
mia. Urine production was also maintained in this group. 
Although the circulation was better maintained in series B, 
with stable arterial and venous pressures as well as befter 
preservation of blood flows, the decrease in portal venous 


blood flow induced by PEEP was ofthe same magnitudeasin — — 


the pigs with less fluid infusion. 
The mechanism behind this PEEP-induced reduction of | 
portal blood flow seems to be the same in both series, namely, _ 
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‘the merease in systemic vascular resis- 
‘in septic pigs with PEEP but without 
.B) as in those with hypovolemia (pigs 
P, 
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In addition to positive effects on arterial oxygenation, 
PEEP has negative effects on cireulation, presumably 
more so on the splanchnic circulation. Owing to the difficulties 
in monitoring this circulation, we would like to support the 
concept that PEEP should be used carefully and rarely as. 
prophylaxis. 


This work was sponsored in part by the Swedish Medical Research Council 
(projeet 4502) and the Nils Hessel Qvist fund, Malmó, Sweden. 
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Fatal Embolization of Intestinal Contents Through a Duodenocaval Fistula 
Thomas A. Godwin, MD; Geraldine Mercer, MD; Andrei I. Holodny, MD 


Embolization of intestinal contents to the lung is an exceedingly rare event, which to our knowledge, has 


York, NY 10021 (Dr Godwin). 
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never been reported as a cause of death. Equally rare is duodenocaval fistula resulting from a penetrating 

duodenal peptic ulcer. We present the case of a 51-year-old man whose duodenal ulcer led to a fistulous tract 
ith the inferior vena cava and subsequently to progressive pulmonary embolization of intestinal contents, 

ultimately resulting in death from respiratory failure (Arch Pathol Lab Med. 1991;115:93-95). 

Reprint requests to the Department of Pathology, The New. York Hospital-Cornell Medical Center, 1300 York Ave, New 
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Composite Tissue Transfer 





David N. Krag, MD; Howard Klein, MD; Philip D. Schneider, MD, PhD; James E. Goodnight, Jr, MD, PhD 


e After extensive resection due to extremity sarcoma, the in- 
ability to cover the defect for satisfactory healing and limb func- 
tlon has been an indication for amputation rather than limb sal- 
vage. We report herein our experience with seven limb-salvage 
cases in which we closed difficult and complex defects with 
composite tíssue transfers utilizing microvascular techniques. 

"ree-flap transfers were used to cover soft-tissue defects after 


extensive resection of primary and locally recurrent tumor and to 
manage radiation-induced complications. The grafts healed weil 
when infected irradiated tissue was covered, and the grafts toler- 
ated postoperative irradiation. Composite tissue transfer also 
provided soft-tissue coverage around distal joints that would not 
have been adequately protected with a skin graft. Complications 
were minimal, and all patients maintained good extremity func- 
tion. No patient who underwent composite tissue transfer has 
had a local recurrence. A free-fiap composite tissue transfer can 
extend the indications for limb-salvage surgery and offers an 
alternative to amputation in selected patients. 
(Arch Surg. 1991;126:639-641) 


(ye of limb-salvage surgery for extremity sarcoma 
M. has proved to be equivalent to that of amputation with 
regard to local recurrence and survival." Indications for limb- 
salvage surgery include the ability to obtain surgical margins 
free of tumor, to satisfactorily close the surgical defect, and to 
obtain satisfactory residual extremity function. Primary 
wound closure may be precluded by extensive soft-tissue loss. 
Local flaps are very useful for coverage but may be unavail- 
able because of pedicle limitations. Skin grafts have poor 
durability fer coverage of major nerves, blood vessels, and 
bones, especially when irradiation is superimposed. 

Herein, we detail our experience in the treatment of seven 
patients with extremity sarcoma in whom soft-tissue defects 
were managed with composite tissue transfer (CTT) of free 
flaps utilizing microvascular techniques. 


PATIENTS AND METHODS 


Our series included a total of seven patients treated from 1984 
through 1990. The patients’ ages ranged from 14 to 73 years, with a 
mean age of 45 years. Follow-up ranged from 2 to 48 months. Histo- 
logic findings included malignant fibrous histiocytoma (MFH) (n = 5), 
liposareoma in- 1), and synovial cell sarcoma (n1). Tumors were 
located in the hand (n= 1), forearm (n D, thigh (n= 2), leg (n D, 
and ankle (n= 2). Previous treatments included irradiation at 4) to 54 
Gy (n=3), intra-arterial doxorubicin hydrochloride (Adriamycin) 
(n= 1), and wide local resection (n= 4). Types of CTT were myocutan- 
eous latissimus dorsi (n = 4), myocutaneous rectus abdominis (n =2), 
myoeutaneous gracilis (n = 1), and lateral arm fasciocutaneous (n = 1). 

PATIENT 1.—A 65-year-old woman had a local recurrence of an 
MFH in the pretibial area. Initial treatment 2 years previously 
included wide resection and split-thickness skin graft (STSG). Resec- 
tion of recurrent tumor resulted in a 15 x 19-em defect (Fig 1, left). A 
— Accepted for publication September 23, 1990. 
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free latissimus dorsi myocutaneous flap with a small skin paddle for 
postoperative monitoririg was transferred to the soft-tissue and boay 
defects (Fig 1, middle). A meshed STSG was placed over the remain- 
ing muscle. Thirty-six months postoperatively, the patient is fuly 
ambulatory, with well-healed stable wound coverage (Fig 1, right). 

PATIENT 2. — A 73-year-old man had an MFH of the flexor compart- 
ment of the forearm that was treated with intra-arterial doxorubicin 
hydrochloride and irradiation (40 Gy) followed by resection and pri- 
mary closure. Figure 2, top, shows the appearance of the tumor just 
before primary resection. The wound had a dehiscence 6 weeks after 
primary resection secondary to poor healing of irradiated tissue and 
subsequent infection with Pseudomonas aeruginosa, thus exposing 
the median nerve and brachial artery (Fig 2, middie). The patient 
developed median neuritis and was returned to the operating room, 
where a free transfer of rectus abdominis muscie with STSG was 
placed over the defect. Figure 2, bottom, shows the healed site 1 year 
after operation. The hand was fully sensate and functional with no 
median neuritis. Fourteen months later, the patient died of systemie 
disease without a local recurrence. 

PATIENT 3.—A 68-year-old man had an MFH of the posterior 
aspect of the thigh. The large tumor broke through the skin and 
developed purulent drainage after irradiation. A radical local resec- 
tion was performed. A latissimus dorsi myocutaneous CTT was used 
to cover the 9 x 20-em defect because of the size of the defect and 
active infection in the irradiated field. Six weeks after surgery, an 
infection developed beneath the graft, which resclved with drainage 
and antibiotics. The patient died 3 years later of pulmonary metasta- 
ses but had no evidence of local recurrence at the primary site. 

PATIENT 4. — A 27-year-old man had a synovial cell sarcoma of the 
ankle treated with wide resection, leaving a topographically complex 
12 x 6-em defect. A CTT of gracilis muscle with an STSG was placed 
over the defect. A second STSG was placed over the gracilis "lap 
because of loss of viability of the first STSG. The area was treated 
with radiation (47 Gy), with no sequelae to the gracilis tissue transfer. 

PATIENT 5. — A 31-year-old man had previously undergone a 10-cm 
horizontal biopsy of a high-grade liposarcoma of the proximal portion 
of the thigh. The location of the biopsy scar in the gluteal fold and a 
drain placed distant from the biopsy site necessitated extensive 
resection. Before definitive surgery, the site was irradiated (54 &y). 
A latissimus dorsi myocutaneous CTT was used to provide coverage 
of the extensive defect. Once healed, the patient was able tc sit 
comfortably because of the padding provided by the graft. 

PATIENT 6.—A 14-year-old boy had undergone resection of an 
MFH of the “web space" of the hand. A full-thickness resection 
through the hand was covered with a fasciocutaneous CTT from the 
lateral aspect of the arm. Venous congestion required reanastomosis 
of the feeding vessels the next day. Necrosis of an edge of the graft 
required coverage with an STSG. The patient has received radiation 
therapy to this area and currently is progressing through planned 
physical therapy for restoration of hand function. 

PATIENT 7.—A 43-year-old man had undergone resection of an 
MFH of the ankle. He developed recurrence requiring wide resection 
of the ankle and distal portion of the leg, which was covered with a 
rectus abdominis CTT and an STSG. Within 24 hours, the graft 
became ischemic, requiring replacement with a latissimus dorsi CTT, 
This healed well, and the limb is fully functional. He has completed 
postoperative radiation therapy with no sequelae te the CTT. 


RESULTS 


Salvage of the extremity was possible in all cases following 
satisfactory closure of the wound with CTT. Three patients 
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Fig 1.— 





Left, Planned area of excision for malignant fibrous histiocytoma, including s 
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of anterior tibial and peroneus longus muscles, and rim of cortical bone. Middle, Area marked for harvest 
of donor latissimus dorsi myocutaneous flap. Right, Healed wound 36 months after operation. 


underwent postoperative irradiation with no sequelae to the 
CTT. Extremity function was satisfaetory (n—2) or good 
(n — 5). 

Complieations included ischemia cf the graft requiring im- 
mediate replacement (n — 1), congestion of the graft requiring 
reanastomosis of feeding vessels (n = 1), loss of the STSG over 
a portion of CTT (n — 1), infection under the graft (n = 1), and 
necrosis of edge of graft requiring a STSG (n= 1). 

Two patients died of pulmonary metastases at 14 and 34 
months. The remaining five patients are free of disease at 2 to 
43 months. No patient has had a local recurrence throughout 
the follow-up pericd of 2 to 48 months. 


COMMENT 


The treatment of extremity sarcomas continues to evolve 
as improved methods of local control are better defined. 
Large series of patients with adequate follow-up have docu- 
mented the acceptable outeome of limb-sparing surgery vs 
amputation.” Amputation rates for primary treatment of 
soft-tissue sarcoma have decreased from 409?" to less than 
10%.° Wide local excision of the primary tumor with an ade- 
quate margin of normal tissue has been established as the 
basic goal of limb-salvage surgery and as the minimum extent 
of surgery required. Amputation or complete en bloc resec- 
tion of entire musele groups from origin to insertion is not 
routinely required. 

Successful limb salvage can be compromised by an inability 
to cover critical structures, by inadequate padding over areas 
subject to repeated trauma, and by poor healing associated 
with irradiation and chemotherapy. Postoperative complica- 
tions, including infection, hemorrhage, or exposure of critical 
nerves and blood vessels, have generally necessitated conver- 
sion of limb salvage to amputation. 

Composite tissue transfer utilizing micrevascular tech- 
niques offers well-vascularized skin, muscle, bone, and nerve. 
Also, composite tissue may be transferred in a single stage to 
cover tissue defects. The first successful free-flap CTT utiliz- 
ing microvascular surgery was performed by Daniel and Tay- 
lor* in 1973 for coverage of a complex distal-extremity defect 
after major trauma. The use of CTT for closure of defects 
after distal-extremity trauma compares favorably with other 
methods of closure in terms of functional result and less 
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patient immobilization, lower morbidity, and lower cost.* The 
length, width, and thickness of the graft can be tailored to fit 
the particular defect. Patients 1 and 7 in our series had 
extensive distal-extremity defects after resection of locally 
recurrent sarcomas. The large defects were satisfactorily 
covered in a single stage with a CTT. 

The issue of preoperative vs postoperative irradiation for 
extremity sarcoma has not been resolved by prospective 
clinieal studies. In the advent of postoperative irradiation, 
the entire operative field must be included in the field of 
irradiation." If a rotation flap is used for closure, the bed of 
the flap must be included in the irradiated field, thus substan- 
tially inereasing the radiation treatment field. A free-flap 
CTT is brought from a distant site and its donor bed requires 
no irradiation. Therefore, the patient is exposed to no addi- 
tional radiation. 

Radiation-induced cell death is linked with cell division. 
Rapidly dividing cells of the skin and mucosal surface are very 
sensitive to radiation. Slowly proliferating cells of connective 
tissue normally manifest minimal damage after therapeutic 
irradiation. However, the manifestation of radiation damage 
in connective tissues is greatly increased if cellular prolifera- 
tion is stimulated by trauma, ineluding surgery or infection. 
Surviving cells are subject to delay in cell division, and the 
proliferation of perivascular fibroblasts that normally occurs 
following surgery is inhibited." For these reasons, preoper- 
ative irradiation increases the frequency of wound complica- 
tions. 

Three patients in our series received preoperative irradia- 
tion, two of whom had active infection at the time of graft 
placement. As a complication of irradiation, patient 2 had a 
dehiscence of the primary closure with infection 6 weeks 
postoperatively. A rectus abdominis CTT was used to close 
the defect that was actively infected and had poor granulation 
tissue. The wound healed well without sequelae. Patient 3 
developed infection before primary resection and after preop- 
erative irradiation when the tumor broke though the skin. A 
latissimus dorsi CTT was used to cover the defect, which 
healed without sequelae despite active infection at the time of 
surgery. Our results are in concurrence with those of others 
who have observed that flaps with independent blood supply 
are able to eradicate and heal infected irradiated tissue." 
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Fig 2.— Top, Forearm showing malignant fibrous histiocytoma just 
before primary resection. Middle, Wound 6 weeks after primary resec- 
tion and immediately before closure with a free flap. Bottom, Forearm 
1 year after flan placement. 


With eareful hygiene and padding, nonirradiated skin 
grafts provide acceptable coverage of moderate defects, even 
in weight-bearing areas." With irradiation, large defects— 
particularly around distal-extremity joints— can be asscciat- 
ed with acute and chronic problems that may result in de- 
creased function of the extremity." Skin grafts lack the flexi- 
bility and padding to protect against minor trauma, which 
distal joints routinely encounter. As mentioned above, stimu- 
lation of irradiated tissue by trauma accelerates the manifes- 
tation of radiation damage. A CTT provides the padding and 
flexibility tc diminish the trauma to which a distal joint is 
subjected. Patients 4, 6, and 7 of our series underwent irra- 
diation after having had distal-extremity sarcomas resected 
near a joint. Soft-tissue replacement with CTT has provided 
excellent padding and flexibility to protect these areas. 

Patient 5 had a large high-grade liposarcoma near the 
gluteal fold where a biopsy had been performed previeusly 
through a ł0-em horizontal incision, with drain placement 
5 em distal to the incision. After preoperative irradiation, 
wide local resection resulted in a very large horizontal defect. 
Although a primary closure was possible with considerable 
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mobilization of local tissue, it would have resulted in restrict- 
ed hip flexion and inadequate padding in the weight-bearing 
area of the buttock. A free latissimus dorsi myocutaneous flap 
provided adequate padding for the sitting pos ition, so that the 
underlying irradiated tissues were protected from repeated 
minor trauma and also allowed unrestricted motion of the hip. 

Although CTT with microvascular surgery has been used 
extensively in head and neck surgery,” few data exist in the 
literature on the use of CTT for limb-salvage surgery aftar 
sarcoma resection. The use of CTT in four patients has been 
described in one study." A CTT was used to cover the elbow, 
to close a groin defect, to cover persistent wound breakdown 
near the ankle, and to cover the foot. The donor tissue was 
latissimus dorsi? and scapular graft.' Two of the four flaps 
failed, possibly because of radiation injury to blood vessels. In 
our series, one flap required replacement in the first 24 hours 
because of insufficient arterial inflow and one flap required 
revision because of venous congestion. This highlights tre 
importance of ensuring satisfactory blood supply to the CTT 
and the importance of very close monitoring in the immediate 
postoperative period. 

In conclusion, the successful use of CTT for coverage of 
complex surgical defects in a variety of areas of the body has 
been well documented. We report herein the utility of CTT for 
limb-salvage surgery following resection of soft-tissue sarco- 
mas. The use of CTT can extend the indications and improve 
the outcome of limb-salvage surgery for sarcomas in difficult 
locations. The use of CTT offers an alternative to amputation 
in selected cases when complications occur and when inace- 
quate tissue remains after resection of primary or loca.ly 
recurrent tumor. 
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Recognition, Management, and Prevention 


of Clostridium septicum Abscess in 


Immunosuppressed Patients 


Magnus E. Kolbeinsson, MD; Walter D. Holder, Jr, MD; Salim Aziz, MD 


* Spontaneous gas gangrene due tc Clostridium septicum isa 
rapidly progressing disease that usually ends in fatal toxemia. 
Wereport three cases cf asymptomatic C septicum abscesses to 
document the clinical course of this entity and to establish guide- 
lines for its prevention and treatment. In contrast to previously 
reported data, C septicum infections can produce abscesses in 
solid organs, the retreperiteneum, and the extremities. These 
lesions often occur in patients with cancer, producing liver ab- 
scesses without gas formation that may be misinterpreted as 
metastatic carcinoma. Symptoms may be minimal or nonspecific 
before fulminant toxemia. Asymptomatic bacteremia should 
prompt a search for unsuspected cancer and an abscess. Com- 
puted tomography is ihe diagnostic modality of choice. The 
. trestment consists of surgical débridement of necrotic tissue in 
concert with an appropriate course of antibiotics. We have found 
recurrences after adequate débridement and short-term antibiot- 
ic therapy, suggesting that prolonged and ever lifelong prophy- 
lactic oral penicillin G potassium may be necessary to prevent 
further recurrences. 

(Arch Surg. 1991;126:542-645) 


(O4 as gangrene when due to trauma can often be prevented 
XA or treated effectively by early surgical débridement. 
Spontaneous gas gang 
however, is almost inva 








-Sior has long been reeogniz 
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rene due to Clostridium septicum, .. 
: riably fatal because the diagnosis is — 
often not considered and treatment isdelayed.'* Although the — 
| it int neoplasms and immunosuppres- —— 
ized, no specific preventive mea- — 


sures have been established. Since the patient population at 
risk is rapidly increasing, early identification and preventive 
measures become more important. The purpose of this study 
is to report three cases of C septicum abscesses with recur- 
rent infection after apparently adequate antibiotic and surgi- 
cal therapy. We discuss management and prevention 
guidelines. 


REPORT OF CASES 


Both lobes of the liver contained demarcated necrotic and crepitant 
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Fig 1.—Case 1. Computed tomographic scan of abdomen snows 
presumed metastatic tumor (later proved to be Clostridium septicum 
abscess) within the right lobe of the liver and contrast within the 
stomach. 


further was done, and he died 6 hours later. An autopsy showed 
extensive pelvic adenocarcinoma, a small empyema in the right side 
of the chest, multiple recurrent liver abscesses, and new hepatic 
metastases. Gram’s stains of the pleural fluid and liver abscesses 
demonstrated gram-positive rods that were consistent with clostrid- 
ia, together with gram-negative rods. 

CASE 2.—A previously healthy 80-year-old man was admitted to 
another hospital for evaluation of shortness of breath, fatigue, and 
low-grade fever. Findings from physical examination were unre- 
markable, but the complete blood cell count revealed pancytopenia, 
with a white blood cell count of 2.1 x 10°/L. Blood cultures yielded 
C septicum. A bone marrow biopsy specimen demonstrated de- 
creased megakaryocytes with normal erythroid and myeloid lines, 
and a diagnosis of myelodysplastic syndrome was made. A barium 
enema was normal. The patient was treated with IV penicillin and 
vancomycin for 10 days and ther. discharged on a regimen of oral 
penicillin. Three weeks later, he was readmitted with complaints of 
groin pain on the right side and a temperature of 40°C. Three blood 
cultures yielded C septicum. A CT scan showed a gas-filled mass 
within the right iliopsoas muscle (Fig 2). A surgical exploration was 
performed with the use of a retroperitoneal approach, and a demar- 
cated gas-filled necrotic area of the iliopsoas muscle was encountered. 
This was débrided into normal-zppearing muscle. Cultures of the 
tissue yielded C septicum. The patient was treated with IV penicillin, 
2 million U every 4 hours for 3 weeks, and then discharged on a 
regimen of prophylactic penicillin V potassium (500 mg four times 
daily) when his condition had improved and he had negative blood 
cultures. 

Three weeks later, after failing to take his prescribed penicillin, the 
patient was admitted to Stanford (Calif) Hospital with a sudden onset 
of right-lower-quadrant abdominal pain and a temperature of 40°C. 
An abdominal CT scan was performed that again showed a right 
iliopsoas muscle mass with possible involvement of the iliac vessels. A 
right-sided iliac arteriogram was normal. Abdominal exploration 
revealed a recurrent necrotic mass in the right iliopsoas muscle that 
medially displaced the iliac vessels. Again, all necrotic tissue was 
débrided dewn to normal-appearing surrounding structures. Tissue 
and blood cultures were negative. Gram’s stain of the tissue showed 
gram-positive rods consistent with C septicum. A follow-up CT scan, 
at 2 months, showed a new 2-cm lesion in the right lobe of the liver. A 
metastatic tumor vs abscess was suspected. Multiple ultrasound- and 
CT-guided transcutaneous biopsy specimens showed necrotic tissue 
but failed te demonstrate any histologic evidence of malignancy or 
infection by culture. Gram’s stain of the material was suggestive of a 
few gram-positive bacilli. Since discharge, the patient has been fully 
compliant in taking oral penicillin. The liver defect disappeared with- 
in 3 months, and the iliopsoas muscle abnormality was not apparent 
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Fig 2. —Case 2. Computed tomographic scan of the pelvis shows right 
iliopsoas Clostridium septicum abscess with gas formation beforethe 
first operation. Contrast is within the small intestine. 


after 9 months on subsequent CT scans. The patient did well and was 
active for 1!/» years when his myelodysplastic syndrome progressed 
into chronic myelogenous leukemia. He has had no further episodes of 
C septicum sepsis and has been on a regimen of continuous oral 
penicillin. 

CASE 3.—A formerly healthy 71-year-old man was admittec for 
evaluation of left flank pain and hematuria. A peripheral blood smear 
showed pancytopenia, and a bone marrow aspirate revealed a diagno- 
sis of myelodysplastic syndrome. Three weeks later, the patient 
presented with a temperature of 39.5°C and a 0.5-cm, well-localized, 
erythematous, tender area on his right calf. His hematocrit was @.28, 
platelet count was 48 x 10°/L, and white blood cell count was 
14 x 10°/L. Soft-tissue roentgenograms were normal. Blood cultures 
were drawn, and IV nafcillin therapy (2 g every 4 hours) was started 
to treat an apparent staphylococcal cellulitis. Nine hours later the 
infected area was crepitant with extension to the midthigh level, 
necessitating right hip disarticulation. Tissue and blood cultures 
yielded an undetermined Clostridium species. Postoperatively, the 
patient was treated with IV penicillin G potassium (10 million U every 
4 hours) for 3 days; this dosage was then reduced to 3 million U every 
4 hours and discontinued on the ninth postoperative day, as recom- 
mended by an infectious disease consultant. Penicillin therapy was 
restarted 2 days later when fever recurred, together with confusion. 
Blood cultures yielded Pseudomonas aeruginosa. Computed tomo- 
graphic scans of the head and abdomen were obtained, demonstrating 
a 2-cm lesion in the right side of the pons, consistent with an abscess 
(Fig 3). Due to his low platelet count and high risk for operation, a 
drainage procedure was not done, and he was treated with IV ceftazi- 
dime (2 g every 8 hours) in addition to penicillin G potassium (3 million 
U every 4 hours). His condition rapidly improved, but 2 weeks later, 
oligurie renal failure developed that appeared to be due to penicillin- 
induced interstitial nephritis. A CT scan of the head, at that time, 
showed the abscess to be resolving. Penicillin therapy was replaced 
with clindamycin treatment, and renal function promptly improved. 
Antibioties were stopped after 6 weeks, and the patient was dis- 
charged 1 week later. 

The patient did well clinically for 4 months when he returned with a 
low-grade fever and drainage from his hip incision that contained 
mixed flora, including gram-positive rods. Anaerobic cultures were 
not obtained. Therapy with sulfamethoxazole and trimethoprim and 
metronidazole was started IV. A repeated CT scan of the head 
showed resolution of the brain abscess. The hip wound was explored 
with the patient under general anesthesia, and multiple, infected 
sinus tracts were débrided. The symptoms improved, and the patient 
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Fig 3.—Case 3. Computed tomographic scan of the head shows 
pontine abscess formation presumed to be due to Clostridium 
septicum. 


was discharged with a 1-week course of the aforementioned antibiot- 
ies. Ten days after the discontinuation of the antibiotics, he was 
brought to the hospital w:th complaints of abdominal pain and fever. 
Intractable septie shock rapidly developed in the patient, and he died 
a few hours later. Blood cultures yielded C septicum. An autopsy 
showed necrosis and gas formation in the liver, spleen, and ascending 
colon. The pontine lesion had resolved. 


COMMENT 


Clostridium septicwm was isolated by Louis Pasteur 100 
years ago and was the first anaerobic pathogen to be de- 
scribed.” It is found variably as a simple wound contaminant 
or as causing a spontaneous infection that produces the sud- 
den onset of severe pain with a rapid progmession to fatal 
toxemia."""There is a strong association between C septicum 
infections and coexistent malignant neoplasms or myelodys- 
plastic syndrome.’ Colon carcinoma, especially cecal tumors, 
and leukemia are the most common coexisting malignant 
neoplasms. ^'^" There is also a marked correlation with im- 
munesuppression, especially leukopenia, bothiatrogenic and 
disease related.*" Because of the absence of specific signs or 
symptoms and a general lack of preventive measures, most 
spontaneous C septicus infections are fatal in contrast to 
traumatic gas gangrene caused by Clostridium perfringens 
that can often be prevented or adequately treated by early 
surgical débridement.***™ 


Pathogenesis 


The bacteria usually gain access to the bloed and tissues 
through colon mucosal ulcers that frequently occur in colon 
carcinoma, leukemia, and neutropenia.’ Leukemic patients 
are predisposed to enterocolitis and ulceration as a result of 
neutropenia rather than leukemic infiltrates. ^'^" These ul- 
cerative changes with bacterial invasion are reversed on im- 
proving the neutrophil count.” The clinical syndrome that 
usually develops following the invasion of C septicum is char- 
acterized by the acute onset of severe localized pain, most 
often in the abdomen or the proximal muscles of an extremity. 
The diagnosis is rarely recognized, and within hours, signs 
and symptoms of sepsis develop in the patient, who then 
lapses into fatal toxemia.” Clostridium septicum infection is 
a diffuse-spreading rrocess that is rarely described as form- 
ing an abscess unlike the cases presented here. 
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The patient with C septicum abscess has a very different 
clinical presentation. Symptoms are frequently absent initial- 
ly or nonspecific with variable fever, malaise, and mild, local- 
ized pain. The most common abscess location is the iliopsoas 
muscle region due to an extension along retroperitoneal fas- 
cial planes from the bowel wall. Another frequent site, pre- 
sumably produced by hematogenous spread, is the proximal 
muscles of the extremities.” However, unusual and more 
distal seeding can also occur as reported in case 3 above. Solid 
organs have been considered rare sites for these abscesses, 
and case 1 is the first eulture-proved C septicum liver abscess 
to be reported, to our knowledge.” Clostridium septicum can 
form abscesses in the spleen, as has been previously report- 
ed," and in the brain as shown by case 3. Clostridium septi- 
cum meningitis with brain necrosis has previously been de- 
scribed.” Metastatic lesions may be more susceptible to C 
septicum infection than normal liver tissue.* The infection can 
destroy the tumor tissue and form a localized and asymptom- 
atic abscess that does not penetrate healthy liver. These 
lesions may be self-limited, remain asymptomatic, or pro- 
gress into fatal toxemia, depending on the degree of immuno- 
suppression of the patient and the use of the antibiotics. 


Diagnosis 


The C septicum abscess is usually small and deeply local- 
ized in the retroperitoneum, muscles, or solid organs. It is 
composed of mostly necrotic avascular tissue, with only mini- 
mal white blood cell infiltrates.’ The organism may produce 
abundant gas, making the diagnosis possible by standard 
x-ray films, but often the gas formation is minimal or nonexis- 
tent.“ The complete blood cell count and differential cell 
count are often not helpful. The diagnostic modality of choice 
is the CT scan, because of its ability to define small lesions in 
the retroperitoneum, solid organs, and muscle, and especially 
avascular abnormalities where a sharp demarcation can be 
obtained with the use of IV contrast." Data are not available 
on magnetic resonance imaging studies in these patients. All 
patients with a positive blood culture for C septicum should 
have an abdominal and pelvie CT scan to look for C septicum 
abscesses. The possibility of brain abscesses should not be 
overlooked. Gas-filled abscesses are easily diagnosed, but 
when there is no gas formation, these lesions may be difficult 
to differentiate from metastases, especially when occurring in 
the liver. 


Treatment and Prevention 


Clostridiwm septicum can cause asymptomatic abscesses 
in normal and tumor-bearing liver and muscle that can be 
readily débrided. Diagnosis at an early stage is of paramount 
importance to prevent a fulminant toxemia. Earlier recogni- 
tion may also lead to the diagnosis of coexisting malignant 
neoplasms at a curable stage. 

An expanding use of immunosuppressive treatments are 
constantly increasing the population at risk. These patients 
frequently suffer neutropenic episodes that may lead to muco- 
sal ulceration and C septicum invasion.'"* Clostridium septi- 
cum bacteremia in this situation suggests the development of 
an asymptomatic abscess that should be treated with appro- 
priate antibioties (usually penicillin) and evaluated by a 
prompt CT scan of the abdomen and pelvis. Also, these pa- 
tients, when severely immunosuppressed, should receive 
antibiotics that cover C septicum at times of unexplained 
febrile illness. Hyperbaric oxygen may help in some severe 
cases; however, there is evidence that its efficacy is less in 
treating C septicum than other Clostridium sp.°” After the 
diagnosis is established, the treatment has changed little 
from that described by Abraham Wilenskey in 1918": “The 
goal of treatment is extensive debridement of all infected and 
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necrotic tissue, good hemostasis and evacuation of hemato- 
mas.” However, antibiotics now play a crucial role in treat- 
ment. Based on findings from sensitivity tests and patient 
studies, penicillin is the treatment drug of choice." Initially, 
before culture and sensitivity reports are available, we rec- 
ommend obtaining a Gram' stain immediately and initiating 
broad-spectrum antibiotic coverage, including penicillin, be- 
cause mixed infections occur commonly. Early institution of 
antibiotics ar: 





nti rd supportive measures is imperative. 
From our experience, we conclude that patients with previ- 








ous C septicum abscesses continue to be at very high risk for — 
recurrent abscess formation and sepsis and should recewe — 
prophylactic penicillin orally for life. This recommendation 
differs from the current practice of giving antibiotics for 4 to 6 
weeks and is based on an unacceptably high recurrence rete 
after seemingly appropriate surgical and antibiotic treat- 
ment.’ Since colonic mucosal invasion occurs frequently in 
neutropenic patients, penicillin treatment for C septicum is 
recommended for profoundly neutropenic patients with unex- 
plained febrile illness. 
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| ARCHIVES OF PATHOLOGY & LABORATORY MEDICINE 


| Regurgitation of Fat and Marrow Emboli Into Coronary Veins During Resuscitation 
Virginia M. Walley, MD; Maha M. Guindi, MD; William A. Stinson 


cds Three groups of patients were examined at. autopsy for the presence of fat and marrow emboli in the lungs, 
| heart, and other organs. Group 1 was composed of patients with massive pulmonary thromboembolism and 
attempted cardiopulmonary resuscitation; group 2, patients with pulmonary thromboembolism and without 


tempted cardiopulmonary resuscitation; and group 3, patients without pulmonary thromboembolism and 


ith attempted c 


rdiopulmonary resuscitation. The results confirm that pulmonary fat and marrow emboli 


E 'e frequent in those patients who are resuscitated. A novel observation is the finding of multiple coexistent 
[| eardiac venous emboli in those resuscitated patients who have pulmonary artery obstruetion with pulmonary 
|] thromboemboli. These findings suggest that these emboli regurgitate from the right side of the heart to the 

.' coronary sinus and cardiac veins in cases of pulmonary artery hypertension (Arch Pathol Lab Med. 


| 4991:115:65-67). 


| | Reprints not available. 
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ystic Duct Cholangiography During 


Laparoscopic Cholecystectomy 


Mickael E. Blatner, MD; Catherine M. Wittgen, MD; Charles E. Andrus, MD; Donald L. Kaminski, MD 


|. * At present, there is no consensus regarding the routine use 
of intraoperative cholangiography during cholecystectomy. We 
-describe a reliable techrique for performing cystic duct cholan- 
<; glography during laparoscopic cholecystectomy. Using this 
_technique, we were abie to cannulate the cystic duct in 97% of 
patients, completely visualize the biliary tree and duodenum in 
93% of patients, and idertify unsuspected choledocholithiasis in 
3% cf patients. Treatmert options for the management of chole- 
docholithiasis demonstratec by cholangiograms during laparo- 
scopic cholecystectomy include conversion toan open chole- 
cystectomy and common duct exploration, or endoscopic 
sphincterotemy anc common duct stcne extraction following 
laparoscopic cholecystectomy. 
(Arch Surg. 1991;126:646-649) 


L aparoseopie cholecystectomy is a new technique used to 
(os Ad remove the gallbladder from patients with cholelithia- 
_. Sis.’ At present, there is no eonsensus in regard to the routine 
|... use of intraoperative cholangiography during this procedure. 
(s With the identification of choledocholithiasis by intraopera- 
— v tive eholangiography, one is presented with the dilemma of 
|»... Whether to convert the procedure to a standard cholecystec- 
_ tomy and cemmon bile duct exploration or to complete the 
_ laparoscopic cholecystectomy and perform delayed endoseop- 
c extraction of the common bile duct stones. The value and 











importance of routine ¢ holangiography during biliary tract 








‘operations has been espoused by authors for nearly 
40 years. Because of the physical inaccessibility of the com- 
mon duct during laparoscopic cholecystectomy, routine chol- 
angiography for anatomic confirmation and identification of 
common duct disease is believed to be even more important 
when performing this procedure. We report a reproducible, 
liable technique for performing intraoperative cystic duct 
cholangiography during laparoscopic cholecystectomy. 
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MATERIALS AND METHODS 


After informed consent was obtained, patients with biliary colic. 
and Gocumented cholelithiasis underwent laparoscopic cholecystec- 
tomy by the method initially described by Reddick and Olsen.’ Fol- 
lowing identification, dissection, and isolation of the cystic duct, the 
neck of the gallbladder was occluded with a titanium clip (autosuture 
EndoClip 176601, US Surgical Corps, Norwalk, Conn). Distal to this 
clip, an incision was made in the cystic duct using laparoscopic scis- 
sors. Through an Olsen cholangiographie fixation clamp (Storz 
289180 H, Karl Storz, Endoscopy America, Culver City, Calif), a 
tapered endoscopie retrograde cholangiopancreatography (ERCP) 
cannula (ERCP-1-LT, Wilson-Cook Medical Inc, Winston-Salem, 
NC) was introduced into the cystie duct and fixed in place by the jaws 
of the clamp (Fig 1). The cholangiography catheter and clamp were 
introduced into the abdominal cavity through a right lateral trochar 
80 that the catheter tip was directly in line with the cystie duct 
opening. The ERCP cannula could be readily advanced and with- 
drawn through the open fixation clamp. 

Chelangiography was then performed using 10 to 15 mL of a 1:1 
dilution of 50% roentgenographic contrast material (diatrizoate meg- 
lumine, Hypaque, Winthrop Pharmaceuticals, New York, NY). The 
patient was initially placed in the Trendelenburg position and the 
catheter was injected with contrast material. The horizontal position . 
of the patient was then restored, and with a momentary cessation of - 
mechanically assisted ventilation, the cholangiography was per- 
formed. Depending on the quality of the initial cholangiogram (ie, 
incomplete visualization of the hepatic ducts, common bile duct, or 
duodeaum), an additional injection and cholangiography were per- 


formeé in a similar fashion after a 2-minute delay following the — 


intravenous administration of 4 mg of morphine sulfate. | 
Choiangiographie data and other pertinent operative results were 


collected. Results were tabulated and analyzed using standard pro- 


portionate calculations. | 
REPORTOFCASES =e Í 
. PATIENT 1.—A 43-year-old woman with ultrasound-documented 


cholelithiasis and a history of biliary colic underwent laparoscopic ^ 


cholecystectomy. Intraoperative cholangiography was performed in 
the usual fashion, with 15 mL of diluted diatrizoate meglumine. The 


resultant cholangiogram demonstrated good visualization of the dis- 


tal common bile duct and duodenal filling but nonvisualization of the 


hepatic ducts (Fig 2). Repeated cholangiography 2 minutes after the 
.. intravenous injection of 4 mg of morphine demonstrated adequate 
. visualization of the hepatic and common bile duets and documentation 
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Fig 2.—Intraoperative cholangiograms obtained during a laparo- 
scopic cholecystectomy before (left) and after (right) the administra- 
tion of intravenous morphine. 


5annula 





Fig 1.—Cannulation of the cystic duct by an endoscopic retrograde 
cholangiopancreatography (ERCP) cannula via the Olsen cholangio- 
graphic fixation clamp. 





Fig 3. — Cholangiograms demonstrating a therapeutic technique for treating choledocholithiasis discov- 
ered during laparoscopic cholecystectomy: left, choledocholithiasis demonstrated by intraoperative 
laparoscopic cholangiography; center, endoscopic retrograde cholangiopancreatography with sphincter- 
otomy of the ampulla of Vater; and right, resultant cholangiogram devoid of the stones. 
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. Ofno filling defeets or other biliary abnormalities @ig 2). The laparo- 


. was discharged the followii ig day. 

o = PATIENT2. — A 75-year-old woman with a 10-year history of biliary 
. colic who had ultrasound-documented cholelithiasis, with a normal- 
- sized common bile duct (0.57 em) and no intrahepatic ductal dilation, 
underwent laparoscopic eholeeysteetomy. The patient's preoperative 
liver function tests revealed elevation of the aminotransferases and 
alksline phosphatase levels. Laparoscopic visualization of the liver 
demonstrated generalized cirrhosis. The cystic duct was dissected 
and'isolated in the usual fashion, and intraoperative cholangiography 
was performed using 10 mL of diluted diatrizoate meglumine. 'The 
cholangiogram demonstrated good visualization af the duodenum, 
common bile duct, and hepatic ducts, but three l-cm filling defects 
seer in the common bile duet were consistent with choledocholithiasis 
(Fig 3). The laparoscopie chelecystectomy was cempleted without 
further incident in the usual fashion. Twelve hours later, the patient 
underwent successful ERCP with sphineterotomy and balloon-facili- 
tated extraction of the common bile duct stones (Fig 3) She was 
discharged the following day and had an unremarkable recoverr. 


RESULTS 


In performing laparoscopic cholecystectomy, we initially 
attempted cholangiography through a direct injection of the 
gallbladder (cholecystccholangiography). In only one of three 
attempts was adequate visualization of the common bile duct, 
hepatic ducts, and duodenum achieved. 

During 33 subsequent laparoscopic choiecystectomies, 
cholangiography, via the cystic duct, was attempted and 
resulted in successful eannulation of the cystic duet in 32 
patients (97%). The only eystic duct not cannulated was ste- 
notie and thus did not permit cannulation with the ERCP 
cannula. In the initial cholangiographic injections during 
these laparoscopic choleeystectomies, complete visualization 
of the duodenum, common bile duct, and hepatic ducts was 
achieved in 16 (50%) of 32 patients. Complete visualization 
was also achieved in 12 of 14 patients who underwent subse- 
quent repeated cholangiography after intravenous adminis- 
tration of morphine. Thus, complete visualization of the duo- 
denum, common bile duct, and hepatic duct was achieved in 28 
(93%) of 30 patients who underwent complete cholangiogra- 
phy. Both cases of incomplete cholangiography were due to 
incomplete visualization of the hepatic ducts: One of these 
patients had undergone an ERCP sphincterotomy 1 week 
before surgery, and the other patient did not receive the 
intravenous morphine. 

Three of the 36 patients undergoing laparoscopic cholecys- 
tectomy were found to have common bile duct stones. One 
patient underwent precperative ERCP/sphincterotomy and 
stone extraetion; the second patient underwent postoperative 
ERCP/sphincterotomy and stone extraction; and the third 
patient underwent both preoperative and postoperative 
ERCP/sphincterotomy and stone extraction. The third pa- 
tient had severe coronary artery and valvular heart disease 
and had undergone ERCP/sphincterotomy for preoperative 
removal of previously doeumented choledocholithiasis 1 
monta after transhepatie, percutaneous decompression ofthe 
gallbladder for acute cholecystitis. At the time of laparo- 
 Scopie cholecystectomy, two additional stones were noted to 
have migrated into the common bile duct. Thus, postlaparo- 
scopie cholecystectomy, ERCP, and stone removal was per- 
- formed. The patients subsequent course was unremarkable. 
The incidence of unsuspected common bile duct stones at the 
time cf laparoscopic cholecystectomy was 3% (one patient). 

COMMENT 

Just as it has been with standard open cholecystectomy, the 
need for routine intraoperative cholangiography during la- 
_paroseopie cholecystectomy is a controversial issue. Previ- 
ous studies of operative cholangiography performed during 
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.- 8copie cholecystectomy was completed uneventfully, and the patient 





standard open cholecystectomy"* and laparoscopic cholecys- 
tectomy' as well as this study have documented the incidence 
of unsuspected common bile duet abnormalities (mainly 
stones) during elective cholecystectomy to be from 3% to 14%. 
As laparoscopie cholecystectomy becomes more common, it 
appears likely that ERCP will be used more frequently. A 
patient with clinical and laboratory signs suggesting possible 
choledocholithiasis will probably undergo preoperative 
ERCP, sphincterotomy, and stone extraction prior to lapar- 
oscopic cholecystectomy. Undetected common duct stones 
will likely still be present in 396 to 14% of patients undergoing 
laparoscopic cholecystectomy. '?* 

In laparoscopic cholecystectomy, the gallbladder itself is 
used as the retractor, which provides for good visualization of 
the cystic bile duct and artery. Visualization of the common 
bile duct is severely limited and palpation is impossible. Thus, 
this approach to cholecystectomy depends completely on the 
roentgenographic visualization of the common bile duct as a 
means of assessing the potential existence of common bile 
duct stones, common bile duct injuries, or biliary anomalies. 
Although our experience was limited, cholecystography pro- 
duced relatively unsatisfactory cholangiograms. Cystic duct 
cholangiography during laparoscopic cholecystectomy pro- 
vides delineation of the length of the cystic duct required to be 
dissected, anatomical information about the common duct, 
and identification of common duct stones. 

Cystie duct cholangiography performed during laparo- 
scopie cholecystectomy requires the same amount of opera- 
tive time that it does during open cholecystectomy and has all 
the other unfavorable aspects of operative cholangiography, 
including increased costs, radiation exposure, and problems 
with false-positive cholangiograms. Routine operative chol- 
angiography has never been proved to have a positive risk- 
benefit ratio, and many surgeons performing laparoscopic 
cholecystectomy will continue to use cystic duct cholangiogra- 
phy on a selective basis.’ 

As this study demonstrated, the cystic duct ean be success- 
fully cannulated 97% of the time during laparoscopic cholecys- 
tectomy. We also demonstrated that with the successful can- 
nulation of the cystic duct, the distal common bile duct and 
duodenum can be roentgenographically defined 100% of the 
time. Indeed, unlike in an open cholecystectomy, the roent- 
genographic contrast material flows readily into the duode- 
num, confirming patency of the sphincter of Oddi. Most prob- 
ably, due to the limited manipulation of the duodenum and the 
sphincter during laparoscopic cholecystectomy, the proximal 
common bile duct and hepatic ducts were not initially filled in 
16 cases (50%). 

Morphine causes increased sphincter of Oddi tone, de- 
creases free flow of dye into the duodenum, and facilitates the 
filling of the proximal common bile duct and hepatic ducts." 
This pharmacologic maneuver improved the rate of complete 
visualization of the bile duct to 93%.” Other techniques, in- 
cluding injecting more contrast material and altering the 
position of the patient more dramatically, may similarly facili- 
tate visualization of the proximal biliary tree. In our experi- 
ence, intravenous morphine improved the quality of the 
cholangiograms. 

During laparoscopic cholecystectomy, what should one do if 
an unsuspected common bile duct stone is identified? The 
success rate of ERCP, sphincterotomy, and stone extraction 
with the complete removal of all common bile duct stones 
approximates 90%." The overall morbidity (2.5% to 11.1%), 
rate of emergency operations (0.5% to 10.3%), and mortality 
(0.4% to 5.8%) resulting from ERCP and sphincterotomy 
have also been confirmed.”" Open cholecystectomy with 
common bile duct exploration has a similar reported morbid- 
ity and mortality.*^" Comparisons of reported morbidity and 
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his might lead one to conclude that laparoscopic cholecys- 
tectomy with subsequent ERCP and sphincterotomy and 
- laparoscopic cholecystectomy with conversion to an open cho- 
~ Jecystectomy with common duct exploration when common 
duet stones are identified by cholangiography are equally 


efficacious. Randomized trials compari ng laparoscopic chole- 


. cystectomy and endoscopic sphincterotomy with common 
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"ARCHIVES OF PATHOLOGY & LABORATORY MEDICINE 
. Gross Cystic Disease Fluid Protein—15 in Salivary Gland Tumors 
Paul E. Swanson, MD; Guido Pettinato, MD; Tamera J. Lillemoe, MD; Mark R. Wick, MD 


] | Gross cystic disease fluid protein— 15 (GCDFP-15) is a 15-kd glycoprotein that is expressed by normal 

apocrine epithelia and in a majority of breast carcinomas. However, recent studies have demonstrated that 

- this substance is also present in tumors of the salivary glands, sweat glands, and prostate gland. To determine 
. | > whether the expression of GCDFP-15 might aid in the differential diagnosis of salivary gland lesions, the 
-| anti-GCDFP-15 monoclonal antibody D6 was applied to paraffin seetions of 133 such neoplasms. Benign 
|]. tumors (76% reactive) were more often labeled than malignant lesions (28% reactive) by this antibody; 

- overall, 53 (41%) of 133 cases were positive for GCDFP-15. Notably, the tubuloglandular components in 17 
morphic adenomas were reactive, but no example of either adenoid eystie carcinoma or 
de adenocarcinoma were labeled. In contrast, 24% of adenocarcinomas stained with 
t expression of GCDFP-15 by a spectrum of salivary gland tumors supports their 
sions of the cutaneous apocrine glands and breast. Furthermore, the demonstration 
oL erm be of use in suggesting the salivary gland nature of poorly differentiated carcinomas 
-|. ofthe head and neck, and it may facilitate the separation of pleomorphic adenoma from histologically similar 

-malignant neoplasms in the salivary glands themselves (Arch Pathol Lab Med. 1991,115:158-163). 
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duct stone extraction compared with conversion to an open 
cholecystectomy and common duct exploration will need to be. 
performed to determine the optimal approach. The limited | 
period of hospitalization and subsequent disability relate to- 
laparoscopic cholecystectomy and endoscopic common dact 
stone extraction render this a highly attractive alternative to ' 
the management of cholelithiasis and choledocholithiasis. 

All of our patients with choledocholithiasis underwent la- 
paroscopie cholecystectomy, endoscopic sphineterotomy, and — 
stone extraction. The patients had only one more day of | 
hospitalization following laparoscopic cholecystectomy, re- _ 
turned to normal activities within 1 week, and appearec to — 
benefit from this approach. 
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| d the Technique of Local 
Resection of Tumors of the Papilla of Vater 


. Marwan Farouk, FRCS; Manclis Niotis, MD; Gene D. Branum, MD; Peter B. Cotton, MD; William C. Meyers, MD 


* Local resection of tumors of the papilia of Vater was per- 
formed in six cases (three benign adenomas andithree adenocar- 
cinomas). Pathology was suggested in all cases by endoscopic 
biopsy and corfirmed by operative excision. A:method of exci- 
sion: of the tumor and reconstruction of the pancreaticobiliary 
apperatus was used that eliminated all gross and microscopic 
disease. Only cne cf the patients with benign disease (familial 
polyposis) suffered trom local recurrence. All three patients with 
malignant tumors cevelopec local recurrences within 2 years of 
resection. Local resection seems to be a viabie alternative to 
Whipple's resection in patients with benign tumors. In malignant 
cases, local resection should be considered only a palliative 
procedure and confined to elderly patients with severe concomi- 
tant disease and patients in whom a more radical procedure 
would incur an undue surgical risk. 

(Arch Surg. 1991;126:650-852) 


rue villous adenomas of the papilla of Vater are rare.’ 

; &. Local excision in patients with malignant disease is usual- 
—: ly confined to those in poor general condition and those who 
.. . refuse to undergo such extensive surgery. The optimal extent 
of local resection is a source cf confusicn and debate.* Various 
_ operations for periampullary resection have been described, 
^ fromsimple excision confined to the mucosa te wide excision 
|... eneompassing the posterior duodenal wall.'* We report six 

“Such cases treated at this institution during the last 5 years. 


OPERATIVE PROCEDURE 


The operative procedure is illustrated in the Figure. After initial 
laparctomy, the duocenum is mobilized by Kocher’: maneuver and 








_ delivered anteriorly. The tamor may occasionally begently localized 
by palpation and p sterior tumor excision excluded. A longitudinal 












... duodenotomy is performed between stay sutures, and the tumor is 
visuaEzed. The tumor is usually found obstructing either the panere- 
atic or biliary duct. The lesion is retracted inferiorly; and both ducts 
are cannulated with eoronary artery dilators. Partial excision of the 
tumor may occasionally be required before the ducts are visible and 
 eannu.ation feasible. 
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creatie tissue. Choledochoscopy via the ampulla is then used to rule 
out further small lesions that might have been missed on preoperative 
endoscopic cholangiography. Frozen section examination of the mar- 
gins is performed to confirm complete excision. A normal resection 
margin of at least 1 em is accepted, and 4-0 chromic sutures are placed 
to reapproximate the ductal epithelium and duodenal mucosa. It may 
be necessary to sew the duodenum to the raw edge of the pancreas to 
close the defect. 

Five approximating sutures are usually necessary before the tu- 
mor is completely excised while the free edges of the duodenum and 
ducts are well visualized. Additional 4-0 sutures are applied as neces- 
sary after excision. After the duodenal and ductal reconstruction, the 
duodenum is closed transversely if possible to preserve duodenal 
patency. No drains are used. 


REPORT OF CASES 


CASE 1. — A 39-year-old man experienced three episodes of severe 
epigastrie pain, nausea, and vomiting during a 3-month period. The 
patient had previously been in excellent general health. Endoscopy 
revealed a 3- to 4-em, benign-appearing papillary neoplasm, and a 
dilated pancreatic duct was visible on cholangiography. Biopsy dis- 
closed a benign tubulovillous adenoma. Endoscopic retrograde cho- 
langiopancreatography showed a dilated pancreatic duct without 
obvious dilatation of the bile duct. Because of his religious beliefs, the 
patient refused to consider intraoperative blood transfusion or trans- 
fusion of his own stored blood. A radical pancreaticoduodenectomy 
was thus precluded, and local resection was performed. Histologic 
sections were benign, with clear resection margins. The patient 
remains well 39 months after resection. 

CASE 2.—A 76-year-old woman was admitted after several epi- . 
sodes of severe epigastric pain, jaundice, nausea, and rigors. Liver ~ 
function tests indicated an obstructive pattern, She was also suffer- 
ing from severe obstructive airway and cardiac disease. A 4-cm tumor 
was visualized at the papilla of Vater at endoscopy. The bile and 
pancreatic ducts were dilated, and emergent endoscopic sphinetero- | 
tomy was performed as a temporizing measure. Biopsy confirmed the | 
suspicion of a malignant neoplasm, and pancreaticoduodenectomy 
was offered to the patient. She refused to consent to this procedure. 


Local resection was performed in addition to a side-to-side hepatico- 
jejunostomy. The latter procedure was thought necessary because of —. 


the likelihood of local tumor recurrence, Histologic examination re- 


vealed a well-differentiated adenocarcinoma with clear resection ` 


margins. The patient survived 35 months but then died of intractable 
cholangitis and metastatic disease. - ae 
CASE 3.—A 62-year-old man with familial polyposis, who had - 
undergone proctocoleetomy 23 years previously, presented with epi- 
gastric pain, nausea, and vomiting. He had required long periods of 
hospitalization and multiple pereutaneous and endoscopic drainage 
procedures for recurrent bouts of persistent pancreatitis during the 
previous year. Endoscopie retrograde cholangiopanereatography re- 
vealed an intra-ampullary polyp obstructing the pancreatic duct. The 


patient was found to have developed a tight duodenal stricture pre- 
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Technique of local resection of ampullary tumors. A, Longitudinal 
duodenotomy and cannulation of common bile and main pancreatic 
ducts. B, Biliary and pancreatic sohincterotomies over a distance of 3 
to 4 cm. C, Removal of the tumor with adjacent common ductal and 
pancreatic tissue. D, Reapproximation of the ductal epithelium with 
ductal mucosa and the duodenum to the raw edge of pancreatic tissue. 


sumed secondary to pancreatitis. Further preoperative workup dis- 
closed thrombotic portal splenic veins as well as a large inflammatory 
mass in that region. Exploratory laparotomy was performed. In view 
of the local disease processes, Whipple' resection was considered to 
be too hazardous for this patient. Local resection of the intra-empul- 
lary lesion in conjunction with resection of three other duodenal 
polyps and a side-to-side duodenojejunostomy was carried out. 

The patient recovered from his recurrent pancreatitis but required 
yttrium-aluminum-garnet laser photocoagulation for three recurrent 
duodenal polyps 4 months later. During the subsequent 3 years he 
developed recurrent adenomas in the common hepatic duct, necessi- 
tating insertion of permanent percutaneous biliary drainage. 

CASE 4. — À 64-year-old man experienced three separate episodes 
of upper-abdominal pain lasting nearly 1 week, associated with rises 
in serum amylase level. Endoscopy, performed after he had recov- 
ered from the most recent episode, showed a 3- to 4-em neoplasm at 
the ampulla of Vater. Multiple biopsy specimens showed villous 
adenoma with mild dysplasia. Local resection was performed. Histo- 
logie examination did not reveal malignant foci, and the patient 
remained without symptoms or endoscopic evidence of recurrence 
more than 3 years postoperatively. 

CASE 5.—A 70-year-old man presented with multiple episodes of 
epigastric pain associated with hyperamylasemia. He was in poor 
general health, suffering from severe bouts of bronchitis, and had 
undergone caval ligation for multiple pulmonary emboli. Endoscopy 
revealed a 2-em papillary lesion. Biopsy confirmed a well-differenti- 
ated adenocarcinoma. Because of extensive previous surgery in that 
region and the poor general health of this patient, local resection was 
performed. Histologic examination of the specimen showed clear 
resection margins. The patient made a good recovery but presented 
with malaise and jaundice 2 years later. Endoscopic retrograde cho- 
langiopancreatography confirmed local recurrence, and tumor de- 
struction with yttrium-aluminum-garnet laser photoradiation was 
performed. Endoscopic tumor surveillance using ultrasound as well 
as computed tomographic scanning showed no further recurrence in 
the subsequent 8 months. 

CASE 6.—A 78-year-old man presented with jaundice and malaise 
and moderate upper-abdominal pain. He was in a generally fragile 
condition and had severe pulmonary disease. Endoscopy revealed a 1- 
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to 2-cm polypoidal lesion obstructing the ampulla. Endoscopic decam- 
pression was carried out to relieve jaundice. On the grounds of the 
patient's age and poor general health, local resection was performed. 
Histologic findings were of a well-differentiated adenocarcinoma. 
The patient presented with the rapid onset of jaundice 9 months after 
surgery. Endoscopic retrograde cholangiopanereatography con- 
firmed lower bile duct stenosis, and a biopsy confirmed recurrent 
tumor. Endoscopic stenting was unsuccessful, and exploratory lapa- 
rotomy was performed. Unresectable locally invasive tumor was 
encountered, and a hepaticojejunostomy was performed. The pa- 
tient’s jaundice resolved and had not returned 6 months after bypass. 


RESULTS 


The six patients included in this report have been followed 
up for a mean of 33 months (range, 15 to 39 months). Two 
additional patients with benign tumors underwent similar 
surgery and have done well, but, because of a short follow-up, 
they are not included in this report. None of the patients 
described had postoperative complications. All three patients 
with benign lesions had no recurrences (mean follow-up, 40 
months). The one patient with familial polyposis had occur- 
rence of other polyps, although in different locations. The 
patients with malignant neoplasms were followed up fcr a 
mean of 23 months. All of these patients had recurrences, 
which occurred 9, 24, and 32 months after surgery. One 
patient died 35 months after surgery. The other two patients 
with malignant neoplasms were alive 6 and 8 months ater 
recurrence was diagnosed. 


COMMENT 


The procedure of local resection of ampullary tumors was 
first described by Halsted in 1899." The initial procedure was 
a wedge excision of the ampullary region of the duodenum and 
included the distal common bile and pancreatic ducts. Al- 
though a few long-term survivors were described, a high 
operative mortality and poor survival rates were the narm. 
Radical pancreaticoduodenectomy, proposed by Whipple in 
1932, became the operation of choice for benign and malignant 
neoplasms in this area. Despite a high morbidity and opera- 
tive mortality, Whipple's procedure provided the best chance 
of cure in patients with limited invasive carcinoma. The safety 
and results of Whipple's resection have improved during the 
last decade, "^ and, by providing a wider tumor and regional 
lymph node clearance, it still is the most commonly performed 
operation for malignant papilla of Vater tumors. 

This report emphasizes the continuing role of local resec- 
tion in the surgical therapy for lesions at the papilla. In this 
small series, all patients had complex lesions at the papilla 
that required meticulous wide excision and reconstructien of 
the biliary and pancreatic ducts. The operations were per- 
formed for benign tumors, the noninvasive nature of which 
was proved only after total resection. The malignant lesions 
were small enough to be locally excised and confined te pa- 
tients who were not candidates for more protracted surgery. 
The operation is safe and yielded excellent results for both 
benigr and malignant groups. The patients with benign neo- 
plasms were all without evidence of recurrence several years 
after surgery, and the survival of patients with malignant 
tumors (currently 27 months) compares favorably with the 
survival of patients who undergo Whipple's resection. None 
of our patients have experienced recurrent problems due to 
primary tumor remaining in situ. The use of biliary bypass in 
the form of hepaticojejunostomy in malignant cases (pazient 
2) may prevent the need for reoperation (patient 6) when 
tumor recurrence occurs. Operative mortality for surgical 
bypass has improved in recent years partially because many 
high-risk patients are selected for nonoperative palliation, 
and bypass operations tend to be confined to patients who are 
initially subjected to operative procedure in the hope of cure." 
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. An additional consideration in the management of these 
_ tumors is that accurate histologie diagnosis c? these lesions is 
notoriously difficult. Endescopy may fail to reveal malignant 
foci in 17% to 40% of cases,“ and progression of benign epithe- 
lial ampullary tumors to papillary adenocarcinoma after local 
resection has also been reported in several instances.""” 
Technically, local resection is a relatively simple procedure 
with low operative mertality and morbidity, as seen in this 
and several other series. ^" The bile and pancreatic ducts may 
be explored by retrograde choledoehoscopy to rule out the 
presence of other biliary or pancreatic polyps as well as 
. excluding intraluminal tumor extension. Complete excision of 
< the tumor may be facilitated by frozen section. Accurate and 
precise reconstruction of bile and pancreatic ducts is essential 
and will prevent postoperative leakage and fistula formation. 
Tumor surveillance by annual endoscopic follow-up for life is 
recommended. Several reviews have underlined the contri- 
bution of endoseopy to the treatment ef patients with obstruc- 
tive neoplasms in this area. As demenstrated in our second 
patient, who presented with acute cholangitis, emergent de- 
compression of the biliary tract by endoscopic sphincterot- 
omy has a definitive role in some patients." Endoscopic thera- 
py a8 a primary treatment modality should probably be con- 
fined to very small iesicns in the papilla, often discovered only 
after sphincterotomy has been performed. In a recent series, 
mainly small adenomas in 11 patients were destroyed by 











snare resection and laser photoradiation, and tumor recur- . 
rence was seen only in one case with a mean follow-up of 39. 
months." Endoscopic ultrasound may turn out to be a useful - 
tool to determine extent and depth of invasion." Further- | 
more, endoscopic laser photoradiation was demonstrated to _ 
be useful when dealing with recurrent polyps in the patient - 
suffering from familial polyposis as well as local recurrence of 
carcinoma in other patients. 

Retrospective reviews" have reported similar long-term _ 
survival after local resection when compared with pancreati- - 
coduodenectomy, despite the former usually being confined - 
to the sickest patients. Prospective controlled clinical trials _ 
comparing these two procedures are still lacking. Due to the - 
considerable variation of tumor differentiation and relatively 
rare occurrence of this diagnosis, a large multicenter study 
wouid be required. | 

The therapeutic options available for the management of 
papillary tumors range from endoscopic destruction to pan- 
creaticoduodenectomy. Local resection is a reasonable alter- 
native for small benign tumors or in high-risk patients with 
localized carcinomas. The long-term efficacy of endoscopic 
treatment has not yet been established. Whipple’s resection 
represents a rather radical alternative but remains the opera- 
tion ef choice in fit patients with malignant disease. 


We appreciate the secretarial assistance of Carolyn F. Greene in preparation 
of the manuscript and the artistic talent of Rob Gordon. 
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Dr Farouk and his colleagues have nicely described the 
technique of wide ‘oral resection cf benign and minimally 
invasive tumors of the papilla of Vater. The technique they 
describe is the one my colleagues and I have used for 15 or 20 
years. With this technique, when the bile and pancreatic ducts 
are dilated (as they usually are from the ampullary obstruc- 
tion), it is possible toresect well beyond the tumor, removing a 
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cent segment cf panereas. in our experience, this can be 
hazardous, with occasional bleeding that is difficult to control. 
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Invited Commentary 


the tumor is frankly invasive and the patient is a good or 
reasonable surgical risk, we would prefer a pancreaticoduo- 
denal resection. If, on the other hand, the patient is an ex- 
treme surgical risk for a major operative procedure or refuses 
panereaticoduodenectomy, we would agree with the authors 
that a wide local resection and proximal biliary-intestinal by- 
pass should be performed for palliation, 

Whenever we have performed wide local resection for vil- 
lous tumors of the papilla, we follow up these patients with 
repeated endoscopic examinations approximately every 6 
months because of the propensity for villous tumors to recur. 


RoBERT E. HERMANN, MD 
Cleveland, Ohio 
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A Diagnostic and Therapeutic Dilemma 


-Enrique Freud, MD; Ron Bilik, MD, MS; Isaac Yaniv, MD; Gadi Horev, MD; David Cohen, MD; Marc Mimouni, MD; Michael Zer, MD 


e We describe a case of inflammatory pseudotumor of the 
lower abdomen in a young child. The urinary bladder and abdom- 
inal wall were involved, and the pseudotumor simulated a malig- 
nant sarcomatous tumor. Surgical excision was undertaken, and 
the outcome was favorable. This rare tumor simulates a true 
neoplasm both clinically and morphologically and presents a 
diagnostic and therapeutic dilemma. Our case and a review of the 
literature Indicate that an effort should be made to perform a 
. radical excision. This is considered the treatment of choice ex- 

cept if it requires a mutilating procedure. 

`- (Arch Surg. 1991;126:653-655) 


| eel pseudotumor (IPT) is a rare condition in 
childhood characterized by the appearance of a mass that 
_ simulates a true neoplasm. Accurate diagnosis before and 
even after excision is the main difficulty of this space-occupy- 
ing lesion. The consequent therapeutic problem is empha- 
sized by the reported case and the reviewed literature. 


REPORT OF A CASE 


A previously healthy 2 !/2-year-old white boy was admitted to the 
Pediatric Hematology-Oncology and Pediatric Surgery Depart- 
"ments, Beilinson Medical Center, Petah-Tiqva, Israel, for evaluation 
of.a lower abdominal mass and a 6-week history of dysuria. The 
. physical examination revealed a well-developed child with a firm and 










-. fixed nontender suprapubic mass 6 cm in diameter. A small scar with 
10 indi from a left herniorrhaphy performed at age 2 months 





uA o other pathologic findings were noted. The results 
laborato : 





= of the soratory studies were normal: complete blood cell 





ount; ination of erythrocyte sedimentation rate, serum urea 
nitrogen, and serum creatinine; and urinalysis. Ultrasonography and 


computed temography of the abdomen (Fig 1) revealed a soft-tissue, 
noncalcified mass, 6 cm in diameter, anterior to and invading the 
urinary bladder and extending into the left inguinal region and the 
left lower abdominal wall. 

At laparetomy, a grayish, solid mass was found infiltrating the 
anterior wall of the urinary bladder and the left rectus abdominis 
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lammatory Pseudotumor in Childhood 


muscle and extending into the left inguinal region. The gross appear- - 


ance was that of a malignant tumor, such as a soft-tissue sarcoma or 
rhabdomyosarcoma. A complete excision of the mass was performed, 
including partial cystectomy and excision of the infiltrated abdominal 
wall muscles. During dissection, stitch granulomas were observed in 
the left inguinal region. A temporary cystostomy was placed and the 
abdominal wall was reconstructed with polypropylene (Marlex) 
mesh. The patient’s postoperative course was uneventful. 

One month after discharge, the child was readmitted with a small- 
bowel obstruction that failed to respond to conservative treatment. 
At second laparotomy, multiple adhesions between intestinal inops 
and the polypropylene mesh were found, and adhesiolysis requiring 
near total excision of the mesh was performed. The abdominal wall 
appeared firm with no macroscopic recurrence of mass. The patients 
postoperative course was again uneventful. One and one half rears 
after surgery, the child was well, and results of computed tomograph- 
ic and ultrasonographie screening showed no evidence of recurrence. 


HISTOPATHOLOGIC EXAMINATION 


Microscopic examination of the specimen showed a mesenchymal — 
like stroma in which tapering fibroblasts containing pale, bland ruelei 
predominated (Fig 2). Mitotic figures and anaplasia were not present. . 
A fine cicatricial capillary network with a sparse inflammatory infil- 


trate of plasma cells, lymphocytes, and neutrophils was noted. Nu- 


merous foamy histiocytes were observed near the periphery cf the. 
mass (Fig 3). Three pathologists in different medical centers agreed — 
on the final diagnosis of pseudotumor. Within the bladder wal and . 
abdominal muscles a heavy inflammatory infiltrate was present along = 


with the formation of lymphoid follicles with germinal centers. Stitch 


granulomata and a few microabscess cavities (Fig 4) were seen in. 

tissue excised from the injured region during dissection of the centig-- 
uous abdominal wall. Stains for bacteria and fungi failed to reveal a- 
causal agent. Small arterial vessels at the edges of the lesion showed à. 


leukocytoclastic vasculitis. 
COMMENT 


The etiology of IPT is not well defined. A history of trauma, 
infection, or previous surgery is sometimes present and the - 
development of these masses is thought to be the resultofan 
overresponse of the organism to a variety of insults of exter- — 
nal origin. Inflammatory pseudotumor arising from the 





mesentery of the small bowel has been described follewing | 
Campylobacter jejuni enteritis‘ and associated with gestric — 


ulcer and carcinoma. 2 
Some authors have attributed the appearance of IPT to a 


response mechanism to immunologie processes." Denner 
suggested the possibility of a reactive lesion with pseudosar- 
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Fig 1.—Computed tomographic scan at the upper pelvic level, show- 
ing a solid mass (black arrows) displacing the urinary bladder and 
infiltrating the left anterior abdominal wal! and inguinal region (white 
arrow). 
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Fig 3.—Foamy histiocytic celis are seen near the periphery of the 
lesion (hematoxylin-eosin, original magnification x 400). 


comatous features but could not definitively exclude a rela- 
tionship to fibrous histioeytoma, myxofibrosarcoma, and 
myofibroblastoma. Several patients with IPT presented with 
fever, anemia, hypergammaglobulinemia, and thromboeyto- 
sis.” These symptoms usually disappear after removal of the 
tumor. 

Most of the reported cases have been in adults and have 
involved the lung or the upper respiratory tract." Other less 
common locations -nclude the small bowel mesentery,’ pan- 
creas,” kidney," spleen,“ bladder,” stomach,’ spinal cord and 
meninges," intracranial dura," and thyroid." Various nosolog- 
ic terms, such as solitary zanthoma, plasma cell tumor, 
plasma cell granuloma, pulmonary plasmacytoma, xantho- 
granuloma, histiocytoma, fibrous histiocytoma, postinflam- 
matory pseudotumor, and mast cell tumor, are all used in the 
literature to classify these lesions according to the predomi- 
nant cellular component. In 1954 Umiker and Iverson" pro- 
posed that these lesions be included under the denomination 
of inflammatory pseudotumor, since macroscopically they 
mimic the appearance of a tumor but histologically they are 
composed of mature inflammatory cells without evidence of 
neoplasia. 
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Fig 2.—Tapering fibroblasts within a mesenchymallike stroma (hema- 
toxylin-eosin, original magnification x 100). 





Fig 4.—Nonspecific abscess cavity (arrows) found in the specimen of 
the first laparotomy. Two microabscesses were observed, one above 
and one to the left of the abscess cavity (hematoxylin-eosin, original 
magnification x 40). 


Two reported cases illustrate the diagnostic and therapeu- 
tic difficulties of this condition. The first report, published in 
1973 by Wu et al,’ described a 14-year-old girl in whom a huge 
mass was found at laparotomy in the lesser sac involving the 
antrum of the stomach and extending into the jejunum and the 
transverse colon. Partial gastrectomy and wedge resection of 
the transverse colon, jejunum, and pancreas were performed 
with excision of the tumor. Plasma cell IPT was the final 
diagnosis. 

The second report, published in 1988 by Scott et al,” de- 
scribed a 5-year-old girl who presented with a pelvic tumor. A 
needle biopsy specimen was misdiagnosed as representing 
sarcoma of the pelvis and the patient underwent a pelvic 
exenteration with an ileal conduit. The final histologic diagno- 
sis was IPT. In both cases, the macroscopic appearance of the 
tumor mimicked a malignant process and led to unnecessarily 
radical surgery. 

An appropriate histologic diagnosis of IPT preoperatively 
or intraoperatively is one of the main problems the surgeon 
has to face to avoid an unnecessarily mutilating procedure. 
Radical disabling excisions are not currently used in pediatric 
surgical oncology, even in patients with proved malignant 
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sions. Needle biopsy has been suggested as a convenient 
diagnostic approach in cases of [PT of the lung,” but as stated 
- by Lal and Thompson,” the diagnosis of IPT can on:y be 
. considered after different areas of the tumor have undergone 
. meticulous microscopic examination. Therefore, needle biop- 
— sy cannot be considered a reliable diagnostic method. Fur- 
` thermore, frozen sections of sarcomatoid lesions are fraught 
_ with diagnostic difficulty, and definitive diagnosis is deferred 
until after permanent histologic sections have been 
< examined. — 

-.  Tnour ease, the previous left inguinal herniorrhaphy may 
. have stimulated an exaggerated response that could have 
- been considered to be the cause of the IPT. This is no more 
` than speculation; however, in the presence of microabscess 
-~ cavities and stitch granulomata detected in the first laparoto- 
my, the inflammatory nature of the pseudotumor suggests 
that reaction to previous herniorrhaphy seems more than just 
coincidental. 

. Inflammatory pseudotumor lesions usually grow slow- 
- jy"? and do not metastasize or undergo malignant transfor- 
mation. Although some cases of local recurrence have been 
reported, the prognosis is favorable after complete excision. 
Several patients with local recurrence and large lesions were 
successfully treated with radiotherapy.”” Spontaneous reso- 
lution of IPTs of the lung and liver that previously underwent 
biopsies have also been reported." ^^ According to these 
biologie characteristics, a reasonable approach in pediatric 
patients would be complete excision of the tumor if it ean be 
accomplished without mutilation. If a maiming procedure 
would be required, partial excision should be done and/or 
multiple biopsy specimens obtained and future strategy 
based on a definitive histologic diagnosis. 
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invited Commentary 


In this interesting case report, Freud et al point out two 
important aspects of pseudotumors; their intriguing biological 
position on the border of inflammation and neoplasia and the 
importance (and difficulty) of recognizing and identifying 
them. 

Pseudotumors suggest some alteration in normal immune 
response and bear some resemblance to the gastrointestinal 
masses encountered in chronic granulomatous disease (N Enel 
J Med. 1973,288:382-387). The frequent presence of fever, 
anemia, and systemic symptoms would also fit the picture of an 
altered immune response. There seems to be curious predi- 
lection for mesodermal sites." Identification by special mark- 
ers or staining techniques would help to avoid mutilating 
operations in childhood. It is interesting that the patient de- 
scribed herein underwent prior surgery, and stitch granule- 
mas with mieroabscesses were observed, which the authors 
suggest to be “more than just coincidental.” The lesions also 
have a relationship to histiocytic cells and plasma cell granule- 
mas, and Dehner' suggested that there is a morphologie and 
possibly biological continuum from nodular fasciitis, myofibro- 
matosis, and inflammatory myofibroblastic tumor to fibrous 
histiocytoma, The lesion is also proximal to the spectrum of 
nodular mesenteritis. Additional studies of immune function n 
these children seem appropriate. 

Although more common in the thorax of adult patients, IPT 
does occur in the abdomen and also in pediatric patients. 
Frozen section diagnosis is difficult, as is deciding whether so 
perform radical excision. This is because of the lack of clear 
data concerning the potential for recurrence or regression. 
Better understanding of the true nature of IPT would be mest 
helpful, but for the practicing surgeon, an awareness of the 
process has obvious importance. With the current suecess:of 
chemotherapy in soft-tissue tumors in childhood, immediate 
radical excision of a lesion that cannot be identified on frozen 
section or by gross examination should be delayed in mest 
cases pending confirmation of the diagnosis. 


E. IDE SMITH, 
Dallas, Tex 
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. Evidence Against a Role for Human 
. Papillomavirus in Colon Neoplasms 


To the Editor.— Inthe articie by Kirgan 
et al’ in the July 1996 issue of the AR- 
CHIVES, the authors note that human 
papillomavirus (HPV) antigen and 
DNA were present ir a large percent- 
age of colon carcinomss, normal colonic 
mucosa, and benign colon tumors. 
These findings are the opposite of what 
hasbeen described by others in the gen- 
ital traet and colon. Human papilloma- 
virus DNA and HPV antigens are rare- 
ly found in norma! genital tract tissues 
using in situ hybridization or immuno- 
histochemistry.” Further, when the 
antigen is detected, the DNA is invari- 
ably also detected. Using more sensi- 
tive techniques (Southern blot analysis 
and the polymerase chain reaction, 
which can detect as few as 10 viral parti- 
cles.per million cells compared with 10 
viruses per cell with the in situ method), 
several investigators have not been able 
to detect HPV DNA in colon tumors.*? 
When the results from these methods 
are negative, those from the in situ 
method would alse be expected to be 
negative.” Although HPV DNA has 
been detected in adenocarcinomas of 
the eervix and, more recently, the anus, 
itis not found in adenocarcinomas of the 
uterus or colon. 

Having had extensive experience 
with the in situ method, including the 
excellent system used by Kirgan et al, I 
believe that they were seeing nonspecif- 
ie signals, probably from endogenous 
alkaline phosphatase activity, which I 
have noted occasionally in nermal glan- 
dular tissues. I believe that if they ana- 
lyzed the lesions usmg polymerase 
. chain reaction, they would be negative. 
. The epidemiologie and molecular biolog- 
-. jeal data on colon tumors simply do net 
' indicate any role for HPV. 


GERARD NUOVO, MD 
*tony Brook, NY 


1, Kirgan D, Maraio P, Hall M, McGregor B. 
_ Assocation of human papillomavirus and colon neo- 
plasms. Arch Surg. 1990:125:852-865. 

...2. Nuovo GJ. Human papillomavirus DNA in 
“genital tract lesions histologically negative for con- 
i dylomata: analysis by in situ, Southern blot hybrid- 
 izatior and the polymerase chain reaction. Am J 
-Surg Pathol. 1990142943651. 
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4. Ostrow ES, Manias DA, Fong WJ, Zachow 
ER, Faras AJ. A survey of human cancers for hu- 
man papillomavirus DNA by filter hybridization. 
Cancer. 1987;58:429-434. 

5. Koulos J, Symmans F, Chumas J, Nuovo G. 
Human papillomavirus detection in adenocarcino- 
ma of the anus. Mod Pathol. 1991;4:58-61. 


In. Reply. —1t is an honor to have one's 
work noted by others active in the field 
and comforting to see that questions 
thereby raised have been addressed. 

In our study, endogenous peroxidase 
activity was blocked with hydrogen per- 
oxide in methanol, and nonspecific en- 
dogenous antigen/antibody activity was 
countered with a blocking antigoat se- 
rum. Extraneous alkaline phosphatase 
reactions were precluded by choosing 
avidin-biotin complexed with horserad- 
ish peroxidase instead of alkaline phos- 
phatase, and by incubating hybridiza- 
tion slides at temperatures sufficient to 
denature alkaline phosphatase. Most 
importantly, if background antigenicity 
were responsible, it wouid also have 
been seen in the negative controls that 
were concurrently run with each sam- 
ple; they were universally negative. 

Dr Nuovo’s suggestion that polymer- 
ase chain reaction and Seuthern blot 
analysis might more specifically charac- 
terize HPV's presence is correct, and 
we are currently using those techniques 
to clarify which virotype is responsible. 
However, use of such techniques for 
screening is expensive and inefficient 
and would have left unanswered ques- 
tiens regarding viral location within the 
tumors (nucleus? cytoplasm? bowel lu- 
men?) that can only be answered by in- 
situ hybridization. 

More curious is the implied reluc- 
tance to acknowledge the role of HPV 
beyond diseases of squamous epitheli- 
ura. Others have observed HPV DNA in 
the cecum. Nuovo himself has now ap- 
parently found it in an adenocarcinoma 
oftheanus. Every month, data aecumu- 
late identifying HPV in adenomatous 
tissues of the colon,’ uterus,’ prostate,’ 
and esophagus —seemingly wherever it 
is earnestly sought. 

The HPV is clearly associated with 
many glandular tissues and neoplasms, 
and we eagerly anticipate the systemat- 
ic unraveling of the puzzles of that 
association. 


BYRON MCGREGOR, MD 
Reno, Nev 








1. Kirgan D, Manalo P, McGregor B, Association — 
of human papillomavirus with colon neoplasia. Arch a 
Surg. 1990;125:862-865. i 

2. Gordon AN, Bornstein J, Kaufman RH. Hu- H 
man papillomavirus associated with adenocarcino- 
ma and adenosquamous carcinoma of the cervix. 
Gynecol Oncol. 1989;35:345-348. 

3. McNicol PJ, Dodd JG. Detection of human — 
papillomavirus DNA in prostate gland tissue by 
using the polymerase chain reaction amplification: . 
assay. J Clin Microbiol. 1990;28:409-412. 


Antibiotic Prophylaxis 


To the Editor. —The report by Fry and 
Pitcher’ in the November 1990 issue of 
the ARCHIVES emphasizes the impor- 
tance of adequate levels of an antibiotic 
in the serum and operative wound for 
prophylaxis against infection. They 
show the rapid decline in the concentra- 
tion of cephalothin in the wound within 
1 hour of preoperative intravenous 
administration. 

Since the concentration of an antibiot- 
ie plays an important role in its effec- 
tiveness, let me suggest that our stud- 
ies" show that intraoperative antibiotic 
irrigation, repeated at intervals of 3 to 
10 minutes, maintains a concentration 
of cephalothin (1000 mg/L of normal sa- 
line) that is many times the level ob- 
tained with preoperative intravenous 
administration. Furthermore, the level 
is maintained throughout the proce- 
dure, whether it lasts 1 hour or 4 or 
more hours. 


JERE W. LORD, JR, MD 
Bedford, NY 


l. Fry DE, Pitcher DE. Antibiotic pharmacoki- 
netics in surgery. Arch Surg. 1990;125:1490-1492. . 

2. Lord JW Jr, Rossi G, Daliana M. Intraopera- 
tive antibiotic wound lavage: an attempt to elimi- 
nate postoperative infection in arterial and clean 
general surgical procedures. Ann Surg. 1977; 
125:634-638. 

3. Lord JW Jr. Intraoperative antibiotie wound 
irrigation. Surg Gynecol Obstet. 1983;157:351-361.- 


In Reply.—Dr Lord's comments about 
the use of topical antibioties are appro- - 
priate and of considerable interest. As . 
he indicates, topical drugs may achieve — 
phenomenal concentrations that are not — 
achieved with systemic administration. . 
Indeed, replenishment of the environ- 
ment with topical antibioties every 3 to 
10 minutes will likely overcome any de- 
ficiencies that. may arise from unfavor- 
able systemic drug pharmacokinetics. 
While an enormous body of literature 
has demonstrated the effectiveness of 
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predperative: Geeni antibiotics in 
many areas of surgical practice, the 
| same cannot be said for topical antibiot- 
jes. Studies with topical drugs have not 
controlled for the timing of drug admin- 
istration or the frequency of reapplica- 
tion, and many have the confounding 
. variable of synchronous systemic drug 
- administratien. Dr Lord's description of 
frequent and repeated topical adminis- 
-tration should improve wound infection 
© rates. | 
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| “Current Practice of Surgical Stapling, edited 
by Mark M. Raviteh, Felicien M. Steichen, and 

Roger Welter, 324 pp, with illus, $79.50, Philade- 
. phia, Pa, Lea & Pebiger, 1991. 


| InJune1988,the Second Internation- 
al Symposium on Stapling in Surgery 
s held in Luxembourg. Fifty-one pa- 
pers by 132 authors from 14 countries 
were presented. This book is a compila- 
| tion of those papers. 
} Onopening this book, one senses that 
itis a special volume because of a picture 
of Mark and Irene Ravitch. This is occa- 
: sioned by the death of Mark Ravitch, 
one of the book's editors, between the 
- symposium and the book's publieation. 
A tribute to Ravitch by his fellow edi- 
‘tor, collaborator, and friend, Felicien 
Steichen, follows the picture and will be 
appreciated by Ravitch’s many friends 
and admirers. 

It is fitting that the early chapters are 
devoted to a review of the historic as- 
pects of mechanical sutures as re- 

.eounted by Ravitch and Steichen. 

. These chapters are a continuation of 
their classic contributions in this field 

. and make fascinating reading. 

> This eem is well be dre into 10 












p views the use ‘of Ee in surgery of 
the lung and gastrointestinal tract. 
‘Technical considerations, results, and 
complications are considered. 
Eight articles attest to the impact of 
stapling i in lung surgery and are unani- 
. mous in their praise of the use of sta- 





Proving that point, particularly if si- 
multaneous systemic drugs are admin- 
istered, will be nearly impossible. Dr 
Lord’s repeated excellent results with 
low infection rates in vascular surgery 
may well have been in part the result of 
administering topical antibiotics. On 
the other hand, a surgeon who is suffi- 
ciently concerned about infectious mor- 
bidity to the point of applying topical 
drugs every 3 to 10 minutes during 5- to 
6-hour vascular reconstructions is likely 


plers for bronchial closure, division of 
pulmonary parenchyma, and control of 
pulmonary vessels. Many articles ad- 
dress procedures on the esophagus, 
stomach, and colon for benign and ma- 
lignant disease. One is impressed by the 
ingenuity of surgeons as they describe 
almost every conceivable method of 
joining the esophagus to the stomach, 
jejunum, and duodenum, with the inter- 
posed bowel where necessary, with and 
without pouches, and with and without 
antireflux procedures. 

The colorectal section describes a 
spectrum of well-illustrated techniques 
that include double-stapling using the 
CEEA (United States Surgical Corp, 
Norwalk, Conn) and stapled ileoanal 
and hand-sewn coloanal anastomoses. I 
recommend the article by Fazio for its 
complete review of technical options in 
this area and for the outstanding results 
reported. 

Miscellaneous sections discuss the 
safety of stapling in the irradiated bow- 
el, stricture formation after circular 
anastomoses, and new sutureless proce- 
dures for gastrointestinal anastomosis. 

Overall, this is a valuable book for 
general and thoracic surgeons. It pro- 
vides a current assessment of surgical 
stapling, reviews its history, and specu- 
lates about its future. It offers both ad- 
vice to beginners and advanced tech- 
niques for experienced surgeons. The 
articles generally are good, and some 
are outstanding, but the quality varies 
considerably. The variety of technical 


to be very conscientious about all as- - 
pects of surgical technique as well. Or . 
Lords infection rates may have been . 


very low without the use of topical - 
drugs. Only controlled, prospective, — 


and randomized studies will provide the 

answer to this important question. 
DONALD E. Fry, MD 
DAVID PITCHER, MD 
Albuquerque, NM. 


options and approaches in each anatom- 
ie category helps prevent unnecessary 
repetition. 

One might be critical of the fact that 
the papers were presented more than 
2 years before publication, but some of 
the chapters have been updated in the 
interim. Reports also include the use of 
the Roticulator 55 (United States Surgi- 
cal Corp, Norwalk, Conn) and the 
CEEA, two of the newest staplers. 

This book supports the conclusion 
that surgical staplers are here to stay 
and, while they can be used for almost 
all procedures, their greatest utility Hes 
in difficult reconstruction of the bowel, 
bronchopulmonary surgery, and ere- 
ation of autologous organs. | 


Although the articles report good re~. 2 


sults, with low morbidity and compliza- - 
tion rates, even stapler advocates 
would caution that staplers are not a 


panacea or a substitute for sound surgi- ^. . 


eal principles. Staplers must be used 
properly and are not the best choice in 
all situations. Their use requires the 


same competence demanded by manaal — - 
suture techniques to aehieve acceptable p 


results. 
The objective of the editors was to 
present a clear picture of the present- 


day stapling techniques and assessment | - 


of their results by surgeons from around 
the world. They have succeeded. 


CHARLES D. KNIGHT, SR, MD 
Shreveport, La 
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Counting Worcs: Two initials are considered 
one word, each abbreviation is considered 
one word, and figures consisting of a dollar 
-sign and five numerals or less are considered 
one word. Cities and states consisting of two 
j words or more are counted.as one word: ie., 
“New York" and "Salt Lake City." Zip code is 
considered one word and must appear in all 
ads. Telephone number with area code is 
considered one word. Wher box numbers are 
used for replies, the words "Box C/o 
ACS” are to be ccunted as three words. 


Classified Display 1Time 3 Times 
Full page $1,432 $1,245 
Two-thirds page 1,220 1.061 
Ore-half page 1,002 871 
Ore-third page 790 688 
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BC/BE GENERAL SURGEON needed in four sur- 
eon department to replace retiring colleague in 85 
physician malti-specialty group. Freestanding 
Surgery center and 135-bed community hospital. 
-Where the Lakes Begin" in west central Minnesota. 
Send CV and references to: Bunny Iverson. Director 
cf Physician Recruitment, Affiliated Medical Cen- 
ters, 101 Willmar Avenue SW, Willmar, MN 56201. 


Genera SuRGEON | 


| Excellent opportunity for the right iadi- 
| vidual to join solo general. vascular and 
| thoracic surgical practice. 
Í 
| 
i 








Candidate should be BE/BC with post- 
residency vascular or cardiothoracic 
training cr experience. Above average 
benefits, leading to early partnership. 
Modern, 200-bed hospital with wide ref- 
erral area 


Beautiful Ithaca, New York, home of 
Cornell University has been recently 
rated “the best small city in the East”. 


Send CV to: 
Box #912, c/o AOS 


GENERAL SURGEON: BC/BE position for an indi- 
vidual with recent non-cardiac thoracic and vascu- 
lar experience: This is avery active medical/surgical 
hospital affiliated with the University of Virginia 
Medical School. Here is an opportunity for aca- 
demic appointment and participation in medical 
student/resident training in an area with good 
schools. colleges, and recreational facilities. 
Research facilities on station. We offer excellent 
benefits. For more information, write or call: Chiet, 
Surgical Service (112), VA Medical Center, Salem. 
VA 24153. Teiephone: (703) 982-2463, Extension 
25/4. EOE. 


NEW HAMPSHIRE: General surgeon to join two 
ather general surgeons in a well-established, eight- 
member muiti-specialty group. adjacent to new 92- 
bed hospital im beautiful White Mountain region of 
northern New Hampshire. Send CV to: Administra- 
tor, St. Luke Medical Center, PA, 7 Page Hill Road, 
berlin, NH 03570. Telephone: (663) 752-7750. 

GENERAL SURGEON — Three Montana communi- 
ty hospitals and eight practicing family physicians 
are jointly recruiting a BC/BE general surgeon. This 
apportunity is iust a fewmiles from the Bob Marshall 
Wilderness Area and Glacier National Park. Solo 
practice with start up cost assistance or salaried 
position available, Contact: Car! Hanson. Adminis- 
tator of Pondera Medical Center in Conrad, Mon- 
tana, (406) 278-3211. 


BC/BE GENERAL/VASCULAR SURGEON. Thoracic 
experience or desire to train. Multi-specialty group. 
Start 1991 or 1992. Contact David Manke, MD, West 
Side Clinic, SC, Post Office Box 19070, Green Bay. 
WI 54307-9070. 





WANTED: BE/BC general surgeon with interest and 
experience in mon-cardiac thoracic surgery; or tho- 
racic surgeon who enjoys general surgery; to assume 
practice of retiring double boarded thoracic/general 
surgeon. Thirty-six member multi-specialty group 
ie dynamic area hub city of 35,000 with six satellite 
Gifices in strategic locations, and referral area of 
390,000 plus. Superb hospital facilities, including 
CT, MRI. cardiac surgery, neuro-surgery, etc. 
Lürected towards those concerned about quality 
family lifestyle and professional concerns. Contact: 
Recruitment Coordinator, Park Clinic, 890 North 
Eisenhower Avenue, Mason City. IA 50401, or dial 
(800) 798-4321 for more information. 


eo 


pensation package and full partnership opportunity. | 








payments should be directed to: Archives of Surgery, P.O. Box 1510, Clearwater, 
237-9851, 813-443-7666. Please do not send classified ads, payments or related v 
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BC/BE GENERAL SURGEON with vascular expe- 
rence desirable to join a busy five-person single : 
specialty group in midwest metropolitan area. Atij- 
iated with two 300-bed hospitals. Generous com- | 


Send CV to: Administrator, Cape Girardeau Surgi- ` 
cal Clinic, #10 Doctors’ Park, Cape Girardeau, MO | 
63701. | | 


GENERAL/VASCULAR SURGEON: Excellent op-..1 
portunity fora BC/BE vascular surgeon with second 
ary interest in general surgery to join extremely = 
active practice as the second surgeon. Affiliation 
with two teaching hospitals in Long Island. Excel- 
lent compensation and bonus package, progressing 
to partnership. Please send your curriculum vitae to: 
Renato B. Berroya, MD. Long island Surgical Spe- 
cialists, PC, 639 Port Washington Boulevard, Port 
Washington, NY 11050. 


BC/BE GENERAL SURGEON: North Georgia. Busy . 

practice available immediately at twenty-six physi- 
cian multi-specialty partnership. Benefits includ 
vacation, CME time off with budget, malpractice 
insurance, health insurance, retirement plan. Wel 
equipped hospital. 100,000 population referral area. 
17» hour drive northeast of Atlanta. Bordered by 
Blue Ridge and Appalachian Mountain chains and: 
shores of Lake Hartwell. Send CV: Deborah Gibby. 
Recruiting Coordinator, 800 East Doyle Street, 
Toccoa, GA 30577. 


Rural 
Mountain Resort 
Practice 


BC/BE general surgeons to join 
two general surgeons practicing 
in rural Arizona resort communi- 
ty. Beautiful White Mountains 
offer four season recreational 
opportunities, 


_ Practice includes broad spectrum 
of general surgery including criti- 
cal care, trauma care and surgical 
endoscopy. 





Please send CV to: 





William J. Waldo, MD, FACS 
White Mountain 
Surgical Specialists 


2650 East Show Low Lake Road 
Suite 2 
Show Low, AZ 85901 





























Y, AMBULATORY 
SURGERY CENTER 
4. JOINT VENTURES 

| Anesthesiolagists and surgeons can signif- 
| icantly enhance their income while at the 
| same time offering the latest technology to 
| provide cost effective and personalized 


: | Health Ventures, Inc. located in the San 
|| Franciso Bay Area develops Medicare Cer- 
|| tified, state licensed ambulatory surgery 
centers. 
For more information, cai: 
R. Neal Gilbert or 
Randy Grossman, PhD, at. 
(415) 463-8810; FAX (415) 463-3845 
Or write: 
 DivinsiFiED HEALTH VENTURES, INC. 
5776 Storeridge Mall Road, Suite 230 
Pleasanton, CA 94566 










TIRED OF SKYROCKETING malpractice premi- 
ums? Come practice in the beautiful state of indiana 
with: the lowest malpractice rates in the country. 
Join an existing. 30-year-old, three-physician 
general surgery group in a quaint town of 15,000, 
only 45 minutas from Indianapolis. Spectacular 
opportunity; two of the surgeons will retire in less 
than one year. Enjoy an extremely successful prac- 
tice, immediately utilizing well-equipped office facil- 
ity and 6-year-oid, 120-bed hospital. Very competi- 
tive salary plus borus, benefits, relocation expenses, 
and partnership after only one year. Serd CV or call: 


t “Todd Dillan, Jackson and Coker, Inc., 115 Perimeter 


Center Place, Suite 380 10523, Atlanta, GA 30346. 
Telephone: (800) 544-1987. 









neral Surgeons 


opedic Surgeons 
jar Surgeons 


| quality patient care 


sj | Orcal: (800) 541-7946. 


Medical Group 





| services tc their patients. Diversified | 


Partnership E 
of Choice 


Southern California Permanente Medical Group 
(SCPMG) is fone as the nation's largest and most respected physician- 
managed, multi-specialty medical group. Our continued growth has created new 
paa opporunities throughout Southern California for: 


e Pediatric Surgeons 
e Neurosurgeo 
e Head & Neck Surgeons 

a freedom to focus on your outstanding surgical sxills rather than 
e duties. We provide vou the freedom, technology and resources to 


ng , the collaborative support of knowledgeable 
colleagues and the opportunity to make a significant contribution tc your field. 


_ Our compensation and benefits package includes: 
e Guaranteed practice and income e Paid educational and sabbatical leaves 
e Professional liability insurance e Comprehensive retirement plans. 


Send your curriculum vitae to: Irwin P. Goldstein, M.D., Associate Medical 
Director, SCPMG, Dept. 018, Walnut Center, Pasadena, CA 91188-8013. 


f KAISER PERMANENTE 
Southern California Permanente 


Partners Practicing Good Medicine 


GENERAL SURGEON, VASCULAR and laparo- 
scopic desirable, to join well-established surgeon in 
San Francisco at Pacific Presbyterian. Send CV to: 
Leonard Shiain, 2100 Webster, #521, San Francisco, 
CA 94115. 


re Na A AP IT SERE S aa a a n rr re I rni Mr e P i tat LIOR Pa A TM ata a patrata aM a UV ver ora Pan m e e PARARI 


BEAUTIFUL VACATION AREA near Madison, Wis- 
consin seeking a general surgeon to join a multi- 
specialty group composed of eight family practice 
doctors, one general surgeon. Clinic facility on 
campus of well-equipped modern hospital. Excel- 
lent guarantee and benefit package with partnership 
being Offered. Reply: Box 4924, c/o AOS. 


——/ "A MERE a d 


GENERAL SURGEON for outstanding opportunity 
in beautiful Ozar« Lake region in southwestern Mis- 
souri. Enjoy excellent call coverage :n an imme- 
diately busy practice. Progressive, 60-bed hospital 
is.only nine years old. Community has AAA-rated 
schools, a private university, and numerous lakes 
within 15 miles. Located only 25 miles ‘fom Spring- 
field, Missouri. Tremendous financial package 
includes $125,000 net guarantee with no payback, 
plus paid malpractice, benefits, and relocation 
expenses. Please respond quickly. Send CV or call: 
Todd Dillon, Jackson and Coker, inc., 115 Perimeter 
Center Place, Suite 380 10530, Atlanta, GA 30346. 
Telephone: ( (800) 54 544- 1987. 








GENERAL SURGEON: BC/BE to join busy solo 
surgeon in northwest gulf coast Florida town. Send 
CV: Box #925, cro AOS. 


mrenani t d irri hA ASA SAT ar rrr le hon! nr P lai a 





IMMEDIATE OPENING for board-eligible/-certified 
surgeon at progressive VA Medical Center located 
in the north Florida area which offers excellent cli- 
mate year round, extensive outdoor recreational 
activities, lower than average cost of living, fine 
schools and nearby universities, local community 
college, no state income tax, and uncongested 
commuting to and from the medical center. Appli- 
cants should reply to: Chief of Staff, VA Medical 
Center, Lake City, FL 32055-5898. Telephone: (904) 
755-3016, Extension 2011. Equal opportunity 
employer. 
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NORTH PLATTE, 
NEBRASKA 


General surgeon with one-five years experience 
to join two busy general! ara in community 
of 23,000 with patient base of 100,000. Enjoy 
beautiful area lakes, hunting and fishing. Excel- 
lent environment for family. Schoo! system has 
achieved many honors and college provides 
post-secondary and advanced degree pro- 
grams. Complete benefit package includirg 
income guarantee. 


Marcia Norrie 

GREAT PLAINS REGIONAL MEDICAL CENTER 
601 West Leota, North Platte, NE 69103 

(800) 762-7090 
















BC/BE GENERAL SURGEON with vascular fellow- 
ship to join busy New York City practice. Excellent 
salary and benefits with potential for partnership. 
Send CV and references to: Main P.O. Box 58, Pur- 
chase, NY 10577. 





OPPORTUNITY EXISTS at this 204- bed medical 
center for a BC general surgeon. Join the nation's 
largest health care team. Licensure any state. Must. 
meet English proficiency requirement. Competitive 
salary with excellent benefits. Enjoy Grand Island, 
Nebraska, named one of the 50 best towns in Amer- 
ica and three time recipient of the All-American City 
award. Contact or send CV to: Stephen W, Maks, 
MD, Chief of Staff, VA Medical Center, 2201 North 
Broadwell, Grand Isiand, NE 68803. (308) 382-3660, 
Extension 2106. Equal opportunity employer. 


GENERAL SURGEON 


BC/BE general surgeon with thoracic ond/er 
vascular interests to join busy, well-established 
four-person surgical group. Well-rounded 
medical community has service area of 100,000. 
The city offers a variety of educational and 
cultural opportunities due to the presence of 
Cornell University, and recreational activities ane 
abundant. Please send CV to: 


Surgical Associates of Ithaca, P.C. 


1301 Trumansburg Road 
Ithaca, New York 14850 


NORTHEAST NEW YORK — Vascular Surgeon: 
Excellent independent practice opportunity fer a 
BC/BE fellowship trained vascular surgeon. CVPH 
Medical Center, a 420-bed regional referral hospital, oas. 
offers a generous incentive package. One in three 1 
coverage schedule. Plattsburgh offers an ideal fame fo 
ily environment and is located at the edge of Lake 
Champlain, within one hour of the Olympic-Lake 





Placid region and Montreal. For more details or to} 00 
view a video of the hospital and community, contact: 1.7. 
Hannah Hanford, Box 1656, Plattsburgh, NY 12901. |. — 
(518) 643-2998. 





















LOCUM TENENS GENERAL SURGEONS — beta id 
carefully screened, credentialed, insured colleague 1 
from the CompHealth locum tenens medical staff 1 
cover your practice the next time you have te be 
away, or while you recruit a new associate. Comp- 
Health locum tenens — the physician you need. just 
when you need one! Call today: (800) 453-303C. 


AMERICAN MEDICAL SOFTWARE's Medical | 
Office Management, Office Billing, Electrenic | 
Claims, Bar Coding, and Medical Records Systems | 
feature easy installation-operation, advanced capa- 1 
bilities, and toll free support. For information, call. f 
(800) 423-8836. 1 


PLEASE NOTE — Address repliesto box number ^ 
ads as follows: Box number... c/o ACS, 
P.O. Box 1510, Jean Veer FL 34617. 
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at 
Stanford University School of Medicine 
is seeking applicants 
for several | 
junior faculty tenure track positions. 


Openings exist for individuals with 
special training in surgical oncology, 
gastrointestinal surgery, 
vascular surgery, transplantation 
and pediatric surgery. 


Applicants should have demonstrated 
laboratory trainiag and 
research experiance. Stanford 
University is committed to increasing 
representation of wcmer and members 
of minority groups on its faculty 
and particularly encourages applications 
for such cendicates. 
nterested applicants should write to the 


Chairman, Department of Surgery 
MSOB Room X-228 


STANFORD 
UNIVERSITY 


SCHOOL OF MEDICINE 
Stanford, California 94305 
































AT STANFORD UNIVERSITY 
SCHOOL OF MEDICINE 


į qualifications. 


, in a related field. 


, MSOB Room X-228 

! STANFORD UNIVERSITY 
SCHOOL OF MEDICINE 

_ STANFORD, CALIFORNIA 94305 


THE DEPARTMENT OF SURGERY | 


is conducting a search for an expe- | 
rienced academic leader in organ | 
. transplantation to head the Divisien of | 
| Transplantation. Candidates should be | 
| experienced in renal transplantation | 
] and liver transplantation and should be | 
actively engaged in transplant related | 
| research. The level of appointment will | 
| be at the associate professor or | 
| professor rank based on the candidate's | 


The Department and Transplant | 
|! Divisicn also seek applications for two | 
ojog | junior faculty - Assistant or Associate | 

MI Professor rank. Candidates for these | 
¿| Ml positions should have completed | 

ij fellowship training in non-cardiac | 
| organ transplantation and have demon- | 
strated laboratory research experience | 


| Stanford University is committed to | 
dl [increasing representation of women | 
| l| and members of minority groups cn its | 
EM E faculty and particular'y encourages | 
<f E| applications from such candidates. 


i Interested applicants should write to | 
|| the Chairman, Department of Surgery, | 
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The NEAR " in at 


| Stanford University School of Medi- | @ 
| cine is conducting a search for an | § 
experienced academic leader in | K 
pediatric surgery to heac the Division | 


of Pediatric Surgery. 


Candidates should be experienced : 


academic surgeons with an appro- 
priate record of clinical and labora- 


tory investigation. Tae level of | ; 
appointment will be at he Associate | B 
Professor or Professor rank based on | & 


the candicate's qualificat.ons. 


Stanford University is committed to | & 
| increasing representation of women | § 


| and members of minority groups on 
| its faculty and particularly encourages 
| applications for such candidates. 


Interested applicants should write | E 


| to the Chairman, Department of 
| surgery, MSOB Room X-228 







| Stanford, California 94305 


Stanford University 
School of Medicine 


Stanford, California 94305 


| The Department of 
_ Surgery at 

Stanford University 
School of Medicine 


| is conducting a search for an 
| experienced academic leader in 
| vascular surgery to head the 
| Division of Vascular Surgery. 


| Candidates should be experienced 
| academic surgeons with an appro- 
| priate record of c inical and 
| laboratory investigation. The level 
. of appcintment wil be at the 
| Associate Professor or Professor 
| rank based on the candidate's 
| qualifications. Stanford University 
| is committed to increasing repre- 
. sentation of women and members 
| of minority groups oa its faculty 
| and particularly encourages 
| applica-tions for such candidates. 

| Interested applicants should write 


. to the Chairman, Department of 
| Surgery, MSOB Room X-228 


Stanford 
University | 
School of Medicine 





















The Department of Surgery 
at Stanford University 
School of Medicine 
is conducting a search for an 
experienced academic leader in 
Gastrointestinal Surgery to head 
the Division of GI Surgery. 


Candidates should be 
experienced academic surgeons 
with an appropriate record of 
clinical and laboratory research. 
The level of appointment will be 
at the Associate Professor or 
Professor rank based on the 
candidate's qualifications. 


Stanford University is committed 
to increasing representation of 
3 women and members of : 
€ minority groups on its faculty and & 
particularly encourages | 
applications for such candidates. 
Interested applicants should 
write to the Chairman, 
Department of Surgery 
MSOB Room X-228 


STANFORD UNIVERSITY 
SCHOOL OF MEDICINE 
Stanford, California 94305 








DIRECTOR, SURGICAL RESIDENCY: Huntington 
Memorial Hospital, a 550-bed tertiary care hospital 
and trauma center, located in Pasadena and affil- 
iated with the University of Southern California, is 
looking for a replacement for our retiring Surgical 
Education Program Director. The 12 resident pro- 
gram recently was reviewed and received full appro- 
val. The position is full-time with the opportunity for 
private practice. We have a high level staff with 
excellent support for the training programs. A new 
facility, including surgical suites, recovery and 
SICU beds has just opened. The applicant must be 
board-certified in surgery and eligible for licensure 
in California. Applicant should have proven leader- 
ship ability and evidence of teaching and research 
accomplishments. The individual must be eligible |. 
for an academic appointment at the University of | 
Southern California. Send a letter and curriculum 
vitae to: William N. Lattin, MD, Vice President, 
Health Care Services and Director, Medical Educa- 
tion, Huntington Memorial Hospital, 100 West Cali- 
fornia Boulevard, P.O. Box 7013, Pasadena, CA 
91109. The Huntington Memorial Hospital is an 
equal opportunity employer, 





















Reach 37,844 
Surgeons 


For advertising 
rates and information 






call Donna Hacker: 


(800) 237-9851 
(813) 443-7666 
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due to indicated organisms 


For intravenous ar intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 

TEPEN CEFOTAN® (cefotetar disodium) is indicated for the therapeutic treatment of the 
infections when caused by susce ep ble strains of the it eg organisms: 

er] infections caused by £ coli, Klebsiella species (including K pneumoniae), Proteus 

mirabilis and Pictess sp (which 19 include the organisms now called Proteus vulgaris, Providencia 


treptococcus pneumoniae (formerly D pneumoniae), 
' aus penicillinase- and nonpenicillinase-producing strains), Haemopflus influenzae 
including ampcillin- „resistant strains), Klebsíelia species (including moniae), and È coll. 
and skin structure 


infections caused by Sf. cus aureus (penicillinase- and ronpenicil- 

linase-produciny strains), Staphylococcus epidermidis, pyogenes and Streptococcus 
species (excluding enterococci), and E coii. 

infections caus by Staphylococcus aureus* (including penicillinase- and ronpenicil- 


linase-producing strains), Staphylococcus epidermidis, Streptococcus species (excluding entero- 
cocci), E cali, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
8 ovatus, B sie reir Fusobacterium species; and gram-positive anaerobic cocci (including 
Peplococcus an aad Feptostreptococcus species"). 

abdominal infections caused by £ coli, Kebsiella species (including K pneumoniae"), Strepto- 
us species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicrom. 
Bone and joint infections caused by Staphylococcus aureus." 
*Etficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefotetan. Mice may be instituted 
before results of susceptibility studies are known; however, once these results me availabls, the 
antibiotic treatert should be adjusted accordingly. 

in cases of confirmed or suspected gram-pcsitive or gram-negative sepsis or in patierts with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside, Cefotetan combinations with lili pom have been shown 
to be synergistic d vitra against many Enterobacteriaceae and also some ot p belii sci bacteria. 
The dosage recom in the labeling of both antibiotics may be given and depends on the severity 
of the ord nidi the patient's condition. 

NOTE: if CEFCTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, espacally if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, Mc of the: tila nephrotoxicity and ototoxicity of aminoglycosidic artibiotics. 
Although, to dete. nephrotoxicity has not been noted when CEFOTAN was given alone, it is possibile that 
peona pi: in / "ey be potentiated if CEFÜTAN is used concomitantly with an aminoglyceside 

i è preoperative administration of CEFOTAN may reduce the incidence of certain 

postoperative iertions i in patients undergoing surgical procedures that are classified as clean con- 
eng ar aotentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- 
urethral surgery, Bilary tract sur iointestinal surgery). — 

The prophysactio dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In pa- 
bans = een section, CEFOTAN S should be administered intravenously after the clamping 

e um ce 

if there are signs and symptoms of infection, specimens for culture should be obtained for identifica- 
tion of the causative organism sc that appropiate therapeutic measures may be initiated. 
CONTRAINDICATIONS 


CEFOTAN E contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 






Before "with CEFOTAN is instituted, careful i oM e d D M OOA 

ner order da n oni be ph STI silere PR 
er ven pen 

Antibiotics should bs ministered with caufien to any has demonstrated some form of 

allergy, if an allergic reaction to cece, Hascouars ths en: 





with: neces eat antibiotics may alter normal flora of the colon and may permit over- 
m difficile is one primary cause of 


"ieatent 
growth of closiricla. Studies indicate a toxin produced by Clostridiu, 
antibiotic -assuciated colitis aiast pic and colestipol resins have been shown to bind the toxin in vitro. 
_ Mild oper aitis may respond to drug ciscontinuance alone. Moderate to severe cases should be 


fy fiuld, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
bite ansotated aseudomembranous colitis produced by C difficile. Other causes should aso be considered. 


GENERAL: Ax with other broad-spectrum antibiotics, prolonged use of CEFOTAN m result ir: over- 
growth of nonsusceptibie organisms. Careful observation of the SR is essential. tf superinfection 
does occur d therapy, appropriate measures should be taken. 

in common with many other broad-spectrum antibiotics, CEFOTAN m be associate: with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment or poor nutri- 
tional state, the elderly and patients with cancer. Prothrombin times should be monitored in patients at 

sk and exogenous vitamin K administered as indicated. 
SCEFOTAN shoud be used with caution in individuals with a history of gastrointestinal disease, par- 


ticularly colitis. 

INFORMATICK Fan dedi As with some other cephai ins, a disulfiram-like reaction 
rsherwidern flushing, , headache, and tachycardia may occur when alcohol (beer, wine, 
etc.) is ingested within san er CEFOTAN administration. Patients should be cautioned about the 
ingestion of alcoaolic beverages following the administration of CEFOTAN. 

DRUG INTERACTIONS: Aithough to date nephrotoxicity has not been noted when CEFOTAN was given 
aminog iti is alg that nephrotoxicity may be potentiated if CEFCTAN is used concomitantly with an 








l i ST INTERACTIONS: A false positive reaction for glucose in urire may occur 
with aon o e pis. 5 solution. 
As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
creat and. urine creatinine levels by Jaffe reaction and produce false increases in the levels of 


OGEN SIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic pocential of 
cefotetan was found in standard laboratory tasts. 





ae ‘gate s adverse effects on the testes of prepubertal rats. Subcutaneous administration of 








(approximately £-16 times the usual adult human dose) on days 6-35 of life (thought to be 








cefotetan disodium! 


in intra-abdominal and gynecologic infection 





IM/IV 





CEFOTAN® (cefotetan disodium) 


developmentally analogous to late childhood and pcd in humans) resulted in reduced testicular 
weight ard seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatacytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 c 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable e with other methyltiotetrazoie- 
containing antibiotics and impaired fertility has been reported, particu! 000 mgl at high dose levels, No 





testicular effacts were observed in 7-week-old rats treated with up to 1 bed dud SC for 3 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks, The relevanceof these 
findings *0 mane E unknown. 

USAGE IN PREGN 


Sid Ain e ved Category B: Reproduction studies have been performed in rats 
and monkeys at ue up to 20 times the human dose and have revealed no evidence of impaired ferti- 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug sheuld be used euio NC pregnancy only if clearly needed. 
USAGE IN NURSING MOTH otetan is excreted in human milk in very low concentratiens. Cau- 
tion should be exercised when cefotetan is administered to a nursing woman. 
PEDIATRIC BSE: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 
in clinical studies, the following adverse effects were considered related to CEFÜTAN therapy 
nal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (Ein 80) and 
nausea (1 in 700). 
le laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
Hodie! direct Coombs test (1 in 250), and thrombocytosis (1 in 300. 
patic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 15D), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 
na wity reactions were reported in 1.296 of patients and included rash (1 in 150) ard itching 
i m 700). 


effects were reported in less than 1.096 of patients and included phiebitis at the site of in S 
(1 in 300), and discomfort (1 in 500). During postmarketing experience with CEFOTAN, anaphylacti 
reactions and transient thrombocytopenia have been reported. 
DOSAGE AND ADMINISTRATION 
TREATMENT: The usual adult dosage is 1 or 2 grams o! CEFOTAN administered intravenousiy or irira- 
muscularly avery 12 hours for 5 to 10 days. Proper dosage and route of administration shouid be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of infection Daily Dose Frequency and Rorte 
Urinary Fact 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 q every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours iV 
Life-Threatening 6* grams 3 g every 12 hours IV 


*Maxirrumedaily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFÜTAN administered once, detineri? 
30 to 60 minutes prior to surgery. in patients undergoing cesarean section, the dose shoulé be admin- 
istered as soon as the umbilica! cord is clamped. 


IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 
DOSAGE GUIDELINES FOR PATIENTS 
Creatinine Ci WITH IMPAIRED RENAL FUNCTION 
mL/min Dose Frequency 

> 30 Usual Recommended Dosage” Every 12 hours 

10-30 Usual Recommended Dosage" Every 24 hours 

«10 Usual Recommended Dosage" Every 48 hours — 


*Dose determined pi the type and severity of infection, and susceptibility of the causative organism. 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose seduced to 
one-haif the usual recommended dose for patients with a creatinine clearance of 10-30 mL?min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of jess than 10 m/min. 
Whea orly serum creatinine levels are available, creatinine clearance may be calculated ‘rom the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140-- age) 


Males: ee 
72 x serum creatinine (mg/190 mL} 


Females: 


Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days betweer: dialysis 
and one-half the usual recommended dose on the day of dialysis, 

HOW SUPPLIED 

CEFOTAN is a dry, white to pale yellow powcer supplied in viais containing cefotetan disodium d 
alent to 1 3 and 2 g cefotetan activity for intravenous and intramuscular administration, The 1 im 
available ia 10 mL and 100 mi. vials, and the 2 g dose is available in 20.mL and 100 mL vials. CEFOTAN 

is also available in a pharmacy bulk package of 10 g in 100 mi. vials. The viais should not be stored at 
temperatures above 22°C and should be protected from light. 

‘9 in Oni mi, vial (NDC ee 2 gin 20 ml viai ge 0038-0377-20); 1 g in 10C mL viai 
(N 0031037515) 2 gin 100 mL vial (NDC 0038-0377-21); 10 g in 100 mL vial (NDC 0088-0375-10). 


09 x value for males 


Manutactured for 


STUART PHARMACEUTICALS 
A business unit of (Cl Americas Inc 


Wilmington, Delaware 19897 USA Rev. | 11/88 








Cefotan 
arithmetic. 


more cost-effective 
than cefoxitin"? 





less frequent dosing 
than cefoxitin^^ 


several times the half-life 
of cefoxitin”: 


single-dose prophylaxis/ 
twice-daily treatment 





Count on 


CEFOTAN... 


(cefotetan disodium| 


In intra-abdominal and gynecologic infection 
due to indicated organisms 





References: 1. Nightingale CH, Smith KS, Quintiliani R, et al: The conversiorvof cefoxitin usage 
to cefotetan- An interdisciplinary approach. Am J Surg 1988;155(5A):101-102. 2. Sochalski A, 
Sullman S, Andriole VT: Cost-effectiveness study of cefotetan versus cefoxitin and cefotetan 
versus combination antibiotic regimens. Am J Surg 1988;155(5A):96-101. 3. CEFOTAN® 
(cefotetan disodium) full prescribing information issued March 1986. 4. Physicians’ Desk 
Reference, ec 43. Oradell, NJ, Medical Economics Co, 1989. Mefoxin® (cefoxitin sodium, MSD), 
pp 1355-1357. 5. Carver M, Quintiliani R, Nightingale CH: Comparative pharmacokinetic 
study of cefotetan and cefoxitin in healthy volunteers. Infect Surg, April 1986(supp), 

pp 11-14. 6. Quintiliani R, Nightingale CH, Stevens RC, et al: Comparative pharmacokinetics 
of cefotetan and cefoxitin in patients undergoing hysterectomies and colorectal operations. 
Am J Surg 1988;155(5A):67-70 


Please see adjacent page for brief summary of prescribing information. € 1989 ICI Americas Inc. 
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Who Is Responsible for Progress? 
J. F. Burke 


Barrier Efficiency of Surgical Gowns: Are We Really Protected 
From Our Patients’ Pathogens? _ 
J. W. Smith, R. L. Nichols 


A Pilot Study of Sphincter-Sparing Management 
of Adenocarcinoma of the Rectum 


G. Steele, Jr, P. Busse, M. S. Huberman, J. M. LeClair, Z. M. Falchuk, 
R. J. Mayer, A. Bothe, Jr, T. S. Ravikumar, M. Stone, J. M. Jessup 


Primary Resection and Anastomosis in Obstructed | 
Descending Colon due to Cancer s eo 
S. G. Tan, R. Nambiar, A. Rauff, S. S. Ngoi, H. S. Goh e um | : 


Liver Viability After Ischemia-Reperfusion 
A. A. Rodriguez, W. W. LaMorte, L. M. Hanrahan, S. R. Hopkins, 
J. C. O'Keane, R. Cachecho, E. F. Hirsch 


Volume 126, Number 6 
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Onc for prophyl xis. 
Once daily for cure. 





The prophylactic dose of ROCEPHIN is also the daily therapeutic dose. 
ROCEPHIN, 1 gm given once prior to surgery* in adults, provides 
effective prophylaxis against infection and is on board throughout the 
perioperative period — even if surgery is delayed or prolonged. 


And ROCEPHIN, 1 to 2 gm given once a day in adults, is the usual 
therapeutic dosage for the following common postsurgical infections: 
lower respiratory tract or skin/skin structure infections due to Staphy/lo- 
coccus aureus, Klebsiella pneumoniae and Proteus mirabilis; urinary 
tract infections due to Escherichia coli, K. pneumoniae and P mirabilis. 


Efficacy, economy, ease and generally well tolerated. ROCEPHIN: 1 gm 
once for prophylaxis, once daily for cure. 





Once-a-day 


Rocephnmn.., 


ceftriaxone — Hoche 





Usual adult daily dosage: 1 to 2 gm once a day 


As with any cephalosporin, there exists the possibility of hypersensitivity reactions, 
especially in individuals with a history of sensitivity. 


€ 1991 by Hoffmann-La Roche Inc. * In contarninated or potentially contaminated Please see adjacent page for summary of product 
Ali rights reserved procedures (e.g., vaginal or abdominal information, which includes a list of adverse reactions. 
hysterectomy), and for patients in whom 
infection at the operative site would present 
serious risk (e.g., coronary artery bypass 
graft [CABG] surgery. 


vr 
he 
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— ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 


 ROCEPHIN* (ceftriaxone sodium/Roche) 


Before prescribing, please consult complete product information, a summary of which follows: 


INDICATIONS AND USAGE: Rocephin is indicated for the treatment of the following infections when 
caused by susceptible organisms: 


LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Streptococcus spe- 
cies (excluding enterococci), Staph. aureus, H. influenzae, H. parainfluenzae, Klebsiella species 
(including K. pneumoniae), E. coli, E. aerogenes, Proteus mirabilis and Serratia marcescens. 


SKIN AND SKINSTRUCTURE INFECTIONS caused by Staph. aureus, Staph. epiderm dis, Strep- 
tococcus species (excluding enterococci), E. cloacae, Klebsiella species (including E. pneumo- 
niae), Proteus mirabilis and Pseudomonas aeruginosa. 


URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E. coli, Proteus mir- 
abilis, Proteus vulgaris, M. morganii and Klebsiella species (including K. pneumonias). 


UNCOMPLICATED GONORRHEA (cervicallurethral and rectal) caused by Neisseria gonor- 
rhoeae, including both penicillinase and nonpenicillinase producing strains, and pharyngeal gon- 
orrhea caused by nonpenicillinase producing strains of Neisseria gonorrhoeae. 


PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 


BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae, E. coli, H. influenzae and 
K. pneumoniae. 


BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Streotococcus 
species (excluding enterococci), E. coli, P. mrabilis, K. pneumoniae and Enterobacter species. 


INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 


MENINGITIS caused by H. influenzae, N. meningitidis and Strep. pneumoniae. Ceftr axone has 
also been used successfully in a limited number of cases of meningitis and shunt infections 
caused by Stapn. epidermidis and E. coli. 


SURGICAL PROPHYLAXIS: Preoperative administration of a single 1 gm dose may reduce inci- 
dence of postoperative infections in patients undergoing surgical procedures classified as con- 
taminated or potentially contaminated (e.g., vaginal or abdominal hysterectomy) and n those for 
whom infection at the operative site presents serious risk (e.g., 
during coronary artery bypass surgery). 


Although ceftriaxone has been shown to have been as effective 
as cefazolin in the prevention of infection following coronary artery 
bypass surgery. no placebo-controlled trials have been conduct- 
ed to evaluate any cephalosporin antibiotic in the prevention of 
infection following coronary artery bypass surgery. When admin- 
istered before indicated surgical procedures, a single 1 gm dose 
provides protection from most infections due to susceptible orga- 
nisms for duration cf procedure. 


SUSCEPTIBILITY TESTING: Before instituting treatment with 
Rocephin, apprapriate specimens should be obtained for isola- 
tion of the causativeorganism and for determiration of its suscep- 
tibility to the drug. Therapy may be instituted prior to obtaining 
results of susceotibility testing. 


CONTRAINDICATIONS: Rocephin is contraindiceted in patients with 
known allergy tc the cephalosporin class of antibiotics. 


WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, C 
CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE WHETH- 
ER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY RE- 
ACTIONS TO CEPHALOSPORINS, PENICILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBICTICS SHOULD BE 


DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY 
TO DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS 
MAY REQUIRE THE USE OF SUBCUTANEOUS EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 


colitis, reported with nearly all antibacterial agents, including ceftriaxone, may 
in severity trom mild to life-threatening. Therefore, consider this diagnosis in patients who present 
diarrhea subsequent to administration of antibacterial agents. 


Treatment with antibacterial agents alters normal flora of the colon and may permit overgrowth 
of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
"antibiotic-associated colitis." 


After establishing diagnosis of pseudomembranous colitis, initiate therapeutic measures. Mild 
cases of branous colitis usually respond to drug discontinuation alone. Im moderate 
to severe cases. consider management with fluids and electrolytes, protein supplementation and 
treatment with &n oral antibacterial drug effective against C. difficile. 


PRECAUTIONS: GENERAL: Although transient elevations of BUN and serum creatinine have been 
observed, at the recommended dosages, the nephrotoxic potential of Rocephin is similar to that 
of other cephalcsporins. 


Ceftriaxone is excreted via both biliary and renal excretion (see Clinical Pharmacology). There- 
fore, patients with renal failure normally require no adjustment in dosage when usual doses of 
Rocephin are administered, but concentrations of drug in the serum should be monitored period- 
ically. If evidence of accumulation exists, dosage should be decreased accordingly. 


Dosage adjustments should not be necessarv in patients with hepatic dysfunction; however, in 
patients with botn hepatic dysfunction and significant renal disease, Rocephin dosage should not 
exceed 2 gm daily without close monitoring o* serum concentrations. 


Alterations in prothrombin times have occurred rarely in patients treated with Roceph n. Patients 
with impaired vitamin K synthesis or iow vitamin K stores (e.g., chronic hepatic disease and mal- 
nutrition) may require monitoring of prothrombin time during Rocephin treatment. Vitamin K ad- 
ministration (10. mg weekly) may be necessary if the prothrombin time is prolonged before or 
during therapy. 


Prolonged use af Rocephin may result in overgrowth of nonsusceptible organisms. Careful obser- 
vation of the patient is essential. If superinfection occurs during therapy, appropriate measures 
should be taken. 


Rocephin should be prescribed with caution in individuals with a history of gastrointsstina dis- 
ease, especially coiitis. 

Rare cases reported of sonographic abnormalities seen in the gallbladder; patients may also nave 
symptoms of gallbladder disease. These abnormalities, variously described as sludge, pre- 
cipitations, echoes with shadows, may be misinterpreted as concretions. Chemical nature of son- 
ographically-detected material not determined. Condition appears to be transient anc reversible 
upon discontinuation of Rocephin and conservative management. Therefore, d scontinue 
Rocephin if signs and symptoms suggestive of gallbladder disease and/or the sonographic find- 
ings described above develop. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: Considering 
the maximum duration of treatment and the class of the compound, carcinogenicity studies with 
ceftriaxone in animals have not been performed. The maximum duration of animal toxicity studies 
was six months. 

Mutagenesis: Genetic toxicology tests included the Ames test, a micronucleus test ard a test for 
chromosomal aberrations in human lymphocytes cultured in vitro with ceftriaxone. Ceftriaxone 
showed no potential for mutagenic activity in :hese studies. 


. Impairment of Fertility: Ceftriaxone produced no impairment of fertility when given intravenously to 


rats at daily doses up to 586 mg/kg/day, approximately 20 times the recommended clinical dose 
of 2 gm/day. 


PREGNANCY: Teratogenic Effects: Pregnancy Category B. Reproductive studies have been per- 


4 x formed in mice and rats at doses up to 20 times the usual human dose and have no evidence of 
— embryotoxicity, letotoxicity or teratogenicity. In primates, no embryotoxicity or teratogenicity was 


demonstrated at a dose approximately three times the human dose. 


There are, however, no adequate and well-controlled studies in pregnant women. Because animal 
reproductive studies are not always predictive of human response. this drug should be used dur- 


_ ing pregnancy only if clearly needed. 
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ROCEPHIN* (ceftriaxone sodium/Roche) 


Nonteratogenic Effects: in rats, in the Segment | [fertility and general reproduction) and Segment Hl 
(perinatal and postnatal) studies with intravenously administered ceftriaxone. no adverse effectewere 
noted on various reproductive parameters during gestation and lactation, including postnatal 
growth, functional behavior and reproductive ability of the offspring, at doses of 586 mg/kg/day o! less. 


NURSING MOTHERS: Low concentrations of ceftriaxone are excreted in human milk. Caution 
should be exercised when Rocephin is administered to a nursing woman. 


PEDIATRIC USE: Safety and effectiveness of Rocephin in neonates, infants and children nave 
been establ shed for the dosages described in the Dosage and Administration section. /r vitro 
studies have shown ceftriaxone, like some other cephalosporins, can displace bilirubin from ser- 
um albumin Rocephin should not be administered to hyperbilirubinemic neonates, especially 
prematures. 

ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical trials, the following adverse 
reactions, which were considered to be related to Rocephin therapy ar of uncertain etiology, were 
observed: 

LOCAL REACTIONS — pain, induration or tenderness at the site of injection (196). Less frequently 
reported (less than 196) was phlebitis after |.V. administration. 


HYPERSENSITIVITY — rash (1.796). Less frequently reported (less than 1%) were pruritus, ‘ever 
or chills. 


HEMATOLCGIC — eosinophilia (6%), thrombocytosis (5.1%) and leukopenia (2.1%). Less fre- 
quently reported (less than 1%) were anemia, neutropenia, lymphopenia, thrombocytopenia and 
prolongation of the prothrombin time. 


GASTROINTESTINAL — diarrhea (2.796). Less frequently reported (less than 196) were nausea 
or vomiting, and dysgeusia. Onset of pseudomembranous colitis symptoms may occur during or 
after antibiotic treatment (see WARNINGS). 


HEPATIC — elevations of SGOT (3.196) or SGPT (3.396). Less frequently reported (less thar 196) 
were elevations of alkaline phosphatase and bilirubin. 


RENAL — elevations of the BUN (1.296). Less frequently reported (less than 1%) were elevations of 
creatinine and the presence of casts in the urine. 


CENTRAL NERVOUS SYSTEM —headache or dizziness were re- 
ported occasionally (less than 196). 


GENITOURINARY — moniliasis or vaginitis were reported occa- 
sionally (less than 1%). 


MISCELLANEOUS — diaphoresis and flushing were reported oc- 
casionally (less than 196). 


Other rarely observed adverse reactions (less than 0.1%) include 
leukocytosis, lymphocytosis, monocytosis, basophilia, a decrease 
inthe prothrombin time, jaundice, gallbladder sludge, glycosuria, 
hematuria, anaphylaxis, bronchospasm, serum sickness, abdom- 
inal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis. 


DOSAGE AND ADMINISTRATION: Rocepnin may be administered in- 
travenously or intramuscularly. The usual-adult daily dose is 1 to 
2 gm given once a day (or in equally divided doses twice a 
day) depending on the type and severity of the infection. The total 
daily dose should not exceed 4 grams. 


For the treatment of serious miscellaneous infections in children, 
other than meningitis, the recommended total daily dose is 50 to 
75 mg/kg (not to exceed 2 grams), given in divided doses avery 
12 hours. 
Generally, Rocephin therapy should be continued for at least two 
days after the signs and symptoms of infection have disappeared. 
The usual duration is 4 to 14 days; in complicated infections ong- 
er therapy may be required. 

Inthe treatment of meningitis, a daily cose of 100 mg/kg (not to ex- 
ceed 4 grams), given in divided doses every 12 hours, should be administered with or without à 
loading dose of 75 mg/kg. 

For the treatment of uncomplicated gonococca infections, a single intramuscular dose of 250 mg 
is recommended. 

For preoperative use (surgical prophylaxis), a single dose of 1 gm administered 1/2 to 2 hours be- 
fore surgery is recommended. 
When treating infections caused by Streptococcus pyogenes, therapy should be continuedifor at 
least ten days. 

No dosage adjustment is necessary for patients with impairment of renal or hepatic functionzhow- 
ever, blood levels should be monitored in patients with severe renal impairment (e.g.. dialysis 
patients) and in patients with both renal and hepatic dysfunctions. 

HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as e sterile crystalline powder in 
glass vials and piggyback bottles. The following packages are available: 

Vials containing 250 mg, 500 mg, 1 gm or 2 gm equivalent of ceftriaxone; piggyback bottles con- 
taining 1 gmor 2 gm equivalent of ceftriaxone; bulk pharmacy containers containing 10 gm equiv- 
alent of ceftriaxone (NOT FOR DIRECT ADMINISTRATION). 
Also supplied as a sterile crystalline powder as follows: 
ADD-Vantage Vials** containing 1 gm or 2 gm equivalent of ceftriaxone. 
Also supplied premixed as a frozen iso-osmotic, sterile, nonpyrogenic solution of ceftriaxone so- 
dium in 50 mL single dose plastic containers,' as follows: 

1 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.9 gm dextrose hydrous. USP 
added. 
2 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.2 gm dextrose hydrous. USP 
added. 

NOTE: Rocephin in the frozen state should not be stored above -20°C. 

“Registered trademark of Abbott Laboratories, Inc. 

'Manufactured for Roche Laboratories, a division of Hoffmann-La Roche Inc., by Travenol Labo- 
ratories, Inc., Deerfield, Illinois 60015. i 
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Donor Limb Vascular Events Following 
Femoro-Femoral Bypass Surgery 
A Veterans Affairs Cooperative Study, Boston, Mass 


e Most donor limb symptoms of claudication were masked arterial insufficiency 
present in the limb and became apparent as the recipient limb improved. 
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Patterns of Venous Insufficiency in Patients 687 


With Varicose Veins 

Lawrence M. Hanrahan, MD; Gregory J. Kechejian, MD; 
Paul R. Cord:s, MD; Agustin A. Rodriguez, MD; 
Clifford A. Araki, PhD; Wayne W. LaMorte, MD, PhD; 
James O. Menzoian, MD, Boston, Mass 


@ The pathologic appearance of varicose veins is heterogeneous; surgical therapy 
should be directed at the specific pattern of incompetence. 
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An Extensive Experience With Postoperative Pain Relief 


Using Postoperative Fentanyl Infusion 

Bruce B. Chien, MD; Richard G. Burke, MD; 

Dana J. Hunter, RPh, Bangor, Me AIT. 

@ This technicue of postoperative pain control is safe and provides exceliéophesutl iL 3r 











A Pilot Study of Sphincter-Sparing Management 


of Adenocarcinoma of the Rectum 
Glenn Steele, Jr, MD, PhD; Paul Busse, MD, PhD; 
Mark S. Huberman, MD; Jean M. LeClair, RN; 
Z. Myron Falchuk, MD; Robert J. Mayer, MD; 
Albert Bothe. Jr, MD, Boston, Mass; 
Thanjavur S. Ravikumar, MD, New Haven, Conn; 
Michael Stone, MD; J. Milburn Jessup, MD, Boston, Mass 
e Resection of distal rectal adenocarcinoma with sphincter presentation, and adjuvant 
therapy when appropriate, achieved local and distal control equal to abdominoperineal 
resection. 
Invited Commentary: L. Peter Fielding, MB, FRCS, Waterbury, Conn 

Continued on page 667. 
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tin vitro activity against indicated aercbes and anaerobes 


MEFOXIN is contraindicated in patients who have shown hypersensi- 
tivity to cefoxitin and the cephalosporin group of antibiotics. 
MEFOXIN is not active in vitro against most strains of Pseudomonas 
aeruginosa and erterococci (e.g., Streptococcus faecalis) and many 
strains-of Enterobacter cloacae. Methicillin-resistant staphylococci 
are almost uniformly resistant to MEFOXIN. 

*in infections caused by indicated organisms at indicated sites 
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tin vitro activity against indicated aerobes and anaerobes 


, . Indications and Usage: J/eatmen/—Serious infections caused by susceptible strairs of the 
-designated microorganisms in ‘netoliowing diseases: 
v LOWER: RESPIRATORY TRACT INFECTIONS, including praumonia and lung abscess, caused by 
_ > Streptococcus pneumoniae, other streptococci (excluding enterocacci, e.g. Strep. faecalis). Staphy- 
v c daceccus aureus (pericillinase anc non "peniciltinase producing) Escherichia coli. Klebsiella species, 
| Hemoprilus infiueazae and Bactecoides species. 
| GENITOURINARY INFECTIONS. Urinary tract infections caused by E coli. Klebsiella Species. Proteus 
| o mirabilis indole-pesitive Protees (which include the organisms nowecatled Morganelia morganii and 
Proleus:wulgatis), and Providencia species (including Providencia retigeri), Uncomplicated gonorrhea 
due to Neisseria gonorrhoeae (penicillinase and non-penicilliaase producing). 
: INTRA-&BDOMINA. INFECTIONS, including peritonitis anc iatra-abdominal abscess, caused by E 
colt, Klebsiella species, Bacteroides species including the B: fragilis qraup* and Clostridium species. 
ccc GYNECOLOGICAL INFECTIONS, including endometritis, pelvic celulitis, and pelvic inflammatory 
> disease. caused by £ coli A. gonorrhoeae (penicillinase and non-penicillinase producing), Bacfe- 
roides species including the 8 /ragilis group* Clostridium species, Peptococcus species, Pepto- 
«c. Streptococcus species, and group B streptococci, 
coo SEPTICEMIA caused by Strep. oneumoeniae, Staph aureus (penicilinase and non-perwcdlinase 
<i. producisg) E coli, Klebsieila species, end Bacteroides Speces including the B. fragilis group; 
BONE AND JOINT INFECTIONS caused by Staph. aureus (penicillinase and non-penicillinase 
oe producing). 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase and non-paniciflin- 
-  8Se producing), Staph. epigermidis, streptococci (excludingenterococci. e.g. Strep. faecalis, E. coli, 
P. mirabilis, Klebsiella species. Bactercides species including the 8 fragilis group* Clostridium 
^, Species, Peplocaccus species, and Peptostreptococcus species. 
~ Although appropriate culture and Susceptibility studies showlc be performed, therapy may be started 
while awaiting these results. Cefoyitin is not active in vitre against most strains of Pseudomonas 
aéfuginesa and enterococci (2.¢., Sirep. faecalis) and ma ny strains of Enterobacter cloacae. Methicil- 
lin-tesistant staphytecocci ara almost uniformly resistant to zeloxitin 
Prevention--Prophylactic use ir Surgical procedures (€.9., hysterectomy, gastrointestinal Surgety, 
:: pesarean section, transurethral prostatectomy) classified as contaminated or potentially contami- 
Rated or in patientsin whom subsequent infection at the operative site would present a seriaus risk, 
-i ag prosthetic arthroplasty 
_ MEFOXIN® (Cefoxitin Sodium, MSC) usually should be givea % to 1 hour before surgery an should 
isually be stopped within 24 hours since continuing admiristration of any antibiotic increases the 
possibility of adverse reactions but. in the majority of susqical! procedures, does not reduce the 
ncidence of subsequent infection. However, in patients undergoing prosthetic arthroplasty, it is 
ecommended that MEFOXIN be continued for 72 hours afterthe Surgical procedure. If there are signs 
f infection, specimens for culture should be obtained for ideniification of the causative organism so 
ppropriate treatment may be instituted. 
Ontraindications: Previous hypersensitivity to cefoxitin. and the cephalosporin group af ami- 
sŠ; 
ings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DETER- 
PREVIOUS HYPERSENSITIATY REACTIONS TO CEFOZITIN, CEPHALOSPORINS, PENICILLINS, 
THER DRUGS. GIVE WIT 
HOU! “BE ADMINISTERED W 
































5 OXITIN OCCURS, 
ACTIONS MAY REQUIRE EPINEPHRINE 


irtually all antibiotics (includ he na); therefore, it is important i0 con- 
r its diagnosis when diarrhea develops in association with antibiotic use. Broad-spec- 
um antibiotics alter normal fiore of colon and may permit Overgrowth of clostridia: a toxin produced 









Clostridium difficile is a primary cause of antibiotic-assocaied colitis. Mild cases may respond to 
ug discontinuance alone; in mere severe cases, management may. include sigmoidoscopy appro- 


"B. fragilis iB distasonis, B ovatus, 8. ihetueteomicren, B valgatus 


iate baeteriologica: studies, fluid, electrolyte and protein sspplementation, and use of a drug such 


as oral vancomycin, isolation of the patient may be advisable. Other causes of colitis should also be - 
considered. 

Precautions: General--Total daily dose should be reduced in patients with reduced urinary output 

due to renal insufficiency because high and prolonged serum antibiotic concentrations can occur 

from usual doses. Prescribe with caution in patients with a history of gastrointestinal disease, » 
particulariy coiitis. Prolonged use may result in overgrowth of nonsusceptible organisms; repeated... 
evaluation of the patient's condition is essential. If superinfection occurs, take appropriate measures. oo 
Drug Inferactions-increased nephrotoxicity has been reported following concomitant administra 
tion cf cephalosporins and aminoglycoside antibiotics. NUN 
Drug/Lasoratory Test interactions—High concentrations (400 mcg/mL) may interfere with mea- 
Suremert of Serum and urine creatinine levels by the Jaffé reaction and produce false increases of 
modest degree in creatinine levels reported; serum samples should not be analyzed for creatinine if 
withdrawn within 2 hours of cefoxitin administration. High concentrations may interfere with mea- ——— 
suremert of urinary 17-hydroxy-corticosteroids by the Porter-Silber reaction and produce false 7 
increases of modest degree in levels reported. A false-positive reaction for glucose in urine has been 
observec with CLINITEST** reagent tablets. 

Carcinogenesis, Mutagenesis, Fertility impairment—No long-term animal Study has been performed 

Of Carcinogenic or mutagenic potential. Rat studies at approximately three times maximum recom- 
mended numan dosage revealed no effects on fertility or mating ability. 

Pregnancy Category B —Reproduction studies in rats and mice did not reveal teratogenic or fetal toxic 
effects, although fetal weights were slightly decreased. In rabbits, cefoxitin was associated with a 

high inci&ence of abortion and maternal death, neither considered teratogenic. There are, however, no 
adequate and well-controlled studies in pregnant women. Because animal reproduction studies are 

not always predictive of human response, this drug should be used during pregnancy only if clearly 
needed, 

Nursing Mothers-Excreted in human milk: Exercise caution. 

Pediatric Use--Safety and efficacy in infants from birth to three months have not yet been estab- 
lishec. in children three months and older, higher doses have been associated with increased - 
incidence of eosinophilia and elevated SGOT. TEE 
Adverse Reactions: The most common adverse reactions have been local reactions following 
intravanaus or intramuscular injection. Other adverse reactions have been encountered infrequently 
Loca! Reactions—Thrombophlebitis with intravenous administration: pain, induration, and tender- 

ness after intramuscular injections, Allergic Reactions—~Rash (including exfoliative dermatitis), pru- 2 
nitus, eosinophilia, fever, and other allergic reactions including anaphylaxis. Cardiovascular 3 
Hypotension. Gastrointestinal -Diarrhea, including documented pseudomernbranous colitis during — . 
or after 'reatment, and, rarely, nausea and vomiting. Blood—Eosinophilia, leukopenia including — 
granulocvtopenia, neutropenia, anemia, including hemolytic anemia, thrombocytopenia, arid bone 
marrow depression. A positive direct Coombs test may develop in some individuals, especially those 

with azotemia. Liver Function—Transient elevations in SGOT, SGPT, serum LDH, and serum alkaline 
phosphatase: jaundice. Renal Function--Elevations in serum creatinine and/or blood urea nitrogen 
levels and, rarely acute renal failure. : 
Note: in group A beta-hemolytic streptococcal infections, therapy should be maintained foratleast |... 
10 days to guard against the risk of rheumatic fever or giomerulonephritis. In staphylococcal and 
other infections involving a collection of pus, surgical drainage should be carried out where indicated... 
intramuscular injections should be well within the body of a relatively large muscle such as the uppe 
Guter quadrant of the buttock (Le, gluteus maximus), aspiration is necessary to avoid inadvertent. 
injection into à blond vessel. The total daily dosage in infants and children should not exceed =< 
T2 grams. Ro re uU 
How Supplied: Sterile cefoxitin sodium in vials, infusion bottles, and ADD-Vantage®* vials contain- ^ 


ing 1 gram or 2 grams cefoxitin equivalent and in 10-gram bulk bottles. ^. ue 
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Prognosis After Initial Recurrence of 703 
Cutaneous Melanoma 

Jay S. Markowitz, MD; Lisa A. Cosimi; 

Robert W. Carey, MD; Sewon Kang, MD; 

Catherine Padyk, MBA; Arthur J. Sober, MD; 

A. Benedict Cosimi, MD, Boston, Mass 





€ Anatomic site, thickness, pathologic type, and disease-free interval were unrelated to 
survival; significant factors included site of initial metastases, stage of disease, 
and completeness of initial therapy. 


nie HINBUAN- SES a a a ai a r 
Transesophageal Echocardiography: Preliminary Results 711 


in Patients With Traumatic Aortic Rupture 

Michael B. Sparks, MD; Kenneth W. Burchard, MD; 

Charles A. S. Marrin, MB; Christian H. G. Bean, MD; 

William C. Nugent, Jr, MD; Jonathan F. Plehn, MD, Hanover, NH 


e Transesophageal echocardiography is a useful diagnostic technique in 
rupture of the descending aorta. 


YE eee ere MCI "aU BEN EA 
Sequential Interleukin 2 and Interleukin 2 Receptor Levels 717 
Distinguish Rejection From Cyclosporine Toxicity 

in Liver Allograft Recipients 

Mary Ann Simpson, MD; Tonia M. Young-Fadok, MD; 

Peter N. Madras, MD; Richard B. Freeman, MD; 

Roy A. Dempsey, PhD; David Shaffer, MD; 

David Lewis, MD; Roger L. Jenkins, MD; 

Anthony P. Monaco, MD, Boston, Mass 


è Serial measurements of interleukin 2 levels provide a reliable assessment of the 
immunologic status of the allograft. 
Invited Commentary: Jeremiah C. Turcotte, Ann Arbor, Mich 


ESAE ee OE ER Ree UH TU A 000 
A Flexible Approach to Infrapopliteal Vein Grafts 724 


in Patients With Diabetes Mellitus 

Frank B. Pomposelli, Jr, MD; Stephen J. Jepsen, MD; 
Gary W. Gibbons, MD; David R. Campbell, MD; 

Dorothy V. Freeman, MD; Barbara M. Gaughan, RN; 
Arnold Miller, MD; Frank W. LoGerfo, MD, Boston, Mass 


e There were no significant differences in patency on the basis of in situ and 
ex situ vein grafts (93.2% vs 89.7%) or on the basis of inflow site. 


MES E OE E S el ein 
Mammographic Localization and Biopsy 730 


of Nonpalpable Breast Lesions: A 5-Year Study 
William R. Thompson, MD; J. Robert Bowen, MD; 
Brian A. Dorman, MD; Victor E. Pricolo, MD; 

Thomas K. Shahinian, MD; 

Clarence H. Soderberg, Jr, MD, Providence, RI 


e A malignancy rate of 24% was achieved with needle localization of nonpalpable 
mammographically detected breast lesions; the malignancy rate rose sharply from 
the fourth to the fifth decade of life. 


AER E a aa oe see ee roc e e a aa ed 3 
Biliary Patency Imaging After Endoscopic Retrograde 738 
Sphincterotomy With Gallbladder In Situ: 

Clinical Impact of Nonvisualization 


Ryan F. Holbrook, MD; Francine L. Jacobson, MD, MPH; 
Roger T. Pezzuti, MD; Douglas A. Howell, MD, Portland, Ore 


e Nonvisualization HIDA scans after ERS have no clinical significance in patients 


with cholelithiasis but predict the need for cholecystectomy. 
Continued on page 669. 
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*When compared with other intraluminal staplers of 
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ARCHIVES 


ORIGINAL ARTICLES 


Monitoring Functional Patency of 


Percutaneous Transluminal Angioplasty 

Edward V. Kinney, MD; Dennis F. Bandyk, MD; 

Mark W. Mewissen, MD; Debra Lanza, RN; 

Thomas M. Bergamini, MD; Elliot O. Lipchik, MD; 

Gary R. Seabrook, MD; Jonathan B. Towne, MD, Milwaukee, Wis 
e When the degree of residual stenosis is severe (>50%), further 


restenosis and clinical failure is predicted; with a residual restenosis of <50%, 
the success rate was 80% at 2 years. 


743 





Primary Resection and Anastomosis in Obstructed 748 
Descending Colon due to Cancer 

S. G. Tan, MBBS, FRCS(Glasg); R. Nambiar, MBBS, FRCS, FRCS(Edin), FRACS; 

A. Rauff, MBBS, MS, FRCS; S. S. Ngoi, MBBS, FRCS(Edin); 

H. S. Goh, 8Sc(Hons), MBBS, FRCS, Singapore 


e Intraoperative bowel irrigation permits one-stage resection and anastomosis with safety. 


High Rate of Portal Thrombosis After Splenectomy 
in Patients With Esophageal Varices 

and Idiopathic Portal Hypertension 

Akira Eguchi, MD; Makoto Hashizume, MD; 

Seigo Kitano, MD; Kazuo Tancue, MD; 

Hiroya Wada, MD; Keizo Sugimachi, MD, Fukuoka, Japan 


752 


e Decreased portal blood flow is closely linked to portal thrombosis after splenectomy 
in patients with IPH. 


Barrier Efficiency of Surgical Gowns: Are We Really 756 


Protected From Our Patients’ Pathogens? 
Jeffrey W. Smith, MS, MPH, 
Ronald Lee Nichols, MS, MD, New Orleans, La 


e Only surgical gowns with impervious plastic reinforcement offer complete protection. 
Invited Commentary: Gordon L. Telford, MD, 
Edward J. Quebbeman, MD, PhD, Milwaukee, Wis 


Timing of Invasive Procedures in Therapy for Primary 764 


and Secondary Spontaneous Pneumothorax 

Ronald Andreas Schoenenberger, MD; 

Walter Emil Haefeli, MD; Philipp Weiss, MD; 

Rudolf Fritz Ritz, MD, Basel, Switzerland 

e The early use of invasive procedures is advocated for spontaneous pneumcthorax after 


48 hours of persistent gas leak to minimize hospital stay and reduce recurrence rate. 
Invited Commentary: D. Demetriades, MD, PhD, Johannesburg, South Africa 





Liver Viability After Ischemia-Reperfusion 767 
Agustin A. Rodriguez, MD; Wayne W. LaMorte, MD, PhD; 

Lawrence M. Hanrahan, MD; Susan R. Hopkins; 

J. Conor C'Keane, MD; Riad Cachecho, MD; 


Erwin F. Hirsch, MD, Boston, Mass 


e Reperfusion of the ischemic liver in rats can result in a significant degree of irreversible 
damage; biochemical and morphologic markers are useful in studying cell injury 
following ischemia and reperfusion. 


Continued on page 673. 
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Sept. 16-22 and 20-22 - Pittsburgh Oct. 9-15 - 


- June e 7-9, 1991 - Seattle — | 











Chicago 


Now, your course for written and oral boards offers unlimited mock exams 


OBJECTIVES 


* To increase knowledge of surgical principles and p practice 


..* To prepare candidates to take written and oral board exams 


.. * To provide a comprehensive review for recertification 


METHODS 


* HOME STUDY questions, assignments and answers 
e SEMINAR with slides and syllabus (Part I course only) | 
€ PRACTICE EXAMS with written and oral sections 


The faculty was outstanding. The mo: d pleasant thing was learning a tremerdous amount, 
motonly from world-famous authorities ani from people who are relatively unknown as well,’* 


Part Il Courses: 


-— june 7-9 — Seattle 


~~ Red Lion Sea Tac 


Sept. 20-22 — Pittsburgh 


-. C November 1-3 — Boston 


Dec. 13-15 — Jacksonville 


om ` | The Part If Course is designed 


io prepare board candidates for 


^L. mi exams. The course will 


consist of mock oral exams, 


each based on a presenting 


problem leading to guestions 


D . on differential diagnosis, treat- 


ment optiors, and complica- 
tions, Faculty will critique 
each exam and answer ques- 
HONS, 

Each participant will have an 
exam and critique session and 
unlimited observation of other 
sessions. Additional 25-minute 
sessions may be arranged for 
$70 and private sessions (i.e., 
no other participants observ- 


n ing) may be arranged for anad- 


ditional $30. Topics will in- 

clude diseases and trauma of 
Alimentary Tract 

Abdomen 

Breast and Skin 

bos 4 | Head and Neck 






Endocrine System 


ÉORMCKOR KCN ee ORO AUS ee ee ee 


4 . Name 
* Address —— 1 


Phone 


: » . PO. Box 2218 
Terre Haute, IN 47802 





1094 Dawn jane: Dept. 106 


Faculty 


June 7-9 — Seattle 
Mary Barnhart, M.D. 
Practicing Surgeon 

Portland Adventist Hospital 
Ian Cleator, M.B. 

Professor of Surgery 
University of British Columbia 
Larry M. Gentilello, M.D. 
Assistant Professor of Surgery 
University of Washington 
Rober: C, Harrison, M.D. 
Professor of Surgery 
University of British Columbia 
Lucius Hill, M.P. 

Assoc. Clin. Prof. of Surgery 
University of Washington 
Armando Sardi, M.D, + 
Practicing Surgeon 

Alton Gchsner Foundation 

H. Harlan Stone. M.D. 
Chairman, Dept. of Surgery 
Fairview General Cleveland 

f Course Director 


Part I Courses: 


Sept. 16-22 - Pittsburgh 
October 9-15 — Chicago 
The Par: | course is mostly lec- 
tures and evening mock oral 
exams to help you prepare for 
your wr:tien and oral or recer- 
tification exams. The course is 
given im Pittsburgh a month 
before ‘and in Chicago the 
week before) the written and 
recertifie ation exams, 


Ak kreton Lamm anim RAAS AAN rin airian Nn M raaraa naana AAAA ATATA aan, 


Y City/State/Zip MN NC RR eT ee a Oe 


Part I Course Topics: 


Basic Surgery 
Anatomy 

Physiology 
Anesthesiclogy 

Shock 

Neoplasia 
Transplantation 
‘Trauma and Burns 
Surgical Critical Care 
Pre- and Post-op. Care 


General Surgery 
Alimentary Tract 
Abdomen 

Breast and Skin 
Endocrine 

Head and Meck 


Special Surgery 
Thoracic Sargery 
Cardiac Surgery 
Vascular Surgery 
Orthopedic Surgery 
Hand Surgery 
Pediatric Surgery 
Jrologic Surgery 
Gynecologic Surgery 
Neurosurgery 
Ophthalmo ogy 
Plastic Surgery 
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< Limited Enrollment: SURGERY BOARDS REVIEW REGISTRATION 


Rea PE PM are tee a: 
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€ : 





vw 


[C] Check is enclosed for $ 
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COCHRAN HERSEK ERHARD EH 


“Accommodations were confortable. iei Ar. 
COURSES AND LOCATIONS: The Part 


I course is mostly lectures andevening mock 
oral exams to help you prepare for your writ- —— 
Thé 


ten and oral or recertification exams. 
Part II course is mock oral exams for three 


days before and in the same city as each oral — : 


exam. Each participant is guaranteed a one- 
on-one public mock oral and can purchase 
additional public or private exams. Before 
either course home study questions and 
answers will be sent upon receiving half of 
your registration fee. Past participants 
recommend taking the course well before 
boards and repeating for half price im- 
mediately before your exam. 


^ Gnd those little extras...."* 


LOWEST AIR FARES: Please call 
toll- free 1-800-548-8185 for group fares. 


"_.the most education for the money.” 
FEES AND CATEGORY 1 HOURS: 


è Surgeon or Resident: Surg. Res. Hrs. 
© Part I course (7 days): $780 $520 
repeating within 3 years: $390 $390 65 
$ Part II course (3 days): $540 $360 28 
repeating within 3 years: $270 $270 28 
$ Extra mock oralexam: $70 $70 12 
è Private mock oralexam: $100 $100 


è Add 10% within 10 days of the course. 

€ Attendees not in course hotel add $20/day. 

* Deposit of $50 will reserve your position. — ^ 

e Subject to $50 charge, refunds will be made 
until the seminar begins. = 

“home study material was extremely helpful. "* 


ACCREDITATION: The Alton Ochsner- 
Medical Foundation is accredited by the Ac- 
creditation Council for Continuing Medical 
Education (ACCME) to sponsor continuing 
medical education for physicians. 


The Alton Ochsner Medical Foundation — - 
designates this continuing medical educa- ^ . 
tion activity for 65 hours (Part I Courses) n 
or 28 hours (Part Il courses) in Category —— 
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the American Medical PAM EE. 
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In cardiovascular surgery, n bum surgery, an even 

control oozing under the and consistent spray of T 

sternum by spraying THROMBOGEN Thrombin | pus 

THROMBOGEN Thrombin controls bleeding of broad | E 

upside down. areas, such as donor sites. | i 
| x 
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THR MBOGEN 


E . Topica Thrombin, USP 


V MEDICAL INC. 


*TRADEMARK € JJM, INC. 1991 


For further product information, call 1-800-433-5009. 
_ Please see following page for brief summary of Prescribing Information. 
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Thrombin, Topical USP 
THROMBOGEN* 


(Bovine origin) 


Betore prescribing, olease see full prescribing information. A Brief 
Summary follows: Thrombin, Topical USP THROMBOGEN* must 
not be injected! Apply on the surface ef bleeding tissue as a 
solution or powder. 


INDICATIONS AND USAGE: THROMBOGEN Throrroin is 
indicated as an aid in hemostasis whesever oozing biood from 
Capillanes and smal’ venules is accessible. 

In various types of surgery, solutions of THROMBOGEN 
Thrombin may be used in conjunction with Absorbabie Gelatin 
Sponge, USP for hemostasis 


CONTRAINDICATIONS: THROMBOGEN Thrombin is 
contraindicated in persons known to be sensitive to any of its 
components and/or to material of bovine origin 


WARNING: Because of its action in the clotting mechanism, 
THROMBOGEN Thrombin must not be injected or otherwise 
allowed to enter large blood vessels. Extensive intravascular 
clotting and even death may result. THROMBOGEN Thrombin 
is an antigenic substance and has caused sensitivity and 
allergic reactions when injected intc animais. 


PRECAUTIONS: General: Consult the-Absorbable Gelatin 
Sponge, USP product labeling for complete information for use 
prior to utilizing the thrombin-saturatec-sponge procedure 

Pregnancy-Teratogenic effects: Pregnancy Category C. Animal 
reproduction studies have not been ccnducted with Thrombin, 
Topical USP (Bovine origin). It is also rot known whether Thrombin 
Topical USP (Bovine origin) can cause fetal harm when 
administered to a pregnant woman or can affect reproduction 
capacity. Thrombin, Topical USP (Bovine origin) should be given to 
a pregnant woman only if clearly indicated 

Pediatric Use: Satety and effectiveness in childrenthave not been 
established. 


ADVERSE REACTIONS: Allergic reactions may be encountered in 
persons known to be sensitive to bovime materials 


DOSAGE AND ADMINISTRATION: General: Solutions of 
THROMBOGEN Thrombin may be preoared in sterile distilled water 
or isotonic saline. The intended use determines the strength of the 
solution to prepare. For general use in plastic surgery, dental 
extracticns, skin grafting, neurosurgerv. etc., solutioms containing 
approximately 100 units. per ml. are frequently used. For this, 10 ml 
of diluent added to the 1,000 unit package is suitable Where 
bleeding is profuse, as from cut surfaces of liver and spleen, 
concentrations as high as 1,000 to 2.060 units per m! may be 
required. Intermediate strengths to suit the needs of the case may 
be prepared by selecting the proper strength package and 
dissolving the contents in an appropriate volume of diluent. In 
many situations, it may De advantagecus to use THROMBOGEN 
Thrombin ir. dry form on oozing surfaces 


CAUTION: Solutions should be used immediately upon 

reconstitution. However. the solution may be refrigerated at 2-8*C, 

for up to three hours. The following techniques are seggested for 

the topical application of THROMBOGEN Thrombin 

1. The recipient surface should be spenged (not wiped) free of 
blooc before THROMBOGEN Thrombin is applied 

2. A spray may be used or the surface may be flooded using a 
sterile syringe and small gauge needle. The most effective 
hemostasis results when the THROMBOGEN Thrcmbin mixes 

Ireely with the blood as soon as it reaches the surtace 

3. In instances where THROMBOGEN Thrombin in dry form is 
needad, the vial s opened by remcving the meta! ring by 
flipping up the plastic cap and tearng counterclockwise. The 
rubber-ciaphragm cap may be easily removed and the dried 

THROMBOGEN Thrombin is then broken up into a powder by 

means of a sterile glass rod or othe: suitable steriie instrument 

4 Sponging of treated surfaces should be avoided in order that 
the ciot remain securaly in place 

THROMBOGEN Thrambin may be used in conjunction with 

Absorbable Gelatin Sponge, USP as follows 

1. Prepare THROMBOGEN Thrombin solution of the desired 
strength. 

2. Immerse sponge strips of the desired size in the 
THROMBOGEN Thrombin solution. Knead thessponae strips 
vigorously with moistened gloved fingers to remove trapped 
air, thereby facilitating saturatior of the sponge 

3. Appiv saturated sponge to bleeding area. Hold in place for 
10 to 15 seconds with a pledget of cotton or a small gauze 


sponge. 

THROMBOZEN Vm Kit: The THROMBOGEN Spray Kit contains 

one stenle vial of THROMBOGEN Thrombin, one sterile vial of 

isotonic sahne diluent, one sterile disposable syringe and one 
sterile syringe spray tip The kit may be used as follows 

1 Remove the Tyvekt blister lid from the outermost tray by pulling 
up at the indicated corner. The stemle inner tray can then be 
lifted out or introduced into the stemle field 

2. Remove the Tyvekt blister lid from the inner tray to expose the 
sterile contents 

3. Using the sterile syringe equipped with the needle, draw the 
desired amount of saline diluent fram the vial into the syringe 

4. Inject the saline diluent into the THROMBOGEN Thrombin vial 
from the syringe to reconstitute the THROMBOGEN Thrombin 

owder. 

5. When the THROMBOGEN Thrombin is completely dissolved 
draw the THROMBOGEN Thrombir solution into the syringe 

6. Remove and discard the needle: affix spray tip by pushing 
down and turning cleckwise until the spray tip locxs in place 

7. Depress the syringesplunger in a normal fashion to dispense the 
THROMBOGEN Thrombin solution through the tip in a fine 
spray. 

8. Alternatively, to facilitate using the THROMBOGEN Thrombin 
with an Absorbable Gelatin Sponge, USP the THROMBOGEN 
Thrombin solution may be dispensed directly from the syringe 
into a sterile container vs. attaching the spray tip When 
THROMBOGEN Thrembin is needed in the dry form, the vial is 
opened and the dried THROMBOGEN Thrombin pellet should 
be broken up into a powder with a sterile glass red or other 
suitable instrument 


Caution. Federal law prohibits dispensing without a prescription 
THROMBOGEN Thrombin is manufactured by GenTrac. Inc 
Middleton, WI 53562 

tTrademar« of DuPont 


Store at normal controlled room temperature, excep! 1000 unit vial 
cf THROMBOGEN Thrombin, which must be stored between 
2°-8°C (36°-46°F) 


¥* TRADEMARK © JJM, INC. 1991 SSD 0575 








What 
will you tell her 
about 
screening 
mammography? 


Many of your patients will hear about 
screening mammography through a program 
launched by the American Cancer Society and 
the American College of Radiology, and they 
may come to you with questions. What will 
you tell them? 

We hope you'll encourage them to have a 
screening mammogram, because that, along 
with your regular breast examinations and 
their monthly self examinations, offers the 
best chance of early detection of breast cancer, 
a disease which will strike one woman in 10. 

If you have questions about breast cancer 
detection for asymptomatic women, please 
contact us. 


AMERICAN _ Professional Education Dept. 
CANCER Nationa! Headquarters 

® 90 Park Avenue 
SOCIETY New York, New York 10016 


or your local society 


LY American 1891 Preston White Drive 
e College of Reston, Virginia 22091 
/| Radiology (703) 648-8900 
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To receive the be 
response from your 
recruitment ad, look to 
"Classified Advertising" 
in AMA publications. 


AMA Specialty Journals are 
unmatched in providing a 
targetec readership. So, all nine 
journals — The Archives and 
AJDC, do exactly what you 
want. Eacn one puts your 
recruitment message in the 
hands cf qualified doctors in 
the specialty you are trying 

to reach. 

The affordable and very efficient 
"Classified Advertising" section 
in each journal offers a highly 
visible concentration of wide- 
ranging physician opportunities 
within each specialty. 

Take your choice, but make that 
choice an AMA specialty journal 
for physician recruiting. For 
complete advertising 
information, please call or write: 
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AMA SPECIALTY JOURNALS 
The Media of Choice 


American Journal of Archives of Pathology 
Diseases cf Children & Laboratory Medicine 


Archives of Dermatology Archives of intemal Medicine 
Archives of General Psychiatry Archives of Neurology 


Archives of Otolaryngology Archives of Ophthalmology 
-Head & Neck Surgery Archives of Surgery 
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Effect of Bile on Growth, Peritoneal Absorption, 
and Blood Clearance of Escherichia coli 

in E coli Peritonitis 

Roland Andersson, MD, PhD; Claes Schalén, MD, PhD; 
Karl-Góran Tranberg, MD, PhD, Lund, Sweden 





@ The noxious effect of bile in E coli peritonitis is enhanced by impaired 
peritoneal absorption of bacteria and impaired local host defense. 





Lateral Thoracotomy for the Automatic 778 
Implantable Defibrillator 

A. David Slater, MD; Igor Singer, MD; 

Christodulos Stavens, MD; Michael J. Springer, MD; 

Laman A. Gray, Jr, MD, Louisville, Ky 


€ A muscle-sparing lateral thoracotomy is favored for automatic 
implantable cardioverter defibrillator insertion, particularly if 
there has been a previous intrapericardial procedure. 


CLINICAL NOTES 


Recurrent Spontaneous Intrahepatic Hemorrhage 782 
From Peliosis Hepatis 

Sharon R. Fayward, MD; Charles E. Lucas, MD; 

Anna M. Ledgerwood, MD, Detroit, Mich 





Angelchik Prosthesis Complicates Treatment 784 
of Adenocarcinoma in Barrett's Esophagus 

J. David Richardson, MD, Louisville, Ky 

Invited Commentary: David L. Nahrwold, MD, Chicago, III 





Myointimal Hyperplasia as a Result 786 


of Balloon-Catheter Thromboembolectomy 
Mark A. McGurrin, MD, Tampa, Fla; 

John L. Driscoll, MD, Bay Pines, Fla; 

Kenneth B. Seifert, MD, 

Stephen G. Brantley, MD, Tampa, Fla; 

F. Joseph Dagher, MD, Bay Pines, Fla; 

William M. Blackshear, Jr, MD, Tampa, Fla 
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CORRESPONDENCE AND BRIEF COMMUNICATIONS — 789 
| BOOKS 791 
INDEX TO ADVERTISERS 716 
CLASSIFIED ADVERTISING 793 


INSTRUCTIONS FOR AUTHORS —See March 1991 issue, p 399. 
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selected industry- 
commun nications published by the - 





| Ed oe tum Medical Association Publications, 
| l Deparment of Education Services. 


_ As always, any materials published by the 
. AMA have passed a rigorous selection and 


peer-review process. All are authored by 
physicians or known experts. All meet our 
high standards... and yours. 


Look for these AMA Education Services 


materials...your key to quality healthcare 
publications. 


AMA Publications 
Department of Education Services 
600 Third Avenue, New York, NY 10016 ES-0014 





She’s outbattled 

the Great Depression, 
her husband's death, 
and a myocardial 
infarction. 


Now she’s won a fight 
against gram-negative 
cholecystitis. 


For broad aerobic gram-negative 
coverage, including 

Pseudomonas aeruginosa, 

in serious intra-abdominal infections’: 


— Peritonitis 
— Abscess 
— Appendicitis 


Please see the adjacent page for a brief summary of prescribing 
information. 


*Due to susceptible organisms. 


In the management of gram-negative infection... 


Azactam 


aztreonam 








AZACTAM® FOR INJECTION 
Aztreonam For Injector 


DESCRIPTION-AZACTAM (aztreonam, Squibb) is the first member of a new class 
of antisiotics classified as monobaciams, AZACTAM is a totally synthetic bacterici- 
dal artibiotic with activty against a wide spectrum of gsam-negative aerobic 
pathogens. The monebastams, having a unique monocyciic beta-lactam mucleus, 
are structurally different bom other beta-lactam antibiotics. 

AZACTAM Fo: Injiection:s a sterile, inonpyrogenic, sodium-fsee, white to yellowish- 
white iyophilized cake. containing approximately 780 mg arginine per gram of aztre- 
onam ‘or intramuscular orintravenous use following constitution. Aqueous solutions 
of the product have a pH in the range of 4.5-7 5. 


INDICATIONS AND USAGE-Beforeiünitiating treatment with AZACTAM, appropriate 
specimens should be obtained for isolation of the causative organism(s) and for de- 
termination of susceptibility to aztrecnam. Treatment with AZACTAM may be started 
empirically before results of the susceptibility testing are available; subsequently, ap- 
propriate antibiotic tharapy should se continued. 

AZACTAM For irjection is indicated for the treatment of the following infections 
caused by susceptible gram-negative microorganisms: Urinary Tract infections 
(complicated and uncempiicatec), including pyelonephritis and cystitis (initial and 
recurrent) caused by Escherichia coii, Kiebsiella pneumoniae, Proteus mirabilis, 
Pseudomonas aeruginosa, Enterobacter cloacae, Klebsiella oxytoca*, Citiobacter 
species* and Serratia marcescens*. Lower Respiratory Tract infections, including 
pheumonia and bronchitis caused by Escherichia cali, Kiebsiella pneumoniae, 
Pseudomonas eeruginosa, Haemophilus influenzae, Proteus mirabilis, Entesobacter 
species and Serratia marcescens*. Septicemia caused by Escherichia coli, Kiebsieila 
preumoniae, Psaudomonas aeruginosa, Proteus mirabilis*, Serratia marcescens* and 
Entercbacter species. Skin and Skin-Structure Infections, including those asso- 
ciated: with postoperative wounds, ulcers and burns caused by Escherichia coli, 
Proteus mirabilis, Serratiasnarcescens, Enterobacter species Pseudomonas aerugi- 
nosa, &lebsiellapneumoniae, and Citrobacter species*. intra-abdominal Infections, 
including peritonits caused by Escherichia coli, Klebsiella species, including K. 
preumoniae, Enterobacter species including E. cioacae*, Pseudomonas aerugi- 
nesa, Citrobacter species" including C. freundii* and Serratia species* including S. 
marcescens*. Gynecologic Infections, including endometritis and pelvic cellulitis 
caused by Escherichia coli, Klebsiella pneumoniae*, Enterobacter species* includ- 
ing E. cloacae* and Proteus mirabilis". 

AZACTAM is indicated for adjunctive therapy to surgery in the management of in- 
fections causec by susceptible organisms, including abscesses, infections. compli- 
cating hollow wiscus perforations, cutaneous infections and infections of serous 
surfaces. AZACTAM is affective against most of the commonly encountered gram- 
negative aerobic pathogens seen ingeneral surgery. 


Concurrent Therapy-Concurrent initial therapy with other artimicrobial agents and 
AZACTAM is recommended before the causative organisms(s) is known in seriously 
ill patients who are also et risk of having an infection due to«gram-positive aerobic 
pathogens, if anaerobic organisms are also suspected, therapy should be initiated 
using an antianaerobic agent concurrently with AZACTAM. Certain antibiotics (e.g. 
cefoxitin, imipenem) may induce hich levels of beta-lactamase in vitro in some gram- 
negative aerobes such as Enterobacter and Pseudomonas species, resulting in an- 
tagonism to masay beta-iactarn antibictics including aztreonam: These in vitro findings 
suggest that such beta-lactamase inducing antibiotics not be used concurrently 
with aztreonam. Following identification and susceptibility testing. appropiate an- 
tibiotic therapy should be continued: 


CONTRAINDICATIONS-Aztreonam ss contraindicated in patients with knows allergy 
to: this:antibiotic. 


WARNINGS-Pseudomermbranous colitis has been reported with nearly ail anti- 

bacterial agents, including aztreonam, and may range in severity from mild to life- 

threatening. Therefore, Eis important to consider this diagnosis in patients who 

present with diarrhea subsequent to the administration of antibacterial agents. 
xy Treatment with antibacterial agents alters the normatflora of the colon and may 
Hc permibovergrovth of clostridia. Stucies indicate that a toxin produced by Clostridium 
-dificile is one primary cause of "antibiotic-associated colitis." 

After the diagnosis of pseudomembranous colitis has been established, therapeutic 
measures should be initisted. Mild cases of pseudomembranous colitis usually re- 
spond to drug discontinuation alone. in moderate to severe cases, consideration 
-should be giver: to management with fluids and electrolytes, protein supplementa- 
tion, and treatment with an oral antibacterial drug effective against C. difficile (e.g.. 
vancomycin). Careful inquiry should be made for a history of hypersensitivity reac- 
-fion taany antibiotic or other drugs “Antibiotics should be given with caution to any 
-patere who has had same form of allergy, particularly to drugs. ft is recommended 
‘that patients who have ^ad immediate hypersensitivity reactions (e:g.. anaphylactic 
-Orurticarial) to penicillins and/or cep^alosporins should be follewed with special care. 
4t an allergic reaction to aztreonam occurs, discontinue'the drug and institute sup- 
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portive treatment as appropriate (e.g., maintenance of ventilation, pressor amines, 
antihistamines, corticosteroids). Serious hypersensitivity reactions may require 
epinephrine and other emergency measures. 


PRECAUTIONS-General: In patients with impaired hepatic or renal function, ap- ` 


propriate monitoring is recommended during therapy. If an aminoglycoside is used ~ 


concurrently with aztreonam, especially if high dosages of the former are used or if 


therapy is prolonged, renal function should be monitored because of the potential —- 


nephrotoxicity and ototoxicity of aminoglycoside antibiotics. The use of antibiotics 
may promote the overgrowth of nonsusceptible organisms, including gram-positive 
organisms and fungi. Should superinfection occur during therapy, appropriate mea- 
sures snould be taken. 


Carcinogenesis, Mutagenesis, Impairment of Fertility-Carcinogenicity studies in 
animals have not been performed, Genetic toxicology studies performedin vivo and 
in vitro with aztreonam in several standard laboratory models revealed no evidence 
of mutagenic potential at the chromosomal or gene level, Two-generation reproduction 
studiesin rats at daily doses up to 20 times the maximum recommended human dose, 
prior tc and during gestation and lactation, revealed no evidence of impaired fertil- 
ity. There was a slightly reduced survival rate during the lactation period in the off- 
Spring of rats that received the highest dosage, but not in offspring of rats that 
received five times the maximum recommended human dose. 


Pregnancy-Pregnancy Category B: Aztreonam crosses the placenta and enters the 
fetal circulation, Studies in pregnant rats and rabbits, with daily doses up to 15 and 
5 times. respectively, the maximum recommended human dose, revealed no evidence 
of embryo- or fetotoxicity or teratogenicity. No drug induced changes were seen in 
any of the maternai, fetal or neonatal parameters that were monitored in rats receiving 
15 times the maximum recommended human dose of aztreonam during late gesta- 
tion and lactation. There are no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always predictive of human 
response, aztreonam should be used during pregnancy only if clearly needed. 


Nursing Mothers-Aztreonam is excreted in breast milk in concentrations that are 
less than 195 of concentrations determined in simultaneously obtained maternal 
serum; consideration should be given to temporary discontinuation of nursing and 
use of formula feedings. 


Pediatric Use-Safety and effectiveness have not been established in infants and children. 


ADVERSE REACTIONS-Local reactions such as phlebitis/thrombophlebitis follow- 
ing IV administration, and discomfort/swelling at the injection site following IM ad- 
ministretion occurred at rates of approximately 1.9% and 2.4%, respectively. Systemic 
reactions (considered to be related to therapy or of uncertain etiology) occurring at 
an incidence of 1 to 1.3% include diarrhea, nausea and/or vomiting, and rash. 
Reactions occurring at an incidence of less than 1% are listed within each body sys- 
tem in order of decreasing severity; Hypersensitivity-anaphylaxis. Hematotogic-pan- 
cytopeaia, neutropenia, thrombocytopenia, anemia, leukocytosis, thrombocytosis. 
Gastrointestinal-abdominal cramps: rare cases of C. difficile-associated diarrhea, ini- 
cluding pseudomembranous colitis, or gastrointestinal bleeding have been reported. 
Onset cf pseudomembranous colitis symptoms may occur during or after antibiotic 
treatment (see WARNINGS). Dermatologic-purpura, erythema multiforme, urticaria, 
exfoliatve dermatitis, petechiae, pruritus, diaphoresis. Cardiovascular-hypotension, 
transient ECG changes (ventricular bigeminy and PVC). Respíratory-one patient ex- 
perienced flushing, chest pain, and dyspnea. Hepatobiliary-hepatitis, jaundice. 
Nervous System-seizure, confusion, vertigo, paresthesia, insomnia, dizziness. 
Muscultoskeletal-muscular aches. Special Senses—tinnitus, diplopia, mouth ulcer, al- 
tered taste, numb tongue, sneezing and nasal congestion, halitosis. Other-vaginal 
candidiasis, vaginitis, breast tenderness. Body as a Whole-weakness, headache, 
fever, rralaise. 


Adverse Laboratory Changes- Those reported without regard to drug relationship 
during clinical trials were: Hepatic-elevations of AST (SGOT), ALT (SGPT), and ai- 
kaline phosphatase; signs or symptoms of hepatobiliary dysfunction occurred in less 
than 1*6 of recipients (see above). Hemic-increases in prothrombin end partial 
thromboplastin times, eosinophilia, positive Coombs test. Renai-increases in serum 
creatinine. 


OVERDOSAGE-i necessary, aztreonam may be cleared from the serum by hemodial- 
ysis and/or peritoneal dialysis. 


DOSAGE AND ADMINISTRATION-Dosage adjustments are recommended for pa- 
tients with impaired renal function. In elderly patients, estimates of creatinine clear- 
ance should be obtained and appropriate dosage modifications made it necessary. - 


HOW SUPPLIED-AZACTAM For injection (Aztreonam For Injection)-Lyophilized-is. 
supplied in single-dose 15 mL vials containing 500 mg, or 1 givial; in single-dose 
30 mL vials containing 2 g/vial; and in single-dose 100 mL intravenous infusion bot- 
ties cortaining 500 mg or 1 g or 2 g/bottle. 


Consult package insert before prescribing AZACTAM (aztreonam). (J4-231C) 
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Who Is Responsible for Progress? 


John F. Burke, MD 


My subject is an endangered responsibility. A respon- 

sibility that is widely distributed, basic to society, 
and threatened by lack of attention. This responsibility is 
that of maintaining progress; a thread that in the best of 
societies runs without interruption through all profes- 
sions. In medicine, this thread of learning and teaching 
was first set down by Hippocrates: “to give a share of pre- 
cepts and oral instruction and all other learning.” How- 
ever, learning (and, therefore, progress) does not come 
automatically, like death or taxes. It must be carefully cul- 
tivated and requires a considerable portion of available 
resources. 

In this increasingly modern world, the rate of panes 
largely depends on the will and ability of society to focus 
resources on current problems. What is society's effect on 
medicine and its progress today? Who is responsible for 
ensuring that the net vector of these forces points in the 
direction of continued advancement? These questions re- 
late to broad and very complex issues and seem easiest to 
explain through examples taken directly from medicine 
rather than attempting a detailed dissection of the entire 
process. It is of more than passing importance to answer 
these questions clearly for they directly affect the degree 
towhich medicine will contribute to the improving welfare 
of society in the future. 

To begin to explore the present state, a rough analysis 
of the behavior of today's society shows ominous trends 
forecasting a marked decrease in the rate of improvement 
in new understanding and improved treatment of diseases 
in the near future. What are these worrisome trends that 
mirror forces that affect progress and why are they 
present? How are these pressures created? These pres- 
sures are sufficient to affect the rate of improvement even 
in an area in which improvement is basic to the welfare 
of society. 

As we more closely examine these trends that affect 
medicine and its progress, there is, at first, some surprise. 
An initial evaluation reveals only efforts to increase the 
rate at which medical care is improved. On deeper ex- 
amination, however, several powerful negative forces are 
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seen. Even more surprising, the negative pressures dc not 
act directly to prevent improvement; nevertheless, they 
have profound indirect effects that explain why they are 
not widely recognized as inhibitors. 

Whatare these positive and negative societal pressures? 
Those on the positive side are straightforward. Examples 
include the public outcry to find a cure for acquired im- 
munodeficiency syndrome and the large support for the 
broadly based, carefully planned research programs o- the 
National Institutes of Health. These trends are well un- 
derstood and need no further description. In contrast, the 
trends in society representing forces that could inhibit 
progress are much less visible and require more deteiled 
evaluation. They are nevertheless most effective, for not 
only do they indirectly inhibit progress itself, but -hey 
slow the clinical application of recent technical progress, 
particularly if it does not reduce overall cost. 

In a broad sense, both the positive and negative farces 
affecting progress that are made visible through society's 
trends may be cataloged as social and economic pressures. 
This is true, in fact, for many areas in addition to medicine. 
It is worth looking at these two categories in some detail, 
for their modes of action are very different. Economic 
forces clearly affect the behavioral patterns of medicine 
today. They function under such names as "cost contain- 
ment" and "cost effectiveness," but are clearly related to 
the inability or perhaps the reluctance of those who pay 
for medical care to accept the steadily rising costs. It is 
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just passing fancies, but are actively at work and must be 
` taken seriously. 

. Recent examples indicate the uniformity of this trend 
-throughout the United States: in Massachusetts, “the time 
~ has come for Massachusetts to ration medical care" (The 


.wants to limit Medicaid services while expanding basic 
- care to many people currently outside the system" (The 
— Wall Street Journal. June 15, 1990). These ideas are with us 
and must be balanced. Itis also important to note that these 
pressures will not only alter the provision of medica! care 
to each individual, including " . . . the mechanics of ra- 
tioning —deciding who will get care and who will not" (The 
Boston Globe. July 24, 1999), but wall also aiter the general 
application of new methods to improve medical care. 
“New techniques are nearly always more expensive than 
the ones they replace” (The Boston Globe. July 24, 1990). 
Changes in medical practice today are necessary and 
inevitable. They are part of progress. It is not our task to 
comment on the value of suggestions for change, how- 
ever. Our focus is on maintenance of progress. It is also 
=> Important to recognize that in all of these powerful eco- 
^... nomic forces, no direct attempt is made to stop or even 
reduce efforts to learn more abou: the cause or treatment 
_ of disease. In fact, the opposite is true. There is, therefore, 
a remarkable paradox Ulam the stated aims and the 
potential effects of the economic forces and also, as we will 
<- note, the social forces that are prominent in the modu- 
.. lation of progress in medicine. 

The social forces that affect the rate of progress in med- 
icine are perhaps even more complex ard interwoven. 
Medicine today finds itself involved in a world of major 
social change. These changes are fundamental to the in- 
dividual, and most important to carry out. There is no 
reason to slow this socia! progress. However, unless un- 
foreseen side effects are recognized and their indirect, un- 
planned results broadly understood and prevented, there 
could be profound effects on medical progress. 

To a large extent, social changes are related to clarifi- 
cation and wider application of the individual's rights, in- 
cluding the right to information, the highest possible qual- 
ity of care, access, and self-determination. All tend to place 
more complex and technical decision making into indi- 
vidual hands and emphasize the imperative of a well- 
informed citizenry. Social pressures are clearly related to 
feedback from those receiving medical treatment and pol- 
AA are now heavily influenced by public views. 
This is a trend that should and will continue to increase. 

. .. Economic and social pressures carry considerable 
weight, butitis when sodal and economic trends combine 
. in what is often a synergistic way that the most profound 
effect on progress is seen. For example, the entrance of a 
. new technology into general clinical practice, no matter 
-how effective, may be retarded by the economic pressures 
tending to reduce overall medical cost. This effect may be 
_ Substantially reinforced by public uneasiness over the pos- 
sibility of an extensive or invasive medical technique if the 
public is not clearly informed of its ability to increase the 
reasonable probability of cure. 
. To demonstrate how these economic and social forces 
act on medicine and affect the rate of progress, it seems 
1 important to use examples. Furthermore, examples 
<> should represent the general problem facing medicine, for 
itis the general problem, not any specific occurrence, that 
is of interest. I will use examples drawn from the recent 
history of progress in the surgical management of burn 
injury and will emphasize the potential effects that social 
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| important to recognize that these economic forces are not 


. Boston Globe. July 18, 1990), and in Oregon, “the state - 





| and economic forces could have had. Although these are 
, examples, I believe the lessons demonstrated are global 


and pertinent to all medicine. —— 
To accurately describe the pressures on medicine, we 


. must first recognize that there is a constant and ancient - 
` precept, first written by Hippocrates, but surely much 
older, that instructs all to do no harm. Society and med- 
_ icine have always rejected the use of medical treatment if 


there is no reasonable chance that it will lead to cure. Un- . 


der this principle, the repeated and invasive treatments 
. needed to deal with an extensive burn injury have, with 


increasing frequency, been oo because of the pub- 
lic’s widening perception of a low probability of recovery. 
In the past, this percepton was well founded and docu- 
merted inlay publications first appearing at the beginning 


. ofthe20th century: "The CAM depends chiefly on the 


extent of skin involved, death almost invariably resulting 
when one-third of the total area of the body is affected, 
however superficially,"! and again at the end of the second 
third of this century: "With third degree burns only a few 
patients with 40% burns can be saved, but most with 20% _ 
or less should survive."? According to the first report, fa- 

tality was uniform for an injury occupying one third of the 


. body surface, and the second report seemed to confirm the 


impossibility of survival from a burn of 4096 or more of the 
body surface. 

With this information widely available in the public sec- | 
tor, it is not surprising that extensive burn injuries were, 
andin some places still are, treated with comfort measures 
only. Although the example speaks of society's attitude 
regarding burn injury, similar attitudes are widespread 
throughout medicine. The danger of the general use of this 
reasoning is that certain results could do serious harm to 
individual patients in particular and generally to all people ' 
who will be ill in the future. These dangers occur if con- 
ventional wisdom is in error or if cost is the only consid- 
eration. Improvements in biologic information and tech- | 
nical ability today may, in a short time, make a previously 
fatai disease amenable to treatment. Until the new facts are 
widely recognized and accepted, and resources are allo- 
cated, patients may be deprived of a reasonable shot at 
cure. Furthermore, if no attempt is made to treat a disease, 
there will never be progress in the cure of that disease and 
future patients will be deprived of benefits. des 

How do these forces function in the real medical world? 
As noted above, it seems most efficient to draw illustra- 
tions from the present rate of progress and to examine 
threats to further progress inthe treatment of patients with 
burns. I will use examples from our own work because I 
know it best, but similar examples could easily be drawn 
today from any of the organized burn centers in the world. 
In addition, I propose that these examples, although 
clearly related to the treatment of burn injury, have coun- . 
terparts throughout medicine and perhaps all of society, 


and are therefore pertinent to the general arguments we: - 
are examining. 


As already noted in the discussion of social constraints 


, affecting medicine, treatment experience gives current _ 
. public opinion a particular view of the treatment's worth. 
However, as is often the case, publicopinion presents only . - 


one side of the coin. What does the peer-reviewed medical 


literature document regarding the probability of survival _ 
following a massive burn injury and, perhaps most im- 
' portantly, the patient's quality of life? Will a survivor be 


able to lead a happy, productive life and contribute to so- 
ciety? — | 
Analysis of mortality during 1974 to 1984 (Fig 1) shows 


| a remarkable decrease over time in the number of adult 
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Fig 1.— Overell mortality vs year. Data for 1974 are from July through 
December. Overall mean mortality from 1974 to 1984 markedly de- 
clined, from 24% to 7%. 
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Fig 2.— Logistical regression curves of survival vs age for various burn 
areas from 1974 to 1977 and 1979 to 1984. The continuous curves 
represent survival curves from the 1979 to 1984 mortality data mod- 
eled with lagit for the indicated percentage of body surface area 
(BSA). The dashed curves represent survival curves from 1974 to 1977 
mortality data modeled with logit for the indicated percentage of 
BSA. The 1974 to 1977 curves are shunted upward and to the right, 
indicating a greater likelihood of survival at a given age and per- 
centage of BSA in 1979 to 1984 compared with the previous period. 
Shifting to the right indicates that, for a given percentage of BSA, 
an older pawient in 1979 to1984 had the same likelihood of survival 
that a younger patient had in the 1974 to 1977 period. 


patients who died of burn injury at the Massachusetts 
General Fospital, Boston.? This is an overall descriptive 
statistic arc could be misleading with regard to a specific 
. category, such as massive injuries. For this reason, step- 
wise, logist:cal regression analysis was used to control for 
the two variables (burn size and age) most often associated 
with deata (Fig 2).? The data clearly document that al- 
though survival improved for all sizes of burn injury, the 
most extensive improvement was, in fact, seen in massive 
burn injuries. It is important to note that this included the 
older age zroups. Survival is likely, but what is the quality 
of life? This is a most important question, for there is a 
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widespread belief that burned patients may survive, but 
that they are destroyed as people, and their survival is not 
worthwhile. 

To provide objective information concerning the ques- 
tion of quality of life, we carried out a long-term follow-up 
study of adult patients treated at the Massachusetts Gen- 
eral Hospital who survived a massive burn injury (M. He- 
garty, J.F.B., unpublished data, July 1, 1974, to December 
31, 1990). We learned a great deal in this study, but two 
facts stand out: First, our patients had an unprecedented 
level of determination focused on getting well and return- 
ing to society. They demonstrated unrivaled resilience, 
courage, and adaptability in dealing with their disabilities, 
so that if you did not know that disability existed, you 
would not notice it. Itis not that these patients did not have 
disability; the important fact is that their will and adaptive 
resilience overcame their handicaps. I believe this is gen- 
erally true of almost all people if they are challengec. No 
one should be arbitrarily sold short. 

Second, and directly relevant to our investigation, more 
than 80% of the patients who recover from a massive burn 
injury lead wo productive lives and contribute to so- 
ciety. Their health, as assessed by the patients themselves 
and by an experienced burn nurse, is uniformly good. 
Their work habits also show that more than 80% of these 
patients are productive and self-sufficient. This review 
evaluating the long-term quality of life of patients who 
have survived massive injuries presents convincing evi- 
dence that the popular (and in some parts medical) view 
is centered on apocryphal tales, perhaps originally based 
on isolated unusual cases. 

Clinical illustration will perhaps bring home the impor- 
tance of the findings of these studies. A 31⁄2 -year-old girl 
was admitted to the Shriners Burn Institute, Boston. She 
had been very deeply burned over 86% of her body 3 days 
before when her clothes caught fire. This accident oc- 
curred before artificial skin was available, and the patient 
was the first to be immunosuppressed and to bays 
transplantation with skin from her mother. I believe she 
was also the first person to survive an injury in which the 
third-degree burn covered more than 70% of her body. At 
age 10 years, she was a bright, outgoing child, and today 
she lives a normal, happy life. 

Similarly, a 28-year-old electrician was burned over 80% 
of his body in an industrial explosion. He has since mar- 
ried, is actively working every day, and has two children. 

Itis unthinkable to suggest that these people should not 
have been given the chance to survive their injuries. How- 
ever, the well-meaning and prevailing opinion is that pa- 
tients with large, deep burns seldom, if ever, survive, and 
if they do, have no quality of life. In addition, the cost of 
treatment is great, and because conventional wisdom 
states that survival is unlikely, it is logical to argue that it 
is unreasonable to squander scarce resources in a vain at- 
tempt. The general application of the lesson taught by 
these cases avoids two very serious problems. It tells us 
that common wisdom applied to a specific circumstance 
may be in error and that an individual may be deprived 
of reasonable treatment. 

Our examples illustrate that the conventional wisdom 
in regard to the probability of survival with an attractive 
quality of life following massive burn injury is clearly in- 
accurate. The second, and less clearly recognized, prob- 
lem directly inhibits improvement in medical practice. If 
a urbes is not attacked actively and intellectually, the 
whole community loses because there will be no improve- 
ment in our ability to provide better treatment in the fu- 
ture. If no attempts were ever made to cure patients with 
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: This is not an easy question to answer, but there are 
certain guideposts. There are, of course, instances in 
hich treatment is not reasonable because:of the negative 
ishes of the patient and the lack of a reasonable chance 
f cure. Such a conclusion, if based on:solid information, 
should be encouraged. However, it seems to me that the 
is of “the wishes of the patient" and "based on solid 
formation" are of overriding importance. Economic per- 
ectives, important as they are, should not control the 
distribution of treatment. Treatment should be provided 
. according to the directions of the individual and society. 
|. This makes the task of maintaining medical progress much 
- . simpler because the equation simplifies to cne of ensuring 
_. thatthe public hasa clear knowledge of what medical treat- 
| ment, with its cost, has to offer. There is no need to prove 
economic effectiveness. Society will make economic de- 
. . cisions in the light of its best interests. Medical progress 
_ wil continue if the population is persuaded that today’s 
(treatment is effective even though expensive, and that 
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decision when necessary? | P 
The answer is straightforward. Education is our task. . 


We xnow what is possible, ind where there is doubt, we _ 


surely are the best judges of the probability of cure. W 
know that progress, if maintained, is constant so that the 
base of public information must be constantly updated — 
through teaching. If we are objective in this teaching task 
and carefully document and update without exaggeration 
or unsubstantiated projection, clearly describing what . 
medicine can do and what may be accomplished by further _ 
investigation, we will not only have answered our ques- 
tion, we will have accepted our responsibility. | 
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Donor Limb Vascular Events Following 
Femoro-Femoral Bypass Surgery 


A Veterans Affairs Cooperative Study 


e Three hundred seventeen patients who had femoro- 
femoral bypass surgery were examined for postoperative 

vascular changes that developed in the donor limb. "Un- 
| dication developed in 7%, new claudication 





onor | m ) that became apparent when the recipient limb 
was improved. 
(Arch Surg. 1991;126:681-686) 


Meses insufficiency of the lower extremity may 
present with unilateral symptoms. In the situation of 
unilateral iliac arterial occlusive disease, a crossover 
-= femoro-femoral bypass is. a frequently used therapeutic 
-. option. with long-term benefit to the recipient limb.'? 
However, only a few reports have provided information 
on the early and late vascular changes in the donor leg. 
.. Concerns of a "steal phenomenon" and risk of donor iliac 
^ disease progression have limited the full utilization of this 
— bypass technique.** 

- In 1983, the Veterans Affairs Cooperative Study 141 was 
initiated to evaluate the comparative patency of polytet- 
rafluorethylene (PTFE), Dacron, umbilical vein, and sa- 
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postoperative vascular changes in the donor limb of these . 
patients is the basis of this report. 


SUBJECTS AND METHODS 

At 18 Veterans Affairs Medical Centers, participants in Vet- 
erans Affairs Cooperative Study 141 with femoro-femoral recon- 
structions were evaluated by a standardized history of specific 
details of claudication, rest pain, or necrosis as well as dizbetes, 
prior vascular reconstruction, heart disease, cerebral vascular 
events, smoking, and physical examination of pulses, skin 
changes, and Doppler pressure measurements of high thigh, low 
thigh, calf, ankles, and toes. These measurements were com- 


pared with the highest brachial pressure to give the leg/brachial _ : 


index (ankle, calf, low thigh, high thigh). Patients with calcified 
vessels or ankle-brachial index (ABI) greater than 0.9 in the re- 
cipient limb were excluded from the study. Patients were ex- 
cluded if they had a prior prosthetic femoro-femoral reconstruc- 
tion. Other excluding factors were nonelective indications: short 
(«1 year) life expectancy; aneurysmal disease; serum creatinine 
value above 180 pmol/L; and polycythemia (erythrocyte count, 
>7.5 x 102/L; and/or platelet count, 71000 x 10°/mm). Informed 
consent was obtained from all participants. Patients were con- 
sidered to be candidates for femoro-femoral revascularization if 
they had a good femoral pulse on the doner side and the an- 
giogram did not reveal a significant (75095) diameter reduction 
in the iliac system. The polytetrafluorethylene (PTFE) grafts (WL 
Gore Inc, Flagstaff, Ariz) were "light weight" with an external 
oe ann coil. The Dacron grafts (Bard Cardiosurgery Division Inc, 
Billerica, Mass) were knitted with an external coil. The diameter 
was either 6 or 8 mm as chosen by the surgeon. All patierts were 
treated with aspirin (650 mg/d). At each center a vascular coor- 
dinator was dedicated to enrollment and serial examination of. 
study patients. The principal investigator (surgeon) at each fa- 
cility worked with this coordinator. Postoperatively, the patients 
were examined for the current status of symptoms, pulses, and 
Doppler pressure determinations. These examinations were per- 
formed on the 1st, 5th, and 10th postoperative days and when 
discharged from the hospital. After hospita! discharge, patients 
were seen every 3 months during the first year and semiannually 
thereafter. Patients were terminated from the study only if they 


died, had an above- or below-knee amputation, or could notbe ^. 
located for at least 12 months. These data were forwarded toa 
central statistical center for computer entry, storage, and anal- 


ysis. 
For the evaluation of a steal phenomenon, the postoperative 


ABls were compared with the preoperative levels (precperative - E 


ABI). A difference of 0.10 or greater when the postoperative ABI 
was less than 0.70 or a difference of 0.15 or greater when the 
postoperative ABI was greater than 0.70 was defined as a sig- 
nificant change and was classified as a "hemodynamic steal." 
Claudication was scored as mild (pain on walking 180 m), 
moderate (45 to 180 m), or severe («45 m). Rest pain was scored 
as mild (no analgesic), moderate (controlled with analgesic), or 
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severe (uncontrolled with analgesic). The onset of new symp- 
toms and progression of preoperative symptoms as recorded in 
the first 3 postoperative months were considered indicative of a 
ossible steal phenomenon. “Unmasked” claudication was de- 
fined as the new onset of claudication in the donor limb that 
occurred in the postoperative period when the following con- 
ditions were met: (1) recipient limb had improvement in the se- 
verity level of claudication; (2) the recipient limb had 0.20 or 
greater increase in postoperative ABI; and (3) the donor limb post- 
operative ABI was greater than the preoperative level, or no more 
than 0.05 below the pre tive ABI. All other patients who had 
persistence of new claudication, rest pain, or necrosis for more 
than one postoperative visit and did not meet these criteria for 
ropat symptoms were scored asa “clinical steal.” 


FEM-FEM Bypass 
i 


Donor Limb 


Recipient Limb 


Donor Occluded/ 
Stenotic Recipient 


z 995 
Normal=9% Femoral 


Donor Normal 
Recipient Stenotic/ 
Occluded=1 7% 


Both Normal=31% 


Symptoms 
None e 
Claudication 32% 
kest Pain 44% 
Neerosis 23% 





Angiographic profile in 317 patients having a femoro-femoral (FEM- 
FEM) bypass. PTA indicates percutaneous iransluminal angioplasty. 


Preoperative Most Severe Symptom 
SS —— ee 
Preoperative No. of Rest 


RESULTS 

Three hundred fifty-three patients received a femoro- 
femoral bypass in this cooperative study. However, only 
317 cases are available for donor limb evaluation as eight 
patients had donor limb above-knee or below-knee am- 
putations, six had concomitant femoropopliteal/tibial re- 
construction, two had femoral endarterectomies, three 
diec within 30 days, seven postoperative evaluations were 
incomplete, and 10 met the criteria for postrandomization 
exclusions. The mean age of the participants was 62 years, 
19% were diabetic, 31% had prior myocardial infarctions, 
18% had prior strokes, 41% had prior vascular procedures, 
and 98% used tobacco products. The recipient limb was 
the ieft femoral in 59% of patients (P<.01). The angio- 
graphic patterns and other clinical information are shown 
in the Figure. Forty-one patients had a preoperative per- 
cutaneous transluminal angioplasty (PTA) of the donor 
iliac vessel (25 common iliac, 16 external iliac). In 45 pa- 
tients, the inflow was the patent limb of an aorto-femoral- 
femcral bypass. The average length of follow-up of these 
317 patients has been 38 months (range, 2 days to 85 
months), and 35% have been followed up for more than 
4 years. 


Clinical Symptoms 

The indications for surgery in this group of patients was 
limb salvage in 67% (44% rest pain; 23% necrosis) and clau- 
dication in 32% (Table 1). The donor limb was asymptom- 
atic im 67%; 23% had only claudication; 9% had rest pain 
and daudication; and 1% had necrosis and claudication. 
Postoperatively, donor limb claudication remained stable 
in 105 of 104 patients. The one patient with progression 
of the severity of claudication was associated with a de- 
crease in ABI from 0.72 to 0.42. New symptoms of clau- 
dication developed in 33 donor limbs (21 mild, 11 mod- 
erate, and 1 severe) and represented unmasked 
claudication in 22. New or progressive rest pain occurred 
in five patients, and only one occurred with a decrease in 
the A3I. New necrosis occurred in two patients; neither 
patiert had a decrease in the postoperative ABI. In sum- 
mary, a clinical steal occurred in 12 patients (seven also met 
criteria for hemodynamic steal). 


Early ?ostoperative Onset of New Symptoms 


M MM 


Claudicat-on 
—————M e Clinical 


Necrosis 


ABI Patients None Claudication Pain Necrosis “Unmasked” “Steal” Unmasked Steal Unmasked Steal Steal, % 
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Donor Limb Pressure Measurements 

As a group, the donor limb preoperative ABI was 0.77, 
which decreased to 0.75 in the early postoperative period. 
When subcategorized for a patent, nonstenotic superficial 
femoral artery (SFA)/popliteal arterial system in the donor 
limb, the preoperative ABI was 0.95, which decreased to 
0.90 in the early postoperative period (P<.01). If the SFA/ 
popliteal was stenotic or occhided, the preoperative ABI 
0.54 increased to 0.56 postoperatively. 

Sixty-three patients had postoperative decreases in their 
ABI that met the criteria of hemodynamic steal (Table 2). 
Eight of these patients had a clinical steal as evidenced by 
new claudication (six patients), progression of prior clau- 
dication (cne patient), and new rest pain (one patient). 
Five patients had a donor limb decrease in ABI of more 
than 0.30 associated with a postoperative ABI of 0.80 or 
less. These cases were reviewed to see if an operative ad- 
verse event could account for the large change in ABI; 
however, such an event could not be identified. One of 
these patients later required additional surgery on the do- 
nor limb (an axillo-femoro-femoral at 28 months). Sixteen 
of 75 patients with an initial donor ABI of more than 1.0 
had a decrease in their postoperative ABI of 0.15 to 0.29. 


Decrease in ABI “Hemo- 
Pedes No. oe dynamic 
ABI Patients 0.1-0.14 0.15-0.29 >0.30 Steal,” % 


0 
0 
0 
0 
0 
1 
1 
1 
5 
8 


*ABI indicates ankle-brachial index. 
tExcluded as may represent regression to the mean (see text). 


iliac PTA 
0.0-0.19 
0.20-0.29 
0.30-0.39 
0.40-0 49 
0.50-0.59 
0.60-0.69 
0.70-0.79 
0.80-0.89 
0.90-0.99 
>1.0 
Total 





*ABI indicates ankle-brachial index; PTA, percutaneous transluminal angioplasty; Ao-F/F, aorto-femoro-femoral; Ax-F/E, . 


Fem/pop, femoropopliteal; and Fem-tib, femorotibial. 
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The study statistician (K.K.L.) believes that it is more ap- 
propriate to score these cases as a statistical artifact known 
as “regression to the mean"? rather than as a hemody- 
namic steal. Regression to the mean is the tendency for 
subjects whose observed initial values are the greatest 
above the population mean, will have on repeated testing, 
values closer to the mean than the observed initial values. 
None of these 16 patients had deterioration in the clinical 
status of their donor limb following femoro-femoral by- 
pass. 


Postoperative Donor Limb Procedures 

Ten patients had donor iliac PTA in the postoperative 
period (Table 3). Three patients had their PTA performed 
within the first 60 postoperative days. None had an early 
hemodynamic steal. All other PTAs were performed later 
than 8 months postoperatively. Two of these had a he- 
modynamic steal, but the PTA was performed in the 13th 
and 14th postoperative month. An additional patient with 
a clinical steal had a PTA performed at 1 year. 

Eight patients had an "intlow" vascular procedure in the 
ostoperative period. Five had an aorto-femoro-femoral 
ypass; these were performed at 1, 10, 20, and 33 months 

postoperatively. Two patients had axillo-femora! by- 
passes: one at 10 months and one at 28 months. One pa- 
tient had an ilio-femoral bypass at 12 months. 

Nine patients had * oufilow procedures," a femoral 
popliteal or femoral-tibial bypass in the pe: e- 
riod. These were at 1, 2, 6, 10, 18, 20, 30, 30, and 44 months. 
An early postoperative hemodynamic steal had not been 
observed in any of these patients. Eight patients had a 
major donor limb amputation in the por limb, 
none of which had a hemodynamic steal. These occurred 
at 2, 3, 6, 11, 24, 30, and 60 months. 


Angiographic Correlation 

The preoperative angiograms were reviewed to evaluate 
the risk of a steal phenomenon (Table 4). Those at “high 
risk” were defined as patients who had a stenotic or oc- 
cluded donor SFA and a recipient SFA with minimal dis- 
ease; “mild risk” was if donor and recipient SFA were nor- 
mal or if donor and recipient SFA were stenotic or 
occluded; and “low risk” was if donor SFA was normal and 
recipient SFA was occluded. Using this angiographic scor- 
ing and risk stratification, the incidence of new symptoms, 
progression of symptoms, and change in donor ABI are 
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Hemodynamic Steal 
Clinical Steal, 


Risk of Steal SFA/Pop* Status 0.10-0.14 0.15-0.29 . 0.30 Total, No. (%) No. (%) 
High Donor: occlusion/stenosis 24 (8) 0 0 1 (4) 1 (4) 
Recipient: normal 
Mild Both donor/recipient: 135 (42) 5 3 21 (15.6) 3 (2.2) 
occlusion/stenosis 
Mild Both donor/recipient: normal 104 (33) 12 3 18 (17) 5 (5) 
Low Recipient: occlusion/stenosis 54 (17) 2 5 9 (18) 2 (4) 


Donor: normal 


*SFA/Pop indicates superior femoral artery/popliteal. 


listed in Table 4. The results suggest that angiographic 

stratification for risk was not a valid predictor of new 

symptoms or postoperative decreases in the ABI of the 
onor limb. 


COMMENT 

Femoro-femora! reconstruction, a surgical procedure 
designed to improve the circulation in the more symp- 
tomatic limb, must maintain stable function in the donor 
limb ifitistobea clinically appropriate treatment program. 
Ever since the introduction of femoro-femoral bypass pro- 
cedures, there has been concern that blood would be di- 
verted from the donor limb, causing a steal phenomenon. 
This fear was allayed somewhat by the demonstration by 
Ehrenfeld et alë that the healthy canine iliac artery could 
support a flow up to 10 times the resting value. The im- 
portance of the donor iliac vessel for the development of 
the steal syndrome was presented by Sumner and Strand- 
ness* and Trimble et al who developed laboratory models 
to evaluate this clinical situation. Distal donor limb arterial 
stenosis or occlusion was necessary for the steal phenom- 
enon, and recipient outflow will determine the magnitude 
of the steal. 

The results in our study suggest that when donor iliac 
inflow is adequate as determined by angiography and 
pulse examination, a clinical steal from the donor limb is 
a rare (3%) event. An asymptomatic hemodynamic steal 
as manifested by postoperative decreases in ABI may have 
occurred in an additional 12% of patients. These obser- 
vations are supported by those of Flanigan et al? who noted 
no symptomatic deterioration in the donor limb of 51 pa- 
tients, although 80% of these patients had a mean decrease 
in their ABI of 0.12. Later, Harris et alé examined a subset 
of 44 patients who only had claudication as the indication 
for surgery and measured the 1-minute postexercise donor 
limb ABI for evidence of a hemodynamic steal. this 
measurement, a steal may have occurred in 45% of their 
donor limbs. However, “walking distance” was not de- 
creased, suggesting that these changes were asymptom- 
atic. Itis also possible that the postoperative improvement 
in the recipient limb allowed more patients to walk the full 
5 minutes, which would have unmasked a decrease in the 
postexercise AB! in the donor limb. Dick et al? did not 
report any clinica! steal in their 133 patients. 

ecently, Lee and Baird? used a transcutaneous lex 
ultrasound scanner to evaluate flow in the bypass and do- 
nor femoral artery distal to the bypass during reactive hy- 
peremia of the recipient limb. A steal (reduction in flow 
22576) was observed in 16 limbs, 10 of which had a known 
significant donor iliac stenosis. New postoperative donor 
limb symptoms developed in five patients, but only three 
had a steal by ultrasonic flow evaluation. The other two 
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represented an unmasking of previously silent donor limb 
arterial ischemia. The recent study by Nicholson et al!! 
suggests that when patients have a significant donor iliac 
stenosis, postoperative decreases in the ABI will occur in 
the conor limb and are frequently symptomatic. 

In this study, adequacy of donor limb inflow for femoro- 
femcral reconstruction was dependent on preoperative 
angiography and adequacy of femoral pulse at rest. Flan- 
igan et al? have suggested that these criteria to evaluate 
inflow at rest may not detect critical iliac stenosis and sug- 
gest that direct measurement of femoral arterial pressure 
and the response to a papaverine hydrochloride injection 
will mprove the evaluation of an iliac stenosis. In this 
study, however, the frequency of donor limb ischemia was 
low. We would recommend that direct femoral pressure 
measurements and response to papaverine be used se- 
lectively when the degree of stenosis on angiogram or the 
quality of the femoral pulse is thought to be abnormal. 

Vascular reconstruction by the femoro-femoral bypass 
presents a unique situation in that the symptomatic limb 
may conceal symptoms of arterial insufficiency in the do- 
nor mb. The development of donor limb ischemic symp- 
toms postoperatively does not necessarily mean that a 
steal syndrome is occurring. The abolition of symptoms in 
one leg may unmask previously less severe arterial insuf- 
ficiency in the other leg. This probably occurred in two 
thirds of the patients who had development of new clau- 
dication in the donor limb in this study. These patients had 
no decrease in their postoperative ABI, but they are now 
able to stress their donor limb to a greater walking distance 
because of the improvement in the recipient limb. 

Orly a few series on femoro-femoral reconstruction 
have reported the frequency of postoperative inflow vas- 
cular procedures to correct a donor iliac stenosis. Davis et 
al? reported that two of 53 patients required inflow pro- 
cedures at 6 and 12 months, while Dick et aP reported that 
five of 133 patients required a late aorto-femoro-femoral 
bypass. In this series, 18 patients (5.6%) required post- 
operative inflow procedures (10 iliac PTA and eight vas- 
cular bypasses) suggesting that the femoro-femoral by- 
pass with the increased donor iliac flow may be protective 
of progressive arterial stenosis in the donor iliac system. 

A predominance (59%) of left-sided iliac stenosis/ 
occlusion was observed in this series. This has also been 
noticed by Dick et al? (60%), Harris et al6 (61%), and Shah 
et al? (69%). It has been suggested that the wider angle 
of taxeoff of the left iliac system may be a predisposing 
factor to this occurrence, !? although an alternative hypoth- 
esis that the right leg receives greater exercise (gas pedal 
pushing) may be equally valid. 


Donor Limb Vascular Events — VA Cooperative Study 






pective study validates the continued 


? supp femoral vascular reconstruction in pa- 
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Discussion 

Frank PomroseLLi, MD, Boston, Mass: Dr Johnson and his col- 
leagues have shed some light on an often discussed, but infre- 
quently studied, potential complication of femoro-femoral by- 
pass grafting. Since the first reports of the modern femoro- 
femoral bypass by Vetto,! concerns have been raised about the 
possibility of inducing ischemia in the donor limb by the graft 
stealing blood to the contralateral side. Experimental stucies by 
Ehrenfeld et al demonstrated that the normal iliac artery can 
increase blood flow 10-fold. This far exceeds the twofold increase 
that occurs in the donor iliac artery after a femoro-femoral bypass. 
The works of Sumner and Strandness and Trimble and others 
have demonstrated that a steal is physiologically feasible in the 
face of an iliac artery stenosis in the donor limb. Despite these 
theoretic concerns, the occurrence of a clinically overt steal in 
several clinical series has been rare to nonexistent. This may be 
due to the fact that most centers carefully evaiuate the adequacy 
of the donor limb for inflow by a combination of biplanar an- 
giography and hemodynamic studies, usually looking fora pres- 
sure gradient across the donor iliac artery during angiography. 

In this series, the authors differentiate between a hemody- 
namic steal, characterized by reduction in the postoperative do- 
nor limb ABI of at least 0.1 to 0.15, which was found in 23% of 
their patients, and the clinical steal, manifested by worsening 
claudication, new claudication, or rest pain, concomitant with a 
reduction of the postoperative ABI, which was found in only 3% 
of their patients. Several authors have noted reduction in the 
postoperative donor limb ABI. As previously stated, clinical 
symptoms have been exceedingly rare. While low, the authors' 
incidence of 3% of clinical steal is higher than other reported 
series and raises some questions. | 

(1)Is bs eat that you performed bypasses in some patients . 
with occult significant donor iliac stenosis, since you did not rou- - 
tinely look for a pressure gradient across the donor iliac artery 
during angiography? Most of your patients with so-called clinical 


steal had claudication as their manifested symptom, which was : 


graded as mild, moderate, or severe according to a walking dis- 


tance tolerated. This is a multi-institutional study. (2) Was this ER 
determined in a standardized fashion orby patient history? There 
is no mention of the use of completion angiography orangiog- 


raphy to evaluate new ischemic symptoms in the donor limb in 
patients. This is relevant since it is our belief that many so-called 
steal phenomena following a femoro-femoral bypass may rep- 
resent technical defects at the donor anastomosis. (3) Was this 
possibility investigated in your eight patients with clinical steal? 

Wuar C. Jounson, MD, Boston, Mass: Three cogert points 
have been brought up. (1) The adequacy of the inflow. The ma- 
jority of vascular surgeons depend on the quality of the femoral 
pulse and the angiogram. It has been suggested that a stress test 
in which one injects papaverine may prcvide an even better as- 


surance that the inflow is adequate. Probably only 3% to 10% of E 


pe may have had an occult iliac stenosis as indicated by a 
emodynamic or clinical steal in this report. However, when one 
looks at how many patients had either a PTA or inflow vascular 
procedure in the early postoperative period, there were only four 





Donor Limb Vascular Events — VA Cooperative Study 685 














Arch Surg—Vol 126, June 1991. 







d not use treadmill testing asa stan- tients who had operative i 
ito ication but depended on the pa- — — period, these procedures 
ssment. That is always a little bit ofa "soft" ^^ technical faults. "Knock c 








VOOG a 








ARCHIVES OF INTERNAL MEDICINE 


Weight Gain at the Time of Menopause 


Rena R. Wing, PhD; Karen A. Matthews, PhD; Lewis H. Kuller, MD; 
Elaine N. Meilahn, PhD; Pam L. Plantinga, MPH 


We studied prospectively the weight change and the effect of weight change on 
changes in coronary heart disease risk factors in a population-based sample of 485 
middie-aged women. All women were studied first in 1983 to 1984, when they were 
premenopausal and aged 42 to 50 years, and then restudied in 1987. Women gained 
an average of 2.25 4.19 kg during this 3-year period; 20% of women ained 4.5 kg 
or more, and only 3% lost 4.5 kg or more. There were no significant differences in 
weight gain of women who remained premenopausal and those who had a natural 
menopause (-- 2.07 kg vs +1.35 kg). Weight gain was significantly associated with © 
increases in blood pressure and levels of total cholesterol, low-density lipoprotein - 






the early postoperati 
tn > not related to 
ippears that in these 317 
dventures to the donor ~ 








cholesterol, triglycerides, and fasting insulin. Weight gain is thus a common occurrence |. 


| for women at the time of menopause and is related to the changes in coronary heart. 


disease risk factors observed during this period. Efforts to lose weight orto prevent- qp 
weight gain may help to mitigate the worsening in coronary heart disease tisk factors — . 


| in mide e-aged women (Arch Intern Med. 1991;151:97-102). LM. 
i Reprint requests to Western Psychiatric Institute and Clinic, 3811 O'Hara St, Pittsburgh, : 


PA 15213 (Dr Wing). 
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Patterns of Venous Insufficiency 
in Patients With Varicose Veins 


Lawrence M. Hanrahan, MD; Gregory J. Kechejian, MD; Paul R. Cordts, MD; Agustin A. Rodriguez, MD; 
Clifford A. Araki, PhD; Wayne W. LaMorte, MD, PhD; James O. Menzoian, MD 


@ The nature and distribution of venous disease surrounding 
the development of varicose veins and its treatment is con- 

- troversial. Using duplex pail abl we evaluated 54 
lower extremities in 32 patients with varicose veins who 

- were symptematic and had obvious varicose veins by clinical 


examination. Twenty-eight percent had greater saphenous 
trunk incompetence, 2% had lesser saphenous trunk incom- 
petence, and 96% had branch disease. Deep valvular in- 
competence was seen in 41%, saphenofemoral junction in- 
competence in 46%, and incompetence of one or more 
-perforators in 46% of the extremities. Thirty-three pem 

'. demonstrated no evidence of associated saphenofemoral 
. junction, deep vein, or perforating vein incompetence, while 
.: 2096 had cencurrent saphenofemoral junction, deep vein, 
_and perforating vein incompetence. These data support the 


- heterogeneity of venous disease seen in patients with var- 
icose veins and suggest that surgical therapy be directed to 


a patient's spe cific pattern of incompetence rather than rou- 


tine saphenofemoral junction ligation or stripping of the 
greater saphenous trunk. 
(Arch Surg, 1991;1 26:687-691) 


he nature and distribution of venous disease sur- 
rounding the development of varicose veins and its 
optimal treatment is controversial. The relative contribu- 
-tion of primary vein wall disease, saphenofemoral incom- 
— petence, perforator vein function, and deep venous in- 
tegrity in the cause and progression of symptomatic 
varicose veins has been debated for decades. Given the 
estimate that 15% to 20% of the adult US population has 


* 


varicose veins, the magnitude of this problem and the im- 


sity Medical Center, 88 E Newton St, Boston, MA 02118 (Dr Men- 
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this report to provide a duplex ultrasound characterization |. | 
of the venous disease in patients with symptomatic var- ^. 
icose veins. m 


PATIENTS AND METHODS : 

This report is based on the evaluation of 54 lower extremities ^ 
in 32 patients seen from March 1989 to April 1990 at Boston (Mass) 
City Hospital and University Hospital vascular clinics with com- 
plaints of varicose veins. All extremities (54) included in this 
study were symptomatic and had obvious varicose veins by clin- 
ical examination. Only patients with class 1 or 2 chronic venous 
insufficiency, as defined by Porter et al,? are described. No pa- 
tients with dermatoliposclerosis, eczematous changes, or ulcer- 
ative or preulcerative skin changes, or a history of such, are in- 
cluded. 

A detailed history focusing on venous disease and treatment o 
was performed in all cases. All patients underwent a complete — 
venous examination of their symptomaticleg(s) with a standard ^. 
duplex scanner (8-MHz transducer integrated with an 8-MHz 
pulsed Doppler, Biosound Inc, Indianapolis, Ind). The scans . 
were performed and interpreted by either an experienced phy- 
sician or senior vascular technician. 

Duplex ultrasonography was performed with all patients su- 
pine and prone on a standard tilt table in a 45° to 60° reverse 
Trendelenburg position. The greater and lesser saphenous veins 
(GSV, LSV), both trunks and branches, were thoroughly 
scanned, and areas of incompetence were noted. Their location 
was recorded using an vier zone system similar to that 
described by Karkow et alé and mapped on the leg with an ine — 
delible marker. In brief, zone 1 is the region just above the in- -= 
guinal ligament, zones 2 through 4 are between the inguinellig- — 
ament and midpatella, zones 5 through 8 are betweer the . __ 
midpatella and the malleolus, and zone 9 is the area just below 
the malleolus. Su 

A “milking technique," consisting of a gently sweeping motion = 
of the examiner's index finger in a retrograde direction over the 
segment of vein visualized by duplex imaging, was used togen- 
erate reversal of flow. This was done because standard ap-- 
proaches used to generate reversal of flow (Valsalva's maneuver, — 
manual compression) are ineffective in the superficial system. - 
Using this technique, demonstration of bidirectional flow bv du- 

lex imaging signified incompetence in that segment of super- 
icial vein. : 

The valvular integrity of the deep venous system (competence | 
or incompetence) was also determined using the integrated 
pulsed Doppler. The saphenofemoral junction (SFJ), common. 
femora! vein (CFV), superficial femoral vein, and popliteal vein: 
areas were specifically evaluated. An attempt to elicit reflux wa 
made by Valsalva’s maneuver, proximal and distal manu le 
compression, or having the patient blow into a rubber g 
Demonstration of bidirectional flow signified incompetence 
addition, the iliac veins were indirectly evaluated using 
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pulsed Doppler. A spontaneous and phasic signal at the level of 
the CFV suggested proximal patency, while a continuous signal 
indicated proximal obstruction. 

Perforating veins were evaluated utilizing the technique de- 
scribed by Hanrahan et al.” Perforating veins were defined as 
vessels penetrating the muscular fascia. Valvular integrity was 
again determined by documenting unidirectional (competent) or 
bidirectional (incompetent) flow. When a perforating vein was 
found, its location was charted by zone as described above. Ev- 
idence of acute or chronic thrombus in any ofthe aforementioned 
venous systems was determined using the criteria developed by 
Karkow et al.6 


RESULTS 

The mean (+SEM) age of the patients was 42.4+1.76 
years (range, 26 tc 67 years). Twenty (63%) were female 
and 12 (37%) were male. Fifteen (75%) of the females had 
given birth, with a mean of 4.2 children per mother. The 
mean duration of symptoms was 15.0 years (range, 1 to 
40 years). A clinica! history of deep vein thrombosis (DVT) 
or superficial phlebitis was obtained in six (11%) and four 
(7%) extremities, respectively. Prior intervention included 
partial phlebectomy in seven (13%), complete GSV strip- 
ping in two (4%), some form of sclerotherapy in eight 
(15%), Smite hosiery in 47 (87%). Ne patients had 
had perforator ligation or an operative procedure on the 
deep veins. Racial composition was as follows: 17 (53%) 
were white, eight (25%) were Hispanic, and seven (22%) 
were black. Twenty-two patients (69%) had bilateral 
symptomatic disease, often of similar severity. 

None of the extremities evaluated had evidence of prox- 
imal iliofemoral venous obstruction by duplex scanning, 
although a physiologic test for proximal o ction was 
not carried out. In 50 (93%) of 54 extremities, no evidence 
of prior DVT was seen by duplex. In contrast, four (7%) 
of 54 extremities had evidence of DVT with recanalization 
in some aspect of the deep venous system.5 Five extrem- 
ities (9%) had duplex evidence of chronic superficial 
thrombophlebitis. 

Table 1 summarizes the location of incompetent super- 
ficial vein segments relative to the GSV and LSV trunks 
and the many branches of the superficial system. Almost 
three quarters (39/54 [72% |) of the extremities manifested 
branch incompeterce alone. When present, trunk incom- 
petence was almost always associated with branch incom- 
petence. Incompetence in the LSV trunk was rare when 
compared with incompetence in the GSV trunk. Incom- 
petent branch segments were infrequently found in con- 
tinuity with the main saphenous trunk, and when they 
were, the main trunk was usually normal. This was par- 
ticularly evident in posterior arcade varicosities and in oc- 
casional lateral calf varicose segments. 

The location of superficial incompetence relative to the 
previously Acres zones of the leg is given in Table 1. 
Nearly three quarters (39/54 [72%]) of the examined legs 
demonstrated superficial incompetence in zone 5, while 
at least half of the legs demonstrated incompetent seg- 
ments in zones 6 and 7. Varicose segments limited to zones 
1 and 2 were less frequent. 

The distribution of deep vein it Bii: is given in 
Table 2. Forty-one percent (22/54) of the extremities had 
at least one incompetent deep vein valve, often the CFV. 
This valve was the only incompetent deep vein valve in 
17% of the extremities. In addition, 7% of the extremities 
had all three deep vein valves incompetent (CFV, super- 
ficial femoral vein, and popliteal vein). 

Two hundred ninety-one perforating veins were iden- 
tified among the 54 extremities (mean, 5.4 per leg; range, 
two to 14), and 63 (22%) were incompetent. These 63 in- 


688 Arch Surg—Vol 126, June 1991 





No. (%) 
Location of Extremities 
Branches only 
GB 22 (41) 
LB 4 (7) 
Both 13 (24) 
Trunks and branches 
GT and GB 8 (15) 
GT, GB, and LB 4 (7) 
GT and LB 1 (2) 
Trunks only 
LT O (0) 
GT + (2) 
Both 1 (2) 
Total 54 (100) 
Zone 
1 6 (11) 
2 20 (37) 
3 19 (35) 
4 24 (44) 
5 39 (72) 
6 36 (67) 
7 27 (50) 
8 22 (41) 


“Explanation of zones is given in the text. GB indicates greater 
saphenous vein branch; LB, lesser saphenous vein branch; GT, greater 
saphenous vein trunk; and GB, greater saphenous vein branch. 





No. (96) 
Location of Extremities 

CFV 9 (17) 
SFV O (0) 
POPV 3 (6) 
CFV and SFV 2 (4) 
CFV and POPV 2 (4) 
SFV and POPV 2 (4) 
CFV, SFV, and POPV 4 (7) 


Total 22 (41) 


*CFV indicates common femoral vein; SFV, superficial femoral vein; 
and POPY, popliteal vein. 


competent perforating veins were found in 25 extremities 
(mean, 2.5 per leg; range, one to six). The anatomic lo- 
cation of incompetent perforating veins is given in Table 
3. Ninety-two percent (58/63) were at or below the level 
of the knee, with the greatest number in zone 6. In only 
two extremities (3%) was a midthigh (hunterian) perfo- 
rator found to be incompetent. Case-by-case analysis 
failed to reveal any consistent relationship between the 
location of incompetent perforating veins and superficial 
incompetence determined by duplex scanning. An incom- 
petent perforating vein was only occasionally found to be 
in direct continuity with an area of superficial incompe- 
tence. 

The overall association of SFJ, deep vein, and perforat- 
ing vein incompetence to varicose veins and the location 
of superficial incompetence can be seen in Table 4. All 
extremities, by definition, had superficial incompetence. 
Thirty-three percent of the extremities had no incompe- 
tence of the SFJ, deep veins, or perforating veins, and it 
was this subgroup that demonstrated the greatest amount 
of superficial incompetence. Four extremities (22%) in this 
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Zone No. (%) of Veins 

1 0 (0) 

2 2° (3) 

3 O (0) 

4 3 (5) 

5 11 (17) 

6 22 (35) 

7 13 (21) 

8 12 (19) 
Total 63 (100) 


*Explanation of zones is given in the text. 


Location of 
Superficial 
Incompetence 
No. (99) of ————^— — 


Location Extremities Branch Trunk 


None (superficial incompetence 
only) 18 (33) 


SFJ 5 (9) 
Deep 2 (4) 


Perforating 4 (7) 
SF) and deep 4 (7) 
SF) and perforating 5 (9) 
Deep and perforating 5 (9) 
All 3 11 (20) 
Total 54 (100) 


oO — INO 0- + 


*SFJ indicates saphenofemoral junction. All trunk disease involved 
the greater saphenous vein except in the “none” category, where there 
was one incompetent lesser saphenous vein trunk. 


subgroup had trunk incompetence, and 17 (94%) had 
branch incompetence. Twenty percent of the extremities 
had combined SFJ, deep vein, and perforating vein in- 
competence, with more than half having saphenous trunk 
incompetence and all possessing branch incompetence. 
Isolated deep vein or perforating vein incompetence oc- 
curred in only 4% and 7% of extremities, respectively. 

Saphenofemoral junction incompetence, as an isolated 
finding, was found in only five (9%) of the extremities. 
Only one of these had an incompetent saphenous trunk, 
but all had branch incompetence. Overall, 25 extremities 
(46%) were found to have saphenofemoral incompetence, 
a approximately half had one or more incompetent per- 
orators. 


COMMENT 

Our results demonstrate the high frequency and broad 
distribution of valvular incompetence in patients with 
symptomatic varicose veins. Many patients had deep 
and/or perforator incompetence, almost always without 
evidence of prior DVT. Saphenofemoral junction incom- 
petence was common but rarely as an isolated finding. 
Incompetence was much more frequent in the branches of 
the GSV and LSV than in the main trunks, and normal GSV 
poda were often present, even with widespread branch 

sease. 
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Deep venous insufficiency has been thought by many 
to be rare in the absence of prior DVT. Among the 22 ex- 
tremities with deep venous incompetence, 19 (86%) had 
no duplex evidence of prior thrombotic disease, support- 
ing “primary” deep valvular incompetence as a cause." 
This deep incompetence is possibly due to the same factors 
causing superficial incompetence and varicosities. It is un- 
likely that these patients are avalvular or have “the floppy 
valve" abnormality described by Ferris and Kistner.? The 
presence or absence of valve cusps is sometimes difficult 
to determine by duplex, thereby making it impossible to 
rule these abnormalities in or out definitively. 

Incompetent perforating veins were often seen in this 
patient population. In this study, they were identified in 
almost half of the extremities, almost always below the 
knee, and were not predictive of the location of superficial 
incompetence. This argues against incompetence of the 
perforating system as a principal cause of varicose veins. 
As Browse” suggests, incompetence and varicosities can 
occur in any lower extremity vein in these patients. There- 
fore, it is less surprising that 20% of extremities had com- 
bined superficial, deep, and perforator incompetence. In 
the absence of a specific incompetent perforating vein 
feeding a superficial varicosity, routine perforator ligation 
without regard to its competence or location seems un- 
warranted. 

We have demonstrated that SFJ incompetence is not a 
prerequisite for varicose vein formation. Anatomic studies 
have shown an absence of valves in and above the CFV 
in 20% to 40% of clinically normal individuals.!? Even in 
the presence of SFJ incompetence, an incompetent main 
trunk was unusual. This suggests that routine SF] ligation 
may be unnecessary in many patients suffering from 
symptomatic varicose veins. 

The relative infrequency of main trunk incompetence 
and overwhelming frequency of branch incompetence 
should be emphasized. One possible explanation is that 
the GSV has a well-developed muscular media and a layer 
of fibrous tissue that secures it to the deep fascia, while 
branches have less smooth muscle and lie unsupported in 
the superficial subcutaneous tissue. Of interest is the rar- 
ity of LSV trunk incompetence. Perhaps the subfascial lo- 
cation of its proximal half to two-thirds provides external 
support, which reduces the incidence of varicosity.'* Rou- 
tine LSV stripping when operating on the GSV system 
seems unnecessary. Utilizing a more selective therapeutic 
approach based on duplex ultrasound findings, the pres- 
ervation of healthy saphenous trunks for potential use as 
coronary or peripheral bypass conduits is possible. This 
has been proposed by others based on findings of saphe- 
nous trunk competence using hand-held Doppler ultra- 
sonography.?14 We believe similar satisfactory surgical re- 
sults should be achievable without the extirpation of 
competent superficial or perforating veins. 

Clinical evaluation, hand-held Doppler ultrasonogra- 
phy, and phlebography all have complementary roles in 
the management of venous insufficiency. O'Donnell et al’ 
found that clinical assessment, venography, and Doppler 
ultrasound were each about 50% accurate in localizing the 
site of incompetent perforators; venography demon- 
strated few false positives but markedly underestimated 
the number found at surgery. Together, clinical assess- 
ment and venography were 87% accurate without an in- 
crease in false positives. We agree with the need for careful 
and accurate preoperative venous evaluation; however, 
we believe duplex scanning offers several advantages over 
phlebography in this setting. 
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. Venography, 


vencus anatomy for the better part of this century, is rap- 
idly being supplanted by duplex ultrasound as the diag- 
nostic procedure of choice for DVT in many medical cen- 
ters. The technique of venography to define incompetent 
perforating veinsis well described but must be understood 
to underestimate and misjudge the number and location 
. of perforating veins." Venography is expensive, in- 
.. volves radiation exposure, has several well-known com- 
- plications, is uncomfortable for many patients, and re- 
` quires significant expertise in its performance and 
. interpretation. Ir: addition, a descending phlebogram is 
: Ed necessery to assess proximal valvular reflux. As 
, . thecenditicn of each venous system influences the nature 
.. and eutcome of therapy, complete preoperative venous 
assessment is essential. 
|... In our experience, duplex scanning provides direct an- 
. atomic and functional information on the entire venous 
_ System relevant to the treatment of varicose veins, and is 
|. tisk free, inexpensive, and well tolerated bv patients. In- 
_. competent superficial segments and the sites of incom- 
,  Petentperforating veins can be completely mapped on the 
. . Skin with an indelible marker, greatly facilitating their in- 
traoperative identification. Pertorating vein competence is 
_ accurately assessed by functional criteria. It is, however, 
_ time consuming, with studies ranging from 30 to 45 min- 
.. utes per leg. In addition, 3 to 6 months of training under 
... the guidance of a technician or physician experienced in 
|. this technique is required before reproducible results are 
obtained. 
... Given the ubiquitous nature of incompetence seen in 
. patients with symptomatic varicose veins, the surgical ap- 
_ proach to this grcup of patients must be individualized. 
.. Athorough preoperative evaluation to identify specificar- 
_ eas of venous disease is essential for guidance of operative 
intervention. The patient with symptomatic branch in- 
_ competence but with a competent SF], a normal deep sys- 
tem, and no incompetent perforators (33% of our patients) 
_ Would receive selective ligation and stripping of the in- 
_ competent branches in our institution. Indiscriminate 
stripping of the G5V or LSV trunks seems unwarranted. 
.. In patients with multisystem incompetence, selective in- 
.. tervention might best begin with the incompetent super- 
. ficial and/or perforating veins, although we have no long- 
term data to support this concept yet. 
The frequent finding of associated deep and perforating 
.. vein incompetence in patients with symptomatic varicose 
. veins raises a number of interesting questions. Is surgery 
. on the superficial or perforating veins warranted in pa- 
. tients with multisystem incompetence? Is the recurrence 
_ Yate higher after surgery in this group? Might these pa- 
_. tients be clinically worsened by stripping of the GSV, say, 
if they have concomitant deep valvular incompetence? 
These questions will remain unanswered unless we de- 
velop a clear understanding of the distribution of valvular 
incompetence and the natural history of the disease in this 
patient population. We believe that duplex uitrasonogra- 
phy can make an important contribution to the evaluation 
and treatment of this pandemic condition. 
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Discussion 

MicHaEL Hume, MD, Boston, Mass: The Duplex ultrasound 
technique for studying the pattern and distribution of vein in- 
competence in varicose veins is applied here in a large number 
of extremities with a thoroughness which I find extremely im- 
pressive. It iig us a very valuable insight which has not been 
available before. There may be differences in technique and dif- 
ferences in the type of ultrasound, but my suspicion is that the 
deem that has been described by Dr Hanrahan is going to be 

ound when other techniques like this are applied. 

The question that should immediately arise was politely hinted 
at in the summary. What does this tell us about a routine op- 
eration ‘or varicose veins with high ligation of the SF] and strip- 

ing in every case? The evidence herein does not support that. 
eventy-two percent of the patients had only branch vein in- 
competence, and half did not have any incompetence at the SF]. 
A less radical approach than high ligation and stripping of all 
certainly is justified by the results that we have heard. 

Two excellent reports are cited in this article in which the long 
trunk ofthe saphenous vein was left intact. Since we began using 
veins for bypasses, I have thought that the stripper is part of the 
problem, not part of the solution. The vessel removed at the time 
of stripping commonly looks normal. Observations made by 
Dodd and Cockett, by Cotton, rem and by others, includ- 
ing Sherman back in the 1940s, have indicated that whereas the 


branches are frequently varicose, the long trunk is commonly 
spared, probably because it does have a subfascial location under 
the deep layer of the superficial fascia. In an attempt to make a 
 bitofajckeaboutthis, about 15 years ago I presented a discussion 


to the Massachusetts Chapter of the American College of Sur- 
geons and suggested that there should be a Society for the Pres- 
ervation of the Main Trunk of the Long Saphenous Vein. This 
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ave no bylaws or meetings or officers, but wel- ^ iliac and CFV system, and was then seen out in a branch o the 
ions pti ondence. Iwas delighted when `. GSV. These incompetent branches then moved down the medial, 
1 Large from Hobart, Tasmania, proved that the anterior, or sometimes lateral aspect of the leg. Therefore, there - 
ients treated prospectively with this conservative existed a column of blood with no intervenin valves froma the 
nd did equally well as those in whom the long iliac-common femoral system, down through the superficia sys- - 
| stripped out. This was printed in the Journal of B 
yin’ 
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Intraosseous Infusion of Dobutamine and Isoproterenol 


John F. Bilello, MD; Kevin C. O'Hair, DVM; 
William C. Kirby, MD; John W. Moore, MD 


Intraosseous infusion has been advocated as an emergency route in sick infants and 
children when intravenous accessis not readily obtainable. Dobutamine hydrochloride 
and isoproterenol hydrochloride are useful emergency drugs that have not been stud- 
ied when administered into the bone marriow. In a swine model, we com ared the 
physiologic responses (heart rate, arterial pressure, and cardiac output) of dobutamine 
and isoproterenol infusions delivered intravenously and Rape eer during — 
20-minute intervals. We observed statistically significant effects of both dobutamine 
and isoproterenol delivered by the intraosseous route. In addition, the effects resulting 
from intraosseous infusion were statistically similar to those resulting from intravenous 

. administration of these drugs. We conclude that the intraosseous infusion of do- 
butamine and isoproterenol is an effective and useful method for emergency admin- 
istration of these medications (A/DC.1991,145:165-167). | | 

— Reprint requests to Chief, Section of Pediatric Cardiology, Walter Reed Army Medical 

Center, Washington, DC 20307-5001 (Dr Moore). 
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An Extensive Experience With Postoperative Pain Relief 
Using Postoperative Fentanyl Infusion 


Bruce B. Chien, MD; Richard G. Burke, MD; Dana J. Hunter, RPh 


_ @ From October 1, 1987 through December 31, 1989, 517 
(22 patients who were undergoing both theracic and abdominal 
.. Surgical procedures were treated for postoperative pain with 
... epidural fentanyl citrate infusion under the direction of an 

_ anesthesia pain service. Infusion rates of 4 pg/mL of solution 
were essentially the same for all subjects. Sixty-five percent 
of patients experienced superior pain control without the 
use of adjunctive analgesia. Twenty-eight percent of subjects 

. achieved satisfactory pain control but required additional 

-. low-dose anaigesics. Only 7% of patients remained uncom- 
-fortable despite additional intravenous narcotic administra- 
.. tion. There were no deaths or respiratory arrests. Six percent 
.. of patients experienced nausea, and 0.3% of the cohort re- 
.. quired catheterization for urinary retention. This technique 
... of postoperative pain control was safe and provided excel- 

lent results. Catheter position was a major determinant of 

the efficacy of the method. 

(Arch Surg. 1991;126:692-695) 


— $ ince the pioneering work of Bromage and colleagues, !2 
.. «7 much has been written to substantiate the superiority 
-of the epidural narcotic analgesia in the postoperative 
_ State? However, when the anesthesia service at our 450- 
... bed community referral hospital established an anesthesia 
. pain service, there was little evidence to suggest that such 
_ à service could be successfully implemented outside an 
.. academic setting as that described by Ready et al.* There- 
. fore, since the development of our acute pain service, we 
.. have meticulously maintained coded records of the out- 
. come of each epidural narcotic administration. Data that 
pertained to selection of infusion site, dosage, quality cf 
analgesia, and presence of side effects were compiled. 


MATERIALS AND METHODS 
oo Following the :nitiationof the first morphine epidural infusions 
< at our hospital in 1985, a set of protocol orders were written and 
.. adopted as "usual" practice within our department. Our prelim- 
. inary experience with mechanical respiration monitoring was 
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cause of ciscomfort, but in which the patient remain 
fortable thereafter, were as follows: 


discouraging, in that no device was found that could reliably 
detect ventilatory compromise without excessive false positives. 
Therefare, it was decided to intensively train two selected sur- 
gical wards and to rely on "human" monitoring: respiratory rates 
were recorded every hour after the initial dose, after any addi- 
tional intravenous narcotic administration, and after any increase 
in the epidural infusion rate, as reported by Leicht et al,5 for up 
to 12 hours. The administration of all narcotics became the ex- 
clusive responsibility of the anesthesia pain service, which was 
available 24 hours per day. 

Durirg the ensuing months, referrals to the service increased, 
and in September 1987, the service was providing consultation 
to approximately 25 patients per month. At this time, protocol 
orders were adopted to cover the epidural infusion of entanyl 
citrate, including the use of "as-required" intravenous narcotics. 
Respiratory rates were recorded hourly for 4 hours after initiation 
of the irfusion and after any additional narcotic administration. 
Cathete-s were placed, and position was confirmed by the in- 
jection of local anesthetic. A bolus of fentanyl citrate was ad- 
ministered before incision, usually 50 to 100 ug in 5 to 10 mL of 
saline sclution. Infusions were begun with 4 i.g/mL of epidural 
fentanyl citrate. The actual choice of infusion rate and bolus size 
was determined by each anesthesiologist, who was guided by his 
own interpretation of available data. 

The pzesence of pain and of side effects was elicited through 
direct questioning of the patient by the rounding anesthesiolo- 
gist. Nursing staff provided data when patients were deemed to 
be unrel.able historians. All patients’ previous days’ analgesia 
was rated on an 11-item outcome scale by an anesthesiologist who 
was rarely the initiating anesthesiologist. The possible outcomes 
were as -ollows: 


1. Comfortable, not requiring intravenous narcotic, no side 
effects, 
2. Comfortable, not requiring intravenous narcotic, nausea or 
pruritus present. 
3. Comfortable, not requiring intravenous narcotic, urinary 
retention present. 
The outcomes with additional intravenous narcotic given be- 
cause of discomfort were as follows: 
4. Intravenous narcotic given, no side effects. 
5. Intravenous narcotic given, nausea or pruritus present, 
6. Intravenous narcotic given, urinary retention present. 
The outcomes with additional intravenous narcotic given be- 
uncom- 


. 7. Painful, intravenous narcotic given, no side effects. 
8. Painful, intravenous narcotic given, nausea or pruritus 
present. 
9. Painful, intravenous narcotic given, urinary retention 
present. : 
Other outcomes were as follows: 
10. Respiratory depression (respiration rate, <8/min). 
“IL Technical failure due to catheter disruption. 
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Outcome Key 

E Painful, +N/V/P 

BS] Painful, -SEs 

CJ IV Narcotic, +R 

CJ IV Narcotic, +N/V/P 
IV Narcotic, -SEs 
C] Comfortable, +R 
[A Comfortable, +NAV/P 
Wll Comfortable, -SEs 
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Fig 1.—Postoperative outcomes with epidural fentanyl. N denotes 
nausea; V, vomiting; P, pruritus; SEs, side effects; IV, intravenous; 
and R, urinary retention. 


Infusion 
Site Site 


Thoracic Abdomen 


inz99) 
Outcome Key 
EJ Painful, - N/V/P 
Lumbar Abdomen E Painful, -SEs 
(n=310) 


CJ IV Narcotic, +R 
C IV Narcotic, +N/V/P 
Thoracic Chest 


G3 IV Narcotic, -SEs 
CJ Comfortable. +R 
EZ] Comfortable, +N/V/P 
EE Comfortable, -SEs 


Lumbar Chest 





0% 25% 50% 75% 100% 
Fig 2.—Postoperative outcomes, catheter location, and site of sur- 
gery. N denotes nausea; V, vomiting; P, pruritus; SEs, side effects; 
IV, intravenous; and R, urinary retention. Statistical significances 
were as follows: groups 1 vs 4, P<.05; groups 1 vs 2 and groups 3 
vs 4, .10>P>.05. Twenty-two extremity surgeries were excluded. 


Data were analyzed to provide inferences on proportions based 
on Yates’ correction to the x? method and on the normal approx- 
imation to the binomial distribution. 


RESULTS 

Fifteen anesthesiologists initiated 517 fentanyl epidural 
infusions during the study period, with a range of seven 
to 67 cases per individual. The surgical site was the ab- 
domen in 411 cases, the chest in 84 cases, and the extrem- 
ities in 22 cases. The surgical procedures included 52 ab- 
dominal aortic aneurysmectomies, 70 biliary surgeries, 61 
lung resections, and six esophageal resections, with the 
remainder consisting of major bowel, renal, and pelvic op- 
erations. The average duration of epidural infusion was 
3.53 days (range, 2 to 5 days; SD, 1.09). The median age 
of the patients was 65 vears, with an average age of 
61.1 years (SD, 17.1). 

Figure 1 describes the postoperative outcomes of the 517 
patients on successive days. No additional intravenous 
narcotic was administered to 65% (336/517) of all patients 
on day 1 despite the common practice of giving as-required 
analgesics before ambulation. An additional 28% (147/517) 
of the patients were comfortable after administration of 
intravenous narcotic. On postoperative day 2, only six pa- 
tients were noted to be uncomfortable (six of 499 patients). 
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EJ Painful, +N/V/P 
E Painful, -SEs 
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0% 25% 50% 75% 100% 
Fig 3.— Postoperative outcomes, day 1, by surgical site, with epidural 
fentanyl. N denotes nausea; V, vomiting; P, pruritus; SEs, side ef- 
fects; IV, intravenous; and R, urinary retention. No statistical sig- 
nificances were noted between any groups. 


The proportion of patients who did not require any ad- 
ditional intravenous narcotic rose from 65% to 77% on day 
2, to 83% on day 3, and to 87% on day 4. 

Figure 2 describes the postoperative outcomes as related 
to sites of surgery and infusion. As judged by the intra- 
venous narcotic supplementation rate, thoracic fentanyl 
infusion was more successful than lumbar infusion. 
Among patients who underwent thoracic surgery, 34% 
(19/56) with thoracic infusion vs 57% (16/28) with lumbar 
infusion required a supplemental intravenous narcotic. 
Among patients who underwent abdominal surgery, 29% 
(28/97) with thoracic infusion vs 36% (111/309) with lumbar 
infusion required a supplemental intravenous narcotic. 
These ratios approached but just failed to achieve statis- 
tical significance (P7 .05). Mean dosages in the groups that 
underwent thoracic surgery were 44.9 wg/h (SD, 9.8) for 
thoracic infusion and 46.4 g/h (SD, 10.3) for lumbar in- 
fusion. Mean dosages in the groups that underwent ab- 
dominal surgery were 44.7 g/h (SD, 9.3) for thoracic in- 
fusion and 46.8 mg/h (SD, 10.4) for lumbar infusioan. No 
significant dose differences were found. 

Figure 3 describes the postoperative outcomes on day 
1 by location of surgery. The location of surgery (a»dom- 
inal or thoracic) did not appear to influence outcomes, as 
determined by the frequency with which an intravenous 
narcotic was required (x?— 1.34, with 1 df, not significant). 
The placement of a lumbar fentanyl infusion for thoracic 
surgery yielded a significantly lower proportion cf com- 
fortable patients (who required no intravenous narcotic) 
compared with those who received a thoracic fentenyl in- 
fusion for an abdominal procedure (x?— 6.43, with 1 df, 
P<.05). No dosage differences were noted (46.4 g/h; SD, 
10.3 vs 44.7 ugh; SD, 9.3). Twenty-two patients under- 
went extremity surgery and received lumbar fentanyl in- 
fusion. The surgical procedures included seven femoral- 
popliteal bypasses, seven total hip replacements, three hip 
pinnings, two knee revisions, one total knee replacement, 
one distal amputation, and one skin graft. No intravenous 
narcotic was required by 75% of patients, and the remain- 
ing 2596 were comfortable after supplementary :ntrave- 
nous narcotic administration. 

Overall, 696 (33/517) of patients experienced nausea, 
vomiting, or pruritus on postoperative day 1, declining to 
4.8% (24/499) on postoperative day 2. Only 0.8% (4/517) 
of patients required urinary catheterization that otherwise 
would not have been necessary. These four patients in- 
cluded a 16-year-old boy (thoracotomy), a 69-year-old man 
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out need of an additional narcotic. 


on postoperative day 4. The catheter was removed, and: 


_ fluid was expressed. Intracellular gram-positive cocci in 
_ Clusters were noted with many polymorphonuclear leu- 
kocytes on Gram’s stain, which eventually yielded 
Staphylococcus aureus. Blood cultures were:taken that were 

| subsequently negative. Therapy with intravenous ceph- 

. alothin sodium was begun. On iria uad day 5, the 
|. patient became disoriented and became febrile to 38.8*C. 
Kernig's and Brudzinski’s signs were negative. A mini- 

. mally traumatic lumbar puncture revealed a protein value 
_ of 4.6 g/L, 82€ white clood cells, and 2030 red blood cells, 
_ of which 0.93 were polymorphonuclear leukocytes, 0.05 
were va a ae and 0.02 were monocytes. Gram's 
stain showed few polymorphonuclear leukocytes. Head 


and lumbar computed tomographic scans were unremark-. 


2 . able. A2-week course of intravenous oxacillin sodium and 
.. gentamicin sulfate was begun, followed by rapid defer- 
|». vescence and resolution of mental status on day 7. 


A | COMMENT 
^. In this study, no mortality that was attributed to epi- 
dural analgesia occurred. Only 20% of our patients were 











present, we have not found an apnea monitor that has a 
igh enough accuracy to avoid awakening the patient sev- 
eral times per r 

investigatorsé* that 
















_ that epidural fentanyl can be safely used in the community 
hospital setting, — | E 

. . The case of celluliti 
. phasizes the continua! need to examine the epidural site 





- daily and maintain asepsis. In fact, the reticuloendothelial. 
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. defect of this patient's hemoly 





n A aaa supr. day 1, she was com- 
t 


cared for in the intensive care unit the first night. At 


mes per night We support the views of other 
rinted protocols, superior nursing. 


personnel, anc education Of personnelaremore important 
han the addition of ineffective apnea-monitoring technol- - 


ak that the safe capture of two early respiratory | 
depressions amd the lack of any mortality demonstrate. 


is ae to a meningitis em- - 












holytic anemia and the presence 
of steroid immunosuppression may have contributed to 
the central spread of this previously local infection. 

As originally reported by Wolfe and Davies? in 1980, and 
subsequently reviewed by Cousins and Mather? in 1984, 
analgesia with fentanyl citrate in the epidural space con- 
sistently occurs with a 100-ug bolus dose, in the absence 
of a significant serum level. Loper and Ready" noted that 
in anterior cruciate reconstruction, with 100 ugh of in- 
fusion epidural fentanyl citrate, systemic blood uptake 
was dearly a major factor in creating analgesia. We con- 
tend that the low volume used (2 mL/h) resulted in poor 


dermatomal spread and suboptimal epidural analgesia. 


The higher dosage at steady state necessitated significant 
blood levels. —— | 

In both thoracic and abdominal surgerical procedures, 
thoracic infusion was more successful than lumbar infu- 
sion, although the findings only border on statistical sig- 
nificance. The clinical trend of poorer outcomes with more 
caudad placement has prevented us from observing 10 ad- 
ditional patients with caudal lumbar epidural infusions, 
which would be required to find statistical significance. 

The high lipid solubility of fentanyl has been thought to 
limit local spread of narcotic in the epidural space and, 
according to theoretical models, should be important in 
determining the spread of analgesia.? If that is the case, 
then placement of the epidural fentanyl infusion at the 
level of the involved substantia gelatinosa would result in 
improved clinical efficacy. In the current study, the sug- 
gestion of better outcomes with rostral placement of the 
epidural infusion supports this pharmacodynamic view. 
A serum concentration study of infusion epidural fentanyl 
citrate in the 50-y.g/h dose range, at dilute concentration, 
is needed. 
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| »  . Discussion 
James ©. Menzoian, MD, Boston, Mass: Istrongly urge my pa- 
tients to d et epidural anesthesia and epidural postoperative 
pain control. In fact, there is now a growing body of information 
that indicates that the current wave of enthusiasm that vascular 
surgeons have about the so-called retroperitoneal approach to the 
abdominalaorta with its alleged superior results may, in fact, not 
be related to the approach to the aorta, but rather to the use of 
epidural anesthesia and epidural postoperative pain control. The 
authors have described a large series of patients who underwent 
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ominal procedures with the use of fentanyl via 
ite. The pain control in their experience was su- 
atisfactory in 28%, and unsatisfactory in 7%. The 
surprisingly very low, with 6% nausea and 0.8% 
on, and two patients were believed to have 
epsis. They ought that catheter placement in 
ction was more effective for analgesic control. 
to fentanyl, it is an opioid, which puts it in the 


one, 

I do have some questions for the authors. Do you think that 
the less than superior pain control in some of your patients was 
related to the catheter placement and the direction or the location 

of the catheter? Since you think this rostral position is so im- 
portant, how do you know where the catheter is? What do you 
recommend —and this is a question that I have asked many an- 
-esthesiologists, and there are sc many answers that I donot know 
^ whattodo— when you get a bloody tap in a patient, who is going 
to undergc a vascular procedure with the use of systemic hep- 
"carin? I have heard, “Forget it, it does not matter." I have heard, 
- “Cancel the case," which we hate to hear. I have heard, "Wait 
< 2 hours, 4 hours, 6 hours." I have heard it all, and I wculd di 
-. preciate your opinion about that. When do you place these cath- 
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eters? Are these catheters for postoperative pain control placed 
after the procedure, or are these catheters placed before the pro- . 
cedure and used first as a route to administer anesthesia and then 
as a postoperative control? Lastly, there has been a lot of en- 
thusiasm for patient-controlled analgesia. How do you think 
your method with epidural fentanyl compares with patent- 
controlled analgesia? 

Dr Cun: No one knows precisely where thetipoftheepicural — 
catheter lies, despite numerous radiographic studies. Asa matter - 
of practical reality, placement usually occurs in a manner such - 
that about 2 cm of the catheter remains within the epidural space, - 
so the maximum up-and-down variation would be about 4 cm.. 

With regard to heparin, even in our own practice, there :s di- 
versity. Generally, we believe that if 2 hours elapse between | 
placement and heparinization, that the platelet phase has been _ 
completed. If platelet function is normal, we are not unconsfort- 
able with subsequent anticoagulation. * 

About 80% of these epidural catheters were placed stricty for. 
postoperative pain control. We usually dose them just before — 
emergence or in the recovery room, although I must note that the 
experience of Glass and Yeager at Dartmouth has increased the 
proportion of anesthetics that are given primarily as an epicural, 
with an endotracheal tube as an adjunct. 

Lastly, in our patient population, I do not think patient- 
controlled analgesia epidural would be successful. Although the. — 
average age of our despite was 61 years, clearly, the patiertsfor = 
whom the epidural is most desirable are those in their late 705 — — 
or 80s who are at risk for multiple-organ failure. Generally speak- —— 
ing, even after a predominantly regional anesthetic with en en- - 
dotracheal tube as a respiratory adjunct, itislesscommontohave = 
a patient who is reliably alert and who realizes that itis necessary > 
to push a button for pain control. Patient-controlled analgesia 
epidural may come into use, but because the pharmacodynamics 
of this system include a 20-minute period from dosage to relief, 
it may require much reinforcement, so that the patient asscciates 
pushing the button with what happens 20 minutes later. Itis hard 
enough as it is with a 7- to 10-minute response with the intra- 
venous patient-controlled analgesia. Because we are atthe point — 
where patients come back to our institution for an unrelated sur- = 
gical procedure and demand an epidural, I think the patients are : 
rather satisfied. 
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A Pilot Study of Sphincter-Sparing Management 
of Adenocarcinoma of the Rectum 
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€ After analysis of 26 prospectively accrued patients with 
.. distal rectal adenocarcinomas who underwent sphincter 
oo preservation treatment, we have concluded that tumors that 
invade only the submucosa can safely be treated with sur- 
ery alone and that tumors that invade the muscularis or 
_ further can be safely treated with surgery combined with 
_. chemoradiotherapy. None of the patients had either local or 
_ distant recurrence, with a median follow-up of 21 months. 
-All patients have been fully continent. The results, although 
s preliminary, imply that resection of distal rectal adenocar- 
cinoma with sphincter preservation, and adjuvant therapy 
. -when appropriate, have achieved local and distant control 
. equal to the conventional Miles’ abGominoperineal resec- 
tion, but without the need for a permanent colostomy. 
(Arch Surg. 1991;126:696-702) 


|" 19€0, adenocarcinoma of the rectum will be diagnosed 
| in approximately 47 000 patients in the United States. 
_. Duke's A and B lesions (T1-3, NO) will constitute 40% of 
_ primary rectal carcinomas, accounting for almost 19 000 
cases, Because the major reasons for performing abdom- 
inoperineal resection (APR) for adenocarcinomas of the 
rectum that are too distal to preserve jdbc function 
- by low anterior technique are to remove the primary tumor 

.. with adequate longitudinal and radial margins and to re- 
. move the draining perirectal and mesorectal lymph nodes, 
_ it would be advantageous to know which patients have mi- 
.. croscopic spread to the nodes and which do not before sur- 
_ gery. Ideally, those patients without nodal spread would not 
. need to sacrifice their anal canal if loca! tumor could be con- 
.. trolled using a more conservative approach. Unfortunately, 
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no reliable OE staging system is available. 
Depth ot invasion through the bowel wall by the pri- 
mary tumor correlates with probability of microscopic per- 
irectal nodal disease. But reported correlations vary in the 
literature," and only patients with TO primaries can be 
assured that they will not have insidious perirectal mi- 
croscopic nodal involvement. Few, if any, patients with T1 
adenocarcinomas will have microscopic perirectal lymph 
node involvement. Up to 5% have been found to have 
microscopic N1 disease by others. Patients with T2 pri 
adenocarcinomas will have between a 1096 and 2796 chance 
of insidious lymph node metastasis, and those patients with 
T3 tumors have a 70% chance of being in the N1 or N2 cat- 
egory. Endorectal ultrasound may be found to predict ac- 
curately the depth of bowel invasion by the primary, but 
none of the early correlative studies," including ours, has 
found any increased sensitivity (compared with that of a 
computed tomographic scan or magnetic resonance imag- 
ing) in predicting perirectal nodal involvement. 
Investigators who have pioneered sphincter-sparing 
treatment of distal rectal adenocarcinomas have selected 
atients primarily on a clinical basis to favor those who are 
east likely to have transmural tumor spread. Thus, local 
excision, intraluminal radiation therapy (the so-called 
Papillon technique), and repetitive electrocautery desic- 
cation of tumors have, in general, been performed only for 
patients with mobile, nonulcerated, exophytic, well- 
differentiated tumors that are less than one third of the 
circumference of the rectum and easily accessible via the 
anus or by the transcoccygeal route. Treatment of such 
highly selected patients has resulted in reported 5-year sur- 
vival rates of 80% to 90% .*13 Additional reasonable justifi- 
cation for these various single-modality approaches has been 
the avoidance of the considerable mortality and morbidity 
(including the psychologic trauma of a colostomy) when the 
Miles’ resection is performed in either elderly patients or in 
patients with advanced, disseminated carcinoma. 1-16 
Despite the reported good outcome for the conservative 
treatment approaches noted above, there have been com- 
mon difficulties in analyzing results as follows: (1) Selec- 
tion criteria have varied from investigator to investigator. 


The depth of penetration of the primary tumor included 


in most studies is often unclear. Thus, the probabilitv of 
insidious nodal spread is unknown. (2) Adequacy of local 
tumor ablation is often unclear. In many of the local re- 
section series, microscopic tumor-free margins are not a 
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Operative 
Procedure 


Postoperative Therapy 
—M—————MMm 8 
Fluorouracil (5-FU), 
mg/m? 





Radiation, Gv 


Oc N, A w.&_wW ite 


IK» sd on Ad (R3 NS ree 
W ou A we OG wo o x10 0 hk uwt-€g 


Per anal 
Per anal 
Per anal 
Per anal 
Per anal 
Per anal 
Per anal 
Per anal 
Per anal 
Per anal 


Per anal 


Transcoccygeal 


Transcoccygeal 


Transcoccygeal 


Transacral 
Coloanal 
Coloanal 
Coloanal 
Coloanal 
Coloanal 
Coloanal 
Coloanal 
Coloanal 
Coloanal 
Coloanal 


Coloanal 


06/27/88 
07/27/88 
08/08/88 
08/26/88 
09/27/88 
12/09/88 
03/30/89 
08/08/89 
11/22/89 
05/01/90 
07/19/90 
08/11/86 
06/22/87 
01/12/89 
11/28/89 
03/07/88 
05/27/88 
06/01/88 
06/07/88 
09/29/88 
12/27/88 
01/03/89 
02/26/90 
03/01/90 
03/08/90 
04/03/90 


T2, NX, MO 
T2, NX, MO 
T2, NX, MO 
T1, NX, MO 
T2, NX, MO 
T1, NX, MO 
T2, NX, MO 
T1, NX, MO 
T2, NX, MO 
T1, NX, MO 
T2, NX, MO 
T2, NX, MC 
T2, NX, MO 
T2, NX, MO 
T1, NX, MO 
T3, N2, MO 


TO, NO, MOF 


T2, NO, MO 
T3, N2, MO 
T1, NO, MO 
T1, NO, MO 
T1, NO, MO 
T2, N1, MO 
T1, NO, MO 
T3, NO, MO 
T3, NO, MO 


3001 


Ongoing 


45.0 
Ongoing 
32.0 


51.0 
53.0 





*Therapy not acceptable to pat'ent or patient's physician after accrual to protocol. 
tPer day infusion by continuous intravenous infusion throughout the duration of radiation therapy; all other treatments with fluorouracil wese given 


by bolus on the first and last 3 days of radiation. 


Carcinoma in situ in a large broad-based tubulovillous polyp circumferential in distal rectum. 


requirement. In the Papillon endocavitary radiation tech- 
nique and in patients who undergo electrocautery desic- 
cation of their cancers, deep and radial margin status are 
unknown since the tumor is destroyed in situ. (3) There 
is no evidence in any but the Mayo Clinic series" if patients 
who fail locally or regionally after one or another of the 
rectal sphincter-sparing approaches can be salvaged by 
“completion” APR (R. Beart, MD, oral communication, 
December 1990). This is particularly worrisome since re- 
gional rectal cancer recurrence produces one of the more 
agonizing ways fora patient with cancer to die. (4) Because 
no prospective protocol randomizes APR with permanent 
colostomy vs a sphincter-preserving technique, proof that 
less radical treatment will equal conventional Miles' 
resection in achieving regional and distant cancer control 
and will give better quality of life is difficult to obtain. 

In the absence of any formalized two-arm trial compar- 
ing APR with a local rectal sphincter-sparing approach 
(that our group, too, has found impossible to do), we have 
formulated a treatment plan into which all patients with 
TO, T1, or T2 distal rectal adenocarcinomas who meet pro- 
spectively defined selection criteria accrue. 
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Wereport herein the physiologic, functional, and cancer 
control results in this series. Implications of these -esults 
for several recently initiated multi-institutional national 
trials for patients with distal T1 and T2 rectal adenocar- 
cinomas will be discussed. Extrapolation from these early 
data may allow discussion of the design of multimodality 
treatment plans for patients with more advancec distal 
rectal adenocarcinomas that could, in fact, provide sphinc- 
ter sparing even in patients with early T3, NX or 73, N1, 
MO distal rectal adenocarcinomas. 


PATIENTS AND METHODS 


Rectal Cancer 


TO or T1 T2 or T3 


i i 


Observation Fluorouracil (5-FU)+External-Beam 
Radiotherapy 


A total of 26 patients have undergone rectal sphincter-sparing 
treatment of their adenocarcinomas since institution of our pro- 
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Procedure 





Within 6 wk 
Test Procedures of Registration 
History amd physical examination X 
WBC count X 
Plt count X 
Hgb determination X 
Total serum bilirubin, LDH, CEA, X 


AST, alkaline, phosphatase, 
creatinine, and urea nitrogen 
determinations 


PA and lateral chest x-ray films X 


Prectoscopic examinationt 
Barium enemat X 
Small bowel x-ray film with bladder 


distention 
CT scan of the pelvis X 
Pregnancy test§ X 








F/U Every 3 mo for 24 
During RT by mo After RT, 
Radiotherapist Then Every 6 mo for 3 y 
X weekly X 
X weekly X 
X weekly X 
X weekly X 
During final X 
week of RT 
Field-verification X 
films min 
weekly 
Every 3 mo for 2 y, then annually 
Required only at 1-, 3-, and 5-y evaluations 
X 


*F/U indicates follow-up; RT, radiotherapy; WBC, white blood cell; Plt, platelet; Hgb, hemoglobin; LDH, lactate dehydrogenase; CEA, 




















Every 6 mo for 2 y, then annually 






carcinoembryonic antigen; AST, aspartate aminotransferase; PA, posteroanterior; and CT, computed tomographic. 
tColonoscopv may be substituted for proctoscopic examination and barium enema. Excision must have been performed within 8 weeks of this 


evaluation. 


tBarium x-ray film of small bowel before the RT boost field is suggested. 


SFor women of childbearing potential. 


pages treatment plan in 1986. A complete list of all patients, 
ate of accrual to treatment plan, stage of tumor at the time of 
local excision, and postoperative adjuvant treatment (if any) are 
summarized in Table 1. 

All patients who had their first biopsy performed elsewhere, 
whether the biopsy was pusceMediy excisional or not, under- 
went arother biopsy of residual tumor or scar, and pathologic 
confirmation included presence or absence of residual tumor, 
depth of invasion, and adequacy of longitudinal as well as deep 
margins. Of interest, only two of the 13 patients who underwent 
another biopsy were found to have no residual tumor after an 
initially intended excis:onal biopsy. 

Cancers were staged according to the T-staging system of the 
Union Internationale Contre le Cancer to assure comparability of 
depth of invasion. The T stages are as follows: TO, adenocarci- 
noma insitu; T1, adenocarcinoma penetrating to submucosa; T2, 
adenocarcinoma penetrating into but not through the muscularis 
por and T5, adenocarcinoma penetrating through muscu- 

is propria. 

The choice of approach to excision of rectal cancer was left to 
the individual surgeon. Posterior sacral approaches were re- 
served for those cancers that were posteriorly based in the distal 
rectum. Most anterior lesions were udis transanally, while 
deeply penetrating lesions were considered for coloanal resec- 
tion. 

Patients whose distal adenocarcinomas of the rectum were 
found to be T3 lesions at the time of excisional biopsy were given 
the option of APR or anterior excision and coloanal anastomosis 
for rectal sphincter preservation. Postsurgical adjuvant chemo- 
radiotherapy was performed in these patients before takedown 
of protecting transverse loop colostomies. Several patients in the 
group that underwent coloanal anastomoses accrued when their 
distal rectal adenocarcinomas were found at surgery to be too 
distal for conventional low anterior resection. Patients with such 
distal lesions had consented before operation to the performance 
of the coloanal approach as a contingency preferable to APR and 
permanent colostomy. 

Patients with TO or T1 lesions received no adjuvant therapy 
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after complete local excision. In patients with T2 primaries, ad- 
equate local excision, defined pathologically, was followed with 
our best available adjuvant treatment-combined fluorouracil and 
external-beam radiation therapy. !8 Patients were entered into this 
treatment plan only after consenting to our institutional review 
board-approved protocol, and only if their rectal adenocarcino- 
mas could not be treated with a conventional low anterior re- 
section approach. Ulceration and/or tenesmus were reasons for 
exclusion. 

In patients with T2 or T3 lesions, radiation therapy was started 
between 10 and 14 days after surgery, consisting of protocol- 
described dosage and delivery parameters. Briefly, the perirectal 
soft tissue and internal iliac, presacral, and common iliac lym- 
phatics were treated with multiple fields to 45 Gy. A reduced field 
was used to bring the immediate perirectal tissue to 50 Gy or 
greater. The dose per fraction was 1.8 Gy. No small bowel was 
in the boost volume. Individual radiation doses are summarized 
in Table 1. Fluorouracil was given concurrently with radiation 
either as an intermittent injection (500 mg/m? per day intravenous 
bolus) during the first and last 3 days of external-beam radiation 
or by continuous intravenous infusion (300 mg/m? per day) for 
the entire duration of radiation therapy. Total doses are outlined 
in Table 1. 

All patients who underwent resection of their rectal carcinomas 
and coloanal reanastomosis had temporary loop colostomies per- 
formed. In patients with T2, T3, or N+ lesions, colostomies were 
nottakendownuntilafter adjuvant therapy was complete. Before 
colostomy reversal, endoscopic examination of the distal anas- 
tomosis was performed, dilatations of anastomotic strictures, if 
present, were accomplished, and manometric determination of 
resting (internal) and maximal (external) sphincter pressures were 
obtained for subsequent correlation with functional outcome. 

All patients were followed up as summarized in Table 2. In 
addition to functional assessment of bowel activity, study end 
points included local, regional, or distant tumor recurrence, and 
survival. 
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Patient/Age, 





y/Sex* Morphology 
1/42/M 27 Well differentiated 5.0 7 
2/77/M 25 Well different ated 10.0 1.9 
3/59/M 25 Moderately differentiated 4.0 3.0 
4/40/F 24 Well-differentiated, tubular polyp 5.0 1.3 
5/33/M 23 Moderately differentiated 9.0 3.5 
6/52/F 21 Moderately d'fferentiated 6.0 3.5 
7/85/F 19 Moderately differentiated 7.0 4.0 
8/56/F 12 Moderately differentiated 4.0 2.0 
9/67/M 10 Well-differentiated, tubular polyp 5.0 2.5 
10/68/F 4 Moderately differentiated 4.0 25 
11/70/F Moderately differentiated 4.0 2.5 
12/62/M 48 Moderately differentiated 2.0 9.0 
13/54/F 39 Well-differen-iated, sessile polyp 3.0 3.0 
14/66/F 21 Moderately differentiated, mucinous 5.0 2.6 
15/75/F 10 Moderately differentiated 4.0 15 
16/63/M 30 Poorly differentiated, signet ring 5.0 25 
17/56/M 29 Carcinoma in situ broad-based villous adenoma 7.0 4.0 
18/67/M 27 Moderately differentiated 8.0 9.5 
19/48/M 27 Moderately cifferentiated 12.0 4.0 
20/65/M 24 Moderately differentiated 3.0 1.4 
21/67/M 21 Moderately differentiated 6.0 3.8 
22/62/F 21 Well differentiated 2.2 2.0 
23/28/M 7 Moderately differentiated 6.0 7.0 
24/52/F 6 Moderately differentiated 4.0 2.0 
25/69/F 6 Moderately differentiated 7.5 1.5 
26/62/F 5 Moderately differentiated 5.0 2.5 


*With regard to disease status, all patients had no evidence of disease. 


tF/U indicates follow-up. 


RESULTS 

Median follow-up of patients in this series was 21 
months, with a range of 2 to 48 months. Patient ages, tu- 
mor size and morphology, follow-up length, and most re- 
cent disease status are listed in Table 3. 

No patient has thus far shown any evidence of local or 
distant tumor recurrence. 

Functional results of the coloanal procedures are sum- 
marized in Table 4, and manometric study results in those 
patients who had this performed before colostomy take- 
down are also provided. 

It has become apparent to us that results of manometric 
studies did not correlate well with ultimate sphincter func- 
tion in our small group of patients with coloanal reanas- 
tomoses. In the single patient with inadequate function 
(ie, stool frequency >8 to 10 stools per day more than 172 
years from operation), findings from precolostomy take- 
down manometric examination were inadequate and not 
predictive of poor outcome. This was probably because the 
rectal ampulla was foreshortened, and sensory examina- 
tion of the rectal pouch was difficult after the coloanal pro- 
cedure. As has been the case with all of our patients, how- 
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ever, he refused any consideration of either reservoir 
construction or formation of a permanent sigmoid colos- 
tomy. 

All of the patients who underwent coloanal anasto- 
moses had strictures at their anastomoses, whether or not 
they had received adjuvant chemoradiotherapy. With the 
exception of a single patient (patient 24) whose coloanal 
anastomosis necessitated formal revision, all strictures 
could easily be opened and dilated endoscopically before 
takedown of the transverse loop colostomy. Strictures 
have not reformed after colostomy takedown in amy pa- 
tient. The single patient whose condition necessitated a 
revised coloanal reanastomosis has subsequently done 
well. 

Bowel habits in all of these patients, particularly those 
with coloanal reanastomoses, have continued to improve 
for 1 to 11^ years after their operation. Median stool fre- 
quency of the entire group, including patients after per 
anal and transcoccygeal approaches, has been two to four 
per day. Daytime incontinence has been infrequent and, 
when it occurs, is associated most often with flatulence 
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Manometric Study Pressure, mm Hg 





SX 


Patient Resting Maximal Night Soiling Performance, Stools/d 
16 0 2-3 
17 TT 0 4-6 
18 Quantitation attempted but not 0 15-20 
possibie because of patient 
compliance, said "to be adequate" 
19 40 65 0 2-3 
20 25 90 0 3-4 
21 50 100 0 2-3 
22 50 30 0 3-4 
23 pes sad 0 2-3 
24 30 20 0 15-20* 
25 bacs Transverse colostomy not 
yet reversed 
26 40 85 0 Transverse colostomy not 


*Function during first week after transverse colostomy takedown. 


and relatively minor liquid stool soilage. None of our pa- 
tients has suffered nighttime incontinence. 


COMMENT 

The data presented herein represent -- results from 
asmall, single institution study in which we have achieved 
locoregional control of cancer with preservation of rectal 
sphincter function in a group of prospectively selected pa- 
tients with T1, T2, and T3 distal rectal carcinomas. Ad- 
vantages in our approach over previous series included 
io midised selection criteria, a short period of patient ac- 
crual, complete pathologic examination of each primary 
tumor with precisely defined radial and longitudinal mar- 
gins, a treatment design including the best adjuvant mul- 
timodality therapy for known or suspected microscopic 
nodal disease, and a follow-up regimen with contingency 
plans for salvage therapy if recurrent tumor were found. 
Thus far, no patients have had either local or distant re- 
currences. No patients have requested reversal of the 
sphincter-sparing approaches due to functionally inade- 
quate outcome. Only a single patient has needed revision 
of a fibrotic, lengthy coloanal anastomotic stricture before 
achieving good functional results after colostomy take- 
down. 

What are the weaknesses of our approach? Other than 
small study size and short follow-up, the major deficit, 
shared Ww all other recent single institution analyses, !*?! 
is the lack of appropriate randomization comparing a new 
therapy (rectal sphincter preservation) with standard APR 
and permanent colostomy. In the absence of such an in- 
tellectually appealing but improbable randomized two- 
arm protocol, one cannot prove that therapy effect is out- 
weighing selection in producing good results. 
Nevertheless, the next best thing to a randomized protocol 
may be a multi-institutional formalized treatment plan in 
which selection criteria, car yang of initial therapy, and 
assessment of biologic as well as functional results can be 
evaluated in a broader setting. 
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yet reversed 


If the recently initiated two national treatment proto- 
cols?» that are similar to our institutional treatment plan 
show comparable results in patients with T1 and T2 distal 
rectal adenocarcinomas, we would predict (as would oth- 
ers, such as Rich et al”) that extension to patients with 
more advanced disease (T3, NX, MO or T3, N1, MO) would 
occur soon. In such a setting, the adjuvant chemoradio- 
therapy following preservation surgery would be a sub- 
stitutein the treatment of regional nodal metastases for the 
Miles'-type resection. Extension to T3 primary tumors 
would increase the pool of potential patients for sphincter 
preservation from what is a maximum of 4000 to 5000 pa- 
tients each year with T1, T2, NX to perhaps 20 000 to 25 000 
patien:s with the more extensive and invasive distal ad- 
enocarcinomas. Perhaps one of the more notable but, as 
of yet, unpublicized outcomes of recent successful color- 
ectal cancer adjuvant therapy trials will not be a simple 
addition of more or better drugs to radiotherapy and sur- 
gery in hopes of increasing patient survival but the ap- 
plication of presently effective adjuvant treatment to di- 
minish the physiologic and psychologic debility of 
patients who undergo APR for rectal cancer — without sac- 
rificing the chance for cure. 


This work was supported in part by grant P01 CA 44704 from the 
Nationa: Institutes of Health, Bethesda, Md. 
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; Discussion 

Wiuiam C. Woop, MD, Boston, Mass: We expect that the area 
of anorectal preservation will follow that of breast conservation 
and extremity conservation with sarcoma as areas in which it may 
be possible to achieve the equivalent or superior results with tis- 
sue preservation and the use of radiation. This study was well 
staged and prospective, and by combining in this presentation 
three different series (per anal excisions, transsacral resections, 
and coloanals), it encompasses the treatment approaches to low 
rectal carcinoma other than APR. I appreciated the opportunity 
to read the manuscript previously. In it, the authors described 
a prospective protocol by which patients with rectal tumors that 
are too low for low anterior resection are candidates for per anal 
excision. If such an excision shows the tumor to penetrate 
e wall of the rectum into the perirectal fat, patients 
iet ergo a coloanal anastomosis or an APR. The second 
ication that the authors described for a coloanal anastomosis 
to tumors that were found at an attempted low anterior 
nd that were too low, and the patient had previously 
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asked to have a coloanal anastomosis rather than an APR in that 
circumstance. These indications raise questions. 

First, are there patients for whom the authors would perform 
a coloanal anastomosis from the beginning rather than at failure 
of one of the other two techniques? Second, who getsa transsacral 
resection? The authors had four transsacral resections as com- 
pared coloanal anastomoses. Third, two of the patients in the 
coloanal series are described as having lesions 7 and 9.5 cm above 
the dentate line. Some of us might consider that we would be able 
to deal with lesions at this level with a low anterior resection. How 
much of a distal margin did the authors require to perform a low 
anterior resection? The authors' series of per anal excisions is of 
particular interest; they describe tumors as usually less than 3cm 
or occupying less than a third of the circumference of the rectum, 
and ulceration and tenesmus as being contraindications for ex- 
clusion. We share those concerns in doing per anal excisions. The 
authors do not mention histologic grade as an exclusion criterion, 
but all of their per anal resections involved weil-differentiated or 
moderately well-differentiated tumors. Are poorly differentiated 
tumors excluded, or was this simply the way this series has 
worked out to date? 

Having struggled on Wednesday afternoon to remove a just- 
over-5-cm tumor with an adequate margin on each side through 
the rectum, my hat is off to the authors when I see that their series 
included a tumor with 10-cm diameter that was removed per 
anally. The authors reported seven per anal excisions, with tu- 
mors extending into the muscularis propria that received post- 
operative radiation. With a median follow-up of 21 months, the 
authors had no local or distant failures. My colleagues and I are 
just describing now a series of 23 patients with per anal excision 
and radiation for similar depth of penetration and an average 
follow-up of 40 months. We have had no distant failures, but we 
have seen two local failures. Both were salvaged by APR and are 
free of disease now, several years later. But one failed at 
23 months and the other at 46 months. So, it will certainly be 
important to follow up patients treated per anally very closely so 
that salvage procedures will be available for those who do suffer 
a local failure. 

Series, such as these and the Cancer and Leukemia Group B 
series, to which both of us hope to be contributing, will allow a 
much better understanding of those patients who will be good 
candidates for anal preservation. 

Dr Jessup: Coloanal excision is reserved for those lesions that 
are full-thickness penetrating cancers, whereas local excision is 
used for lesions that appear to be less invasive on preoperative 
evaluation. 

The second point is, when do you perform a posterior sacral 
excision? When does one use that route? I personally favor that 
route as a matter of personal preference. Ithink that most general 
surgeons are more facile with a per anal technique because that 
is what most of our training programs gave us during our res- 
idency. However, if one does either a York-Mason or a Kratzke 
type of approach, one has the ability to evaluate the perirectal and 
mesorectal fat tissue and can feel for small metastases. One may 
actually be able to stage these patients better. 

I think that the question of removing large tumors sometimes 
transanally was a question, again, of personal preference and 
apparently a fair amount of hubris. Are poorly differentiated can- 
cers excluded from the local excision strategies? Yes, they were 
by virtue of the protocol. There is at least one poorly differentiated 
cancer in the group that underwent coloanal anastomosis, and 
I think there is also one that slipped into the group that under- 
went local excision as well. We require for a low anterior resec- 
tion, a 3-cm distal margin. I think that this high-lying tumor again 
occurred in a narrow pelvis, and I think that for reasons of tech- 
nical difficulty, it ended up being a coloanal resection. 

l agree with you about caution in interpretation of what are- 
really early results because I think that you do have to wait at least 
5 years before interpreting this type of an approach. There have 
been local recurrences after local excision and radiotherapy that 
have occurred as late as 72 months in other series. 
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- . (eg, 15% to 30%) are being sought. | 
acor Eos as well at this point to remind ourselves of the pur- 
v posesorrandomization. Itis to distribute bias atrandom toeach 





oS “grou so that "treatment" differences can be ascribed to “ther- 













| The preposition in support of exchanging radical excisional 
surgery (APR) with more limited surgery (local excision or 
-| coloanal resection) plus chemoradiation is well made and is 
-| -consistent with trends in other fields of tumor treatment. Al- 
-| theugh a small cohort of patients, the data certainly answer 
_ the question of treatment plan “feasibility.” Furthermore, the 
Jack of local or distant tumor recurrence is encouraging. It 
wculd have been of interest to review comparative, even his- 
toric, information to have seme sense of the incidence of local 
-and distal tumor recurrence by former treatment methods in 
the hands of the authors. Twenty-one months is still quite 
early days even for tumor recurrence and it is premature to 
. assess the long-term side effects of the chemoradiation. 
_ Nevertheless, the authors are justified to report their find- 
ings. It is now clear that the treatmentof colorectal cancer has 
| eventually been torn away from the shackles of the "surgery- 
_ | alone" approach, and the pace of change will probably 
: sunken as we search for better combined treatment methods. 
issemination of thought, as well as fact, is an important part 
Of progress. 

| . _Whatare the broader issues when contemplating the meth- 
| ods by which we generate new. “reliable knowledge?" We 
have become accustomed to the "double-blind randomized 
placebo-controlled trial” as being the acme of clinical scientific 
investigational endeavor. Few would challenge the useful- 
ness of this view for common conditions (large numbers of 
patients) where Pun disease parameters are measured and 

relatively small diff 








erences between oid and new treatments 
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_ apy." Surgeons must question whether these tenets are al- 
.. Ways useful in surgical research. For surgeons, the double- 
blind study is a nonstarter. (It helps to have moreratherthan |. 
less Lght in the operative field!) Patient selection bias, influ: | 
ence on the patient during the informed consent process, | 
surgeon-related variability, heterogeneous patient popula- - 


tions changing methods of patientinvestigation and support, 
anesthesia, and blood transtusionall tend to diminish the “pu- 
rity” of the randomized control trial concept. — 

We should not apologize for raising these issues that are 
sometimes dismissed by the trial statistician technocrat who 
may understand data and figures better than patients and the 
opereting room. How might we proceed? Should we abandon 
the concept of randomized controlled trials in surgical inves- 
tigations? The answer is clearly in the negative. However, we 
need to increase the legitimacy of prospective organized ob- 
serva-ional (phase 2) studies. We also need to develop meth- 
ods to improve patient classification. Anatomic staging for 
colorectal cancer has been a confused subject as reported by 
my cclleagues and me (J Gastroenterol Hepatol. In press), but 
in Nocth America, we have selected the pTNM system of the 
Unior: Internationale Contre le Cancer/American Joint Com- 
mittee on Cancer that should not be changed in principle for 
many years. Looking to the future, the addition of other fac- 
tors cf prognostic significance to those of anatomic tumor 
spread to produce a calculated prognostic index is an impor- 
tant task that should greatly assist in study design and the 
interpretation of results. 

The authors of this article should be commended for their 
willingness to swim against the flow and report a well- 
descri»ed prospective observational investigation. 

L. Peter Fernie, MB, FRCS, FACS 
V/aterbury, Conn 
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Prognosis After Initial Recurrence 
of Cutaneous Melanoma 


Jay S. Markowitz, MD; Lisa A. Cosimi; Robert W. Carey, MD; Sewon Kang, MD; 
Catherine Padyk, MBA; Arthur J. Sober, MD; A. Benedict Cosimi, MD 


@ We reviewed 231 patients who developed recurrent dis- 
ease 1 to 218 months after surgical therapy for clinical stage | 
cutaneous melanoma. Metastatic lesions amenable to sur- 
gery, including visceral recurrences, were resected. Adju- 
vant systemic chemotherapy/immunotherapy or regional 
hypertheriic perfusion was added in patients with unre- 
sected disease. Local irradiation was employed for nonre- 
sectable brain or other isolated symptomatic metastases. 
The overall 5-year survival rate after initial recurrence was 
36%. In patients with soft tissue or nodal recurrence, the 
5-year survival rates were 49% and 38%, respectively; six 


(1195) of 53 patients whose initial recurrence was in a vis- 


ceral organ achieved prolonged remission. Primary lesion 


-> anatomic site, thickness, pathologic type, and interval from 







. initial therapy to recurrence were unrelated to survival. Sig- 
< nificant prognostic factors included the site of initial me- 
- tastasis, stage of primary disease, and the successful com- 


plete eradication of gross disease by surgical excision or 
intensive chemotherapy. 
(Arch Surg. 1991;126:703-708) 


T he incidence of malignant melanoma of the skin is in- 
creasing at a rate of 3% to 4% per year, faster than any 
other cancer in humans. This year, 27 000 new primary 
lesions wil! be diagnosed in the United States. Fortunately, 


... many lesions are now being detected at earlier stages, and 
^ the mortality rate is not increasing as rapidly as the in- 


cidence. Nevertheless, approximately 30% to 35% of pa- 
tients will develop recurrent disease, which often proves 
fatal. It is, o incumbent on the surgeon to be 
knowledgeable in the treatment and follow-up of the pa- 
tient in whom primary treatment has failed. 







A number of reviews have described the natural history, 
sis, and treatment of primary cutaneous mela- 


‘he clinical course after the development of met- 
astatic disease is less well documented. To better char- 
acterize recurrent melanoma, evaluate survival, and 


s the 71st Annual Meeting of the New England Surgical 
rt, RI, September 14-16, 1990. 
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identify important prognostic variables, we retrospec- 
tively analyzed the records of all patients referred during 
a 15-year period to one of us (A.B.C.) for treatment of cu- 
taneous melanoma. The present study summarizes our 
experience in the treatment of the patients who developed 
recurrent disease. 


PATIENTS AND METHODS 

Between 1973 and 1989, 550 patients were evaluated for treat- 
ment of cutaneous melanoma. Of these, the 231 who either were 
referred for treatment of a recurrence or developed metastatic 
disease during follow-up after initial treatment were selected for 
review. Only patients whose primary disease was clinical stage I 
were included. Our strategy for treatment of the primary lesion 
was based on wide (3-cm margin) local excision for deeper le- 


sions, but limited excision for thin lesions.! Simultaneous re- =o) 


gional lymph node dissection was performed if the thickness of 
the primary lesion was greater than 1.69 mm and a single lym- 
phatic drainage basin was anatomically defined.? No consistent 
adjuvant therapy protocol was administered after definitive pri- 
mary surgery, although "high-risk" patients treated prior to 1982 
had been entered into a randomized protocol comparing reac- 
tions to bacillus Calmette-Guerin vaccine, dacarbazine, or com- 
bined bacillus Calmette-Guerin vaccine and dacarbazine.? Rou- 


tine initial workup included history and physical examination, . - : 


chest roentgenography, liver function studies, and, for lesions. 
thicker than 1.69 mm, imaging studies of the brain. Other di- 
agnostic studies were performed only as indicated by clinical 
symptoms. Following primary treatment, patients were followed 
up with regular physical examination at 3-month intervals for 
2 years, 6-month intervals for 3 years, and then annually. Treat- 
ment for recurrent disease was based primarily on aggressive 


surgical extirpation of all resectable lesions. Regional hyperther- . : 


mic heated perfusion with melphalan was performed in patients 
with nonresectable extremity recurrences. When complete sur- 


gical excision was not feasible, radiation therapy was used, pri- 3 
marily for palliative therapy of isolated symptomatic areas, such : 


as retroperitoneal lymph nodes or cerebral metastases. 

The eight variables analyzed for 
cance in these patients were age at the time of primary disease; 
sex; site, histopathologic type, and depth of invasion of primary 
disease; stage of disease at initial presentation; anatomic site of 
initial recurrence; and interval from definitive treatment to first 
recurrence (20 patients with synchronous multiple sites of re- 





currence were assigned to the site with the worst presumed proge 


nosis, which was usually visceral). 


Student's t test was used to compare mean values. Univariate 


life-table analysis was used to calculate survival from time of ini- 
tial recurrence and select possible prognostic factors.* Indepen- 
dent variables were then determined according to the Cox 


proportional-hazards model.5Statistical significance was defined . _ 


at P<.05. 
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RESULTS 
Patient Treatment and Follow-Up 
Our general approach to the treatment of recurrent mel- 
anoma, which is directed toward a multimodality effort to 
eradicate all gross disease, can be summarized by the fol- 
lowing brief patient history. 


Report of a Case 

A 44-year-old woman was first treated in 1977 for a nod- 
ular melanoma, invasive to Clark's level 3. Wide excision 
of the lesion in the left thigh and simultaneous superficial 
inguinal tak $t node dissection revealed microscopic dis- 
ease in one of 15 lymph nodes. After surgery she was ran- 
domly assigned to receive adjuvant therapy with bacillus 
Calmette-Guerin vaccine and dacarbazine.’ Twenty-three 
months after primary treatment, she developed multiple 
intracutaneous and subcutaneous nodules of the left 
thigh, groin, and lower abdomen. Metastatic workup 
showed negative results except for significant new left hi- 
lar adenopathy evident on chest roentgenography. Treat- 
ment, including surgical excisiom of all abdominal and 
groin lesions, hyperthermic regional perfusion of the leg 
with melphalan, and a 6-month course of systemic che- 
motherapy with lomustine, was followed by complete re- 
gression of all detectable disease, including the hilar ad- 
enopathy. The patient remained in complete remission 
10 years after initial recurrence. 

Mean follow-up after recurrence for all patients was 
43 months, with a range of 1 to 250 months. It was evident 
from this review that prolonged survival was provided for 
a significant proportion of the patients following treat- 
ment for recurrent melanoma on y if all measurable dis- 
ease had been eradicated. This often required extensive 
surgery in combination with other adjuvant measures; 
however, all other therapeutic approaches currently avail- 
able continue to be of only occasional efficacy (Table). 


Age and Sex 

Mean age of the 231 patients a* the time of recurrence 
was 48 years (range, 12 to 91 years). Age was not an im- 
portant prognostic factor except in patients whose initial 
disease was pathologic stage II. Fifty-two percent of pa- 
tients were male and 48% were female. As detailed below, 
gender proved to be an independent risk factor of marginal 
significance (P= .05) when multivariate analysis was per- 
formed on the patients grouped according to stage of pri- 
mary disease. 


Location of Primary Lesion 
Anatomic location of the primary cutaneous lesion was 
an extremity in 111 (4856) of the 231 patients. In 83 patients 
(36%), it was a trunk lesion, and the remaining 37 (16%) 
had a head and neck lesion. Primary lesion location was 
not a significant variable. 


Histopathologic Features and Depth of Invasion of 
Primary Lesion 

The pathologic type of the primary lesion was classified 
as follows: superficial spreading, 122 (53%); nodular, 88 
(38% ); acrallentiginous, 12 (5%); other, five (2%); not avail- 
able, five (2%). Breslow tumor thickness was determined 
pathologically in 130 (56%) of the primary lesions. Mean 
thickness was 3.04 mm, with a range of 0.20 to 13 mm. No 
correlation of these histopathologic findings with the clin- 
ical course following subsequent recurrence was identi- 
fied. 
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Median 
Survival, 


5-Year 
No. of Survival, 
Patients 9o 
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Recurrence 


Nodes 


Therapy* 


Sctt tissue 
Viscera 


*Aggressive surgical removal was recommended for all potentially 
resectable recurrences. SAT indicates surgery with or without adjuvant 
therapy (chemotherapy/immunotherapy). 


Primary Disease Stage 

Regional lymph node dissection was performed at the 
time of primary therapy in 109 of the 231 patients who then 
developed recurrent melanoma. Microscopic disease in 
the _ymph nodes was detected in 53 (49%) of those pa- 
tients, thereby classifying them as having clinical stage I, 
pathologic stage II (CS1/PS2) disease. Fifty-six patients 
were confirmed to have pathologic stage I disease. The 
remaining 122 patients with clinical stage I disease had not 
o Se uem node dissection. The survival rate in patients 
with clinical stage I disease but no lymph node dissection 
was nearly identical to that in the patients with patho- 
logically confirmed stage I disease. Thus these 178 patients 
were compared as a single group (C/PS1) with the CS1/PS2 


group. 


Site of Recurrence 

Overall, the site of first recurrence was in regional nodes 
in 94 patients (41%), nonvisceral soft tissues in 84 patients 
(36%), and viscera in 53 patients (23%). The site of first 
recurrence was influenced by the stage of disease at the 
time of primary treatment. In the C/PS1 group, recur- 
rences occurred in nondissected regional nodes in 80 pa- 
tients (45%), soft tissues in 70 (39%), and viscera in 28 
(16%). In the CSI/PS2 group, the recurrences were as fol- 
lows: nondissected nodes, 15 (28%); soft tissue, 16 (30%); 
and viscera, 22 (42%). 


Disease-Free Interval 

Measured as the time between definitive treatment of 
the »rimary disease to diagnosis of relapse, the mean in- 
terval to recurrence was 32 months (range, 1 to 218 
months). There was no significant difference in disease- 
free interval among soft-tissue (mean, 37 months), nodal 
(mean, 30 months), and visceral recurrences (mean, 25 
months). Mean recurrence interval in patients with CS1/ 
PS2 disease was significantly shorter than in those with 
C/PS1 disease (20 vs 35 months, P<.01). 


Survival by Stage of Primary Disease 

The overall 5-year survival rate was 36%, and median 
survival time was 2.1 years (Fig 1). As summarized in Fig 
2, survival in patients with C/PS1 disease was significantly 
better than in those with CS1/PS2 disease (P<.002). Sur- 
vival in each group according to site of recurrence is shown 
in Figs 3 and 4. There was no statistically significant sur- 
vival difference between soft-tissue and nodal recurrences 
within groups, despite the suggested survival advantage 
of patients with CS1/PS2 disease with soft-tissue recur- 
rences in Fig 4. In both groups of patients, those with vis- 
ceral recurrences had the worst prognoses. 
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Fig 1.—Survival in all patients with recurrent melanoma. 


100 





80 
as 

a 60 
"m 
cé 
T 
2 

e 40 
= 
un 

20 

0 


0 48 96 144 192 240 288 


Survival Time, mo 

Fig 3.— Effect of site of recurrence on survival in patients with clinical 
and pathologic stage | disease. Respective 5-year survival rates for 
nonvisceral soft-tissue (dotted line), lymph node (solid line), and 
visceral (dashed line) recurrences were 51%, 42%, and 18%. There 
was no difference between recurrences in nonvisceral soft tissue and 
lymph nodes, but both were significantly better than visceral me- 
tastases (P<.005). 


A marginally significant effect of gender on survival was 
observed only in patients with C/PS1 disease (Fig 5). The 
5-year survival rate was 48% for females and 36% for males 
(P=.05). Age was a significant variable (P<.05) in the pa- 
tients with CS1/PS2 disease. In this group, the 5-year sur- 
vival rate was 12% for those younger than 50 years and 35% 
for those older than 50 years (Fig 6). 


Multivariate Analysis 
Independent risk factors were site of recurrence 
(P<.0001), stage of primary disease (P<.002), and gender 
(P<.05). No prognostic significance was accorded to age, 
pathologic type, Breslow thickness, site of primary dis- 
ease, or interval to recurrence. 
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Fig 2.— Effect of stage of primary disease on survival. In patients with 
clinical stage I but pathologic stage Il disease (solid line), 1-, 5-, and 
10-year survival rates were 47%, 20%, and 10%, respectively. in pa- 
tients with clinical and pathologic stage | disease (broken line), T-, 
5-, and 10-year survival rates were 76%, 42%, and 32% (P<.002), re- 
spectively. 
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Fig 4.— Effect of site of recurrence on survival in patients with clinical 
stage | but pathologic stage Il disease. Respective 5-year survival 
rates for nonvisceral soft-tissue (dotted line), lymph node (solid 
line), and visceral (dashed line) recurrences were 46%, 11%, and 4%. 
The suggested difference between recurrences in nonvisceral soft 
tissue and lymph nodes did not achieve statistical significance. Sur- 
vival in both of these groups was significantly better than in those 
with visceral metastases (P<.0005). 


The patients were next grouped according to stage of 
disease at initial presentation, and the multivariate anal- 
ysis was repeated. In the C/PS1 group, site of recurrence 
(P<.005) and gender (P = .05) remained independent risk 
factors, and site of recurrence (P<.0005) and age (P<.05) 
were important prognosticators in patients with CS1/PS2 
disease. No other variables achieved statistical signifi- 
cance. 


COMMENT 
The exact incidence of recurrence in all patients follow- 
ing primary therapy for cutaneous melanoma is not avail- 
able from this series, since some patients were referred to 
us after metastatic disease had developed. Our review de- 
fined the clinical course following initial recurrence, the 
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Fig 5.—Survival by gender in patients with clinical and pathologic 
stage | disease. The 5-year survival rate was 48% for women (solid 
line) and 36% for men (broken line) (P =.05). 


variables mostimportant in determining outcome, and the 
therapeutic measures most likely to provide prolonged 
survival. Although the prognosis is clearly guarded for 
these patients, not all al them had a rapidly progressive 
course after initial relapse. Median overall survival time 
was 25 months, and a significant proportion (3696) sur- 
vived for 5 years or longer after treatment for recurrent 
melanoma. 

Results of multivariate analysis indicated that only three 
prognostic factors were important. The most dominant of 
these was the anatomic site of initial recurrence. Patients 
whose first evidence of treatment failure was in a visceral 
organ, expectedly fared most poorly. Nevertheless, con- 
tinued therapy is indicated even in these high-risk patients 
who, notinfrequently, had been advised elsewhere to pur- 
sue no further treatment. Overall, only 11% of these pa- 
tients achieved long-term survival; however, if complete 
surgical excision of visceral lesions or subtotal excision 
combined with aggressive chemotherapy was under- 
taken, five (25%) of 20 patients survived for at least 5 years. 

The prognosis for patients with initial recurrences in 
nonvisceral soft tissues or nodes was significantly better. 
The C/PS1 group had 10-year survival rates of 34% and 
35% after apa’ nonvisceral soft tissue or lymph 
node recurrences, respectively. Again, our approach has 
been to treat all measurable disease using appropriate 
combinations of surgical excision, local irradiation, re- 
gional perfusion, and systemic chemotherapy/immuno- 
therapy. 

spat of disease at the time of treatment of the primary 
lesion was the second most significant independent prog- 
nosticator. Of the CS1/PS2 group, 42% presented with first 
evicence of recurrence in a visceral organ, compared with 
only 16% of the C/PS1 group presenting with visceral me- 
tastases as first evidence of relapse. The uniformly bleak 
prognosis for patients with CS1/PS2 disease presenting 
with soft-tissue or nodal recurrence indicates that occult 
systemic spread had occurred in many of these patients 
as well, even when recurrence was clinically evident only 
in nonvisceral sites. 

The final risk factor was gender, making the men 1.4 
times more likely to die than the women. The magnitude 
of risk is obviously small. The explanation for this differ- 
ence in survival, which has been observed in some other 
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Fig €.—Survival by age in patients with clinical stage I but pathologic 
stage Il disease. For patients younger than 50 years (broken line), 
the 5-year survival rate was 12% and for those older than 50 years 
(solid line), it was 35% (P<.05). 


series, has invoked hormonal mechanisms. The finding, 
however, has been inconsistent and usually only margin- 
ally significant, as in our review. The clinical impact of this 
variable, therefore, is minimal. 

In contrast to their recognized prognostic importance in 
patients with primary cutaneous melanoma, the thick- 
ness, anatomic location, and pathologic type of the pri- 
mary lesion were not significant factors in predicting the | 
clinical course in our patients after recurrent disease had 
developed. Similarly, once recurrence developed, dura- 
tion of previous remission proved not to be a significant 

rognostic variable, although increased length of relapse- 
ee survival has been considered a favorable factor. 

A-ter the patients were divided according to stage, site 
of recurrence retained its predominant significance. In pa- 
tients with C/PS1 disease, there was no statistically sig- 
nificant difference between soft-tissue and nodal recur- 
rences, but both were significantly different from visceral 
recurrences. In patients with CS1/PS2 disease, the same 
observation was made, although patients with nodal and 
visceral recurrences qualitatively fared poorly. Patients 
with soft-tissue recurrences seemed to have a survival ad- 
vantage, but this was not statistically different from those 
with nodal disease. Perhaps a larger sample size would 
help to clarify this issue. Gender was a risk factor in C/PS1 
but not in CSI/PS2 disease. The dismal prognosis for the 
more? advanced stage of disease clearly overshadowed the 
higher risk associated with male sex. To account for the 
survival advantage in patients older than 50 Jaare with 
CS1.PS2 disease, the biologic characteristics of the recur- 
rent melanomas will have to be further studied and cor- 
related with age. 

Comparison with other published studies revealed both 
similarities and Rte aan In an analysis of 34 patients 
with stage I disease that recurred after 10 or more years, 
Shaw et al’ reported that survival depended only on site 
of recurrence. Age, sex, thickness, and interval to recur- 
rence were not prognostically important. Karakousis et al? 
studied 361 patients with stage I disease that recurred and 
four. d that site of recurrence, but not age, sex, or site of 
the primary lesion, was statistically significant. Disease- 
free interval was significant only in patients with nodal 
recurrences. In the series reported by Reintgen et al,’ 1504 
patients with initial stage I disease suffered recurrences. 
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Unlike our f atients, prognostic factors in their series in- 
cluded thickness, ulceration, age (older patients fared 
worse), interval to recurrence, primary lesion on an ex- 







tremity, ard conservative treatment of the primary lesion. 
Interestingly, systemic metastasis did not achieve inde- 


pendent significance. Overall survival in our series was 
comparable with those in several other published 
reports.1015 | MN 

‘This review focuses on survival after the first recurrence 
of cutanecus melanoma, which is, unfortunately, an in- 
creasingly common problem. Subsequent recurrences ob- 
viously occur, and are similarly treated by excision of all 
evident disease if feasible. It should be emphasized that 
7796 of the patients with metastatic melanoma in this re- 
view initially presented with recurrences in lymph nodes 
or nonvisceral soft tissues. This observation confirms the 
value of recommending regularly scheduled physical ex- 
amination as the most appropriate follow-up for patients 
after treatment for primary cutaneous melanoma. In ad- 
dition, we instruct our patients on the importance of 
promptly bringing to the attention of their physician any 
newly observed masses or pigmented lesions. Regularly 
scheduled laboratory studies and radiologic examinations 
are less likely to be useful in detecting recurrent melanoma 
in asymptomatic patients. We thus routinely recommend 
only annual chest roentgenography and liver function 
studies to be included in the tollow-up protocol. 

With aggressive treatment, a significant proportion of 
patients can achieve long-term disease-free survival even 
after multiple recurrences at distant sites. The 18% long- 

term (10-year) survival observed in the visceral recurrence 
group of patients with C/PS1 disease reviewed here un- 
derscores, and we believe justifies, our philosophy of ag- 
-gressive surgical excision combined with systemic ther- 
apy. Currently this generally excludes patients with 





|. multiple metastases to brain or liver. It is hoped that more 
recent advances in immunotherapy and recombinant 


DNA technology will further complement currently avail- 
able treatment and extend prolonged survival to more of 
these patients. 
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Discussion 
Harop Waneso, MD, Providence, RI: In this series, 231 pa- 
tients with recurrent melanoma were aggressively treated fol- 
lowing adequate primary therapy. They have achieved an overall - 
36% survival rate. The survival in patients with either nodal or 


soft-tissue disease is up to almost 50% compared with 25% in ` ; 


patients with visceral disease. We agree with this aggressive, re- 
alistic approach to these patients who are often written off. _ 

At the University of Virginia we had a smaller series of 106 
patients with metastatic disease. Twenty-one patients in the 
group of 70 with metastases to the lung were operated on; 10 of 
those with metastases to the brain, and a little more than half of 
our group of 79 patients with soft-tissue metastases underwent 
resection. In patients with soft-tissue or nodal metastases, the 
survival rate at 40 months was around 26%. This dropped to 
about 18% at 5 years in those who underwent resection. Those 
who did not undergo resection did much worse. Obviously, that 
may bea e eda phenomenon because we attempted aggressive 
treatment of all. We also complemented this, when necessary, 
with chemotherapy using a four-drug combination protocol. Of 
21 oe with metastases to the lung, we were able to resect 
16 for cure; that is, all disease was removed. There were five in 
whom this was attempted, and we were unable to totally resect 
all disease. The 5-year survival rate was approximately 20%. 
None of those treated palliatively survived. We did not do very 
well with those with metastases to the brain. Of 10 that were 
operated on, seven had resection of all disease. Immediate sur- 
vival was only 6’ months, with the 2-year survival rate being 
14%. None of these patients survived long-term. Of course, those 
who are not operated on do much worse, as everyone would 
know. 

I think this group has shown in a large series of aggressively 
treated patients that it is of value to attempt to eliminate all dis- 
ease. It is interesting that surgery appears to be a major com- 
ponent here. In fact, I think itis probably the most essential com- 
ponent, because any of the other modalities used are non- 
effective, that is, noncurative, with perhaps the exception of 
some local irradiation. 

I would like to know about your approach with visceral disease 


in general. You have some exciting survival rates in these pa- _ 
tients, certainly much better than our own. Which organ site _ 
would you go after? What are your results, for example, in pa- 


tients with metastases to the lung and liver, and what is your 
approach to treatment of metastases to the brain? You mentioned 
some interesting results with one or two patients with small- 
bowel metastases. We have had good short-term results, but no 


defined nodal disease had recur- 


long-term results in those n Your report that patients pre- — 7 
y 


senting with pathologica 


rences in the nodes was a surprise. I thought that a node dis- 


section would result in no recurrence, at least in that nodal basin. 
Perhaps the recurrences are in other nodal sites, or maybe outside 
the extent of your dissection. l 

Biaxe Capy, MD, Boston, Mass: In most biological systems, a 
median value is better for a skewed distribution than a mean 


"value. For instance, your description of a mean diameter of the 


primary lesion might be quite at variance with the median. You 
advocate adjuvant therapy despite the fact that adjuvant trials 
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on oT 
interleukin 2, tumor-infiliating leukocytes, and lymphokine- 


1 ctivated kiler cells. We have referred approximately 10 patients 


2 for this treatment, but none of them has achieved significant re- 
mission. More recently, the National Cancer Institute group has 


ee been able to transfect a marker gene into tumor-infiltrating leu- 


Koc ies and measure its expression in the recipient. The intrigu- 
ing hypothesis now raised is that it may be possible to insert genes 
that will potentiate the ability of the leukocytes to kill tumor. 
Much more effective concomitant therapy may, therefore, be- 
come available in the future. 
Dr Wanebo asked about the approach to visceral disease. Our 
pru goalis to excise all identified visceral metastases that can 
e reasonably approached surgically. This has included pulmo- 





nary bowel, adrenal, and even brain metastases. In some pa- 
tients we have combined excision of bulky metastases with con- 


Dr Cady, we did not report the median, but it was quite similar 
to the mean. Adjuvant therapy following initial treatment has 
been reported by William C. Wood, MD, to apparently benefit 
our patients with deeply invasive primary tumors. This has not 
been confirmed in other studies. I agree, therefore, that current 
adjuvant E is far from ideal and can only be evaluated in 
randomized trials. In the patients described here, however, che- 
motherapy and Dti. quini are à part of the multimodality 
regirren administered for treatment of demonstrable disease, 
thus making assessment of efficacy much more objective. 

Elective regional lymph node dissection remains a controver- 
sial sabject that I hope will finally be resolved by the multi- 
institutional randomized trial currently being conducted in the 
United States. Once again, however, the focus of our study was 
the ceurse of the disease after the recurrence developed. The 
efficacy of elective regional lymph node dissection either in de- 
laying recurrence or as a prognostic factor after recurrence, was 
not addressed since the patients had not originally been ran- 
domi* selected for or against node dissection. Thus they did not 
represent comparable groups at the time of recurrence. 





ARCHIVES OF INTERNAL MEDICINE 


Does Cholesterel Screening Result in Negative Labeling Effects? 
Results of the Massachusetts Model Systems 


for Blood Cholesterol Screening Project 


Stephen Havas, MD, MPH, MS; Joel Reisman, MS; 


Lily Hsu, MS, RD; 
Lauren Koumjian, MSc 


Several previous studies that looked at the effects of labeling individuals as hy- 
pertensive found increases in psychosocial distress, d:minished feelings of well-being, 
or absenteeism. Other studies found no such effects. Thus far, similar studies relating 
to labeling for high blood cholestero! levels have not been published. The Massa- 
chusetts Model Systems for Blood Cholesterol Screen:ng Project investigated whether 
labeling effects occurred as a result of the community-based screening, education, and 
referral programs it conducted in Worcester and Lowell. Nine questions concerning 
perceptions of physical and psychological well-being were asked on a questionnaire 
given tc screening participants. The same questions were asked as part of a mie rade 

ls 


questionnaire given to all individuals identified as having high blood cholesterol levels 
at one of the screenings. Comparison of the baseline and follow-up results did not 
demonstrate significant overall negative effects among any age, sex, racial, income, 

















or educational group 
| chological well-being. The absence of negative labe 


s. On the contrary, responses toemany of the questions revealed 
statistically o improvements in ata A of physical and ps T 
The i ol 


ng effects may be attributable to, 


the positive, supportive approach to participant counseling taken by the project (Arch 


|. Intern. Med. 1991;151:113-119). 


timore, MD 21201 (Dr Havas). 
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Flexible use, with or 
without narcotics 


Advantages for patients at 
narcotic and/or respiratory risk 


Convenient qóh regimen 


Can be supplemented with prn narcotic 
for severe or "breakthrough" pain 


TORADOL ™ and narcotics may be administered concomitantly 
but not in the same syringe. 
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Brief Summary 

TORADOL is a nonsteroidal anti-inflammatory drug (NSAID). TORADOL 15 mg/mL solution contains 10% (w/v) alcohol, USP, 
and 6.68 mg sodium chladide in sterile water. The 30 mg/ml solution contains 10% (w/v) alcohol, USP, and 4.35 mg sodium 
chloride in sterile water. The pH is adjusted with sodium hydroxide or hydrochloric acid. Indications and Usage: Indicated 
for the short-term management of pain. Not recommended for use as an obstetrical preoperative medication o: for obstetrical 
analgesia because it hasinot been adequately studied and because of the known effects of NSAIDs on uterine contraction and 
fetal circulation. Not reeommended for routine use with other NSAIDs because of the potential for additive side effects. 
TORADOL protein-binding is affected by aspirin but not by acetaminophen, ibuprofen, naproxen or piroxicam. Studies with 
other NSAIDs have not been done. Hes been used concomitantly with morphine and meperidine without adverse interactions. 
Contraindications: (io not use in patients with hypersensitivity to ketorolac or with the complete or partial syndrome of 
nasal polyps, angioedema, and bronchospastic reactivity t aspirin or other NSAIDs. Warnings: Although TORADOL 
Injection is recommended for short-term use only, long-term administration of oral ketorolac has shown that this drug shares 
the risks of other NSAIDswhen taken chronically. Serious GI taxicity, such as bleeding, ulceration, and perforatien, can occur at 
any time, with or without warning symptoms, in patients treated chronically with NSAIDs. Remain alert for ulceration and 
bleeding in such patients, evan in the absence of previous GI tract symptoms. In clinical trials, symptomatic upper Gl ulcers, 
gross bleeding or perforation appear to occur in approximately 1% of patients treated for 3-6 months, and in about 2-4% of 
patients treated for 1 year. Inform patients about the signs and/or symptoms of serious GI toxicity and what steps to take if they 
occur. Studies have not identified any subset of patients not et risk of developing peptic ulceration and bleeding. Except for a 
prior history of serious G! events, andother risk factors knowr to be associated with peptic ulcer disease, such as alconolism, 
smoking, etc., no risk faetors (e.g., age, sex) have been assoc ated with increased risk. Elderly or debilitated patients seem to 
tolerate ulceration or bleeding less well than others and most spontaneous reports of fatal GI events are in tis population. 
High doses of an NSAID probably carry a greater risk of these reactions. In considering the use of relatively larga doses [within 
the recommended dosage range), sufficient benefit should be anticipated to offset the potential increased risx of GI toxicity. 
Precautions: Impairec Renal or Hepatic Function: As with cther NSAIDs, use with caution in patients with impaired renal or 
hepatic function, or a history of kidney or liver disease. Reral Effects: As with other NSAIDs, long-term administration to 
animals resulted in renai papillary necrosis and other abnormal renal pathology. In humans, hematuria and p'oteinuna have 
occurred in long-term trials with oral ketorolac with a frequency and degree similar to aspirin. A second form af renal toxicity 
has been seen in patient: with conditions leading to a reduction in blood volume and/or renal blood flow. In these patients, an 
NSAID may precipitate overt renal failure. Patients at greates: risk are those with impaired renal function, heart failure, liver 
dysfunction, taking diuretics, and the elderly. Discontinuation of the NSAID is typically followed by recovery. Use with caution 
in patients with impaired renal function as reduced creatinine clearance results in reduced clearance of the drug. Follaw such 
patients closely. Fluid Retention and Edema: These have been reported with NSAIDs; use TORADOL with cau:ion in patients 
with cardiac decompensation, hypertension, or similar conditions. Hepatic Effects: With NSAIDs, borderline elevations of liver 
tests may occur in up to 15% of patients. These may progress, remain unchanged, or disappear with continued therapy. 
Elevations of ALT (SGPT) or AST (SGOT) occurred in clinical trials with oral ketorolac in less than 1% of patients. Evaluate a 
patient with symptoms and/or signs suggesting liver dysfunction, or in whom an abnormal liver test has occurred, for evidence 
of a more severe hepatic reaction. Hematologic Effects: TORADOL inhibits platelet aggregation and may prolong bleeding time 
but does not affect platelet count, prothrombin time (PT) or partial thromboplastin time (PTT). Carefully observa patierts with 
coagulation disorders or who are receiving drug therapy that interferes with hemostasis. Inhibition of platelet function by 
TORADOL disappears within 24-48 hours after the drug is discontinued. In clinical studies, the incidence of clinically 
significant postoperativebleeding was 0.4% compared to 0.2% in the groups receiving opiates. Drug /nteractiors: TORADOL is 
highly bound to plasma protein (mean 99.2%), independent of concentration. /n vitro binding of warfarin to plasma proteins is 
slightly reduced by TORADOL (99.5% control vs 99.3% with TORADOL 5-10 g/mL}. TORADOL does not alter digoxin protein 
binding. At therapeutic concentrations of salicylate (300 pg/ml), in vitro binding of TORADOL was reduced from 99.2% to 
97.5%, a potential 2-fold increase in unbound TORADOL plasma levels; hence, use TORADOL with caution (or at a reduced 
dosage) in patients being treated with high dose salicylate regimens. Therapeutic concentrations of digoxin, warfarin, 
ibuprofen, naproxen, acetaminophen, phenytoin, tolbutamideand piroxicam did not alter TORADOL protein binding. In a study 
of 12 healthy volunteers given TORADOL 10 mg orally for 6 days prior to co-administration of a single dose of warfarin 25 mg, 
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the hepatic enzymes capable of metabolizing itself or o:her drugs. Some NSAIDs inhibit renal lithium clearance, leading to 
increased plasma concentration. This has not been studied with TORADOL. Some NSAIDs reduce the clearance of 
methotrexate enhancing its toxicity. This has not been studied with TORADOL. TORADOL has been administered concurrently 
with morphire in clinical trials without adverse interactions. Carcinogenesis, Mutagenesis, and Impairment of Fertility: 
Studies in mice and rats at oral doses equal to or 2.5 times the parenteral MRHD [Maximum Recommended Human Dose), 
respectively, showed no evidence of tumorigenicity. Ketcrolac was not mutagenic in tests with S. typhimurium S. cerevisiae, 
or E. coli and did not cause chromosome breakage in the /n vivo mouse micronucieus assay. Impairment of fertility did not 
occur in male or female rats at oral doses 4.5 and 8 times the parenteral MRHD, respectively. Pregnancy: Pregnancy Category 
B: Reproduction studies in rabbits and rats with daily oral doses 1.8 and 5 times the parenteral MRHD, respectively, did not 
reveal evidenze of harm to the fetus. Ketorolac caused celayed parturition and dystocia-in rats at oral doses higher than the 
parenteral MRHD, like other NSAIDs. There are no adequate and well-controlled studies in pregnant women. TORADOL should 
be used during pregnancy only if clearly needed and no kr own safer alternatives are available. Labor and Delivery: TORADOL is 
not recommended for use during labor and delivery. Lactation and Nursing: After a single oral dose of TORADOL 10 mg to 
humans, the maximum milk concentration was 7.3 ng/mL and the maximum milk-te-plasma ratio was 0.037. Arter one day of 
dosing (qid), the corresponding values were 7.9 ng/mL end 0.025. Use caution when TORADOL is administered to a nursing 
woman. Pedratric Use: TORADOL is not recommended for use in children. Use in the Elderly: Because ketorolac is cleared 
more slowly by the elderly, who are also more sensitive to renal effects of NSAIDs, use extra caution and reduced dosages when 
treating the elderly, Adverse Reactions: Adverse reaction rates from short-term use of NSAIDs are generally 1/2 to 1/10 
the rates associated with chronic usage. This is also true for TORADOL. In studies of patients treated for upsto 1 year, the 
incidence of serious and nonserious ADRs, including GI tract ulceration and bleeding (yearly rate 1.2 to 5.4%), associated with 
oral ketorolac 10 mg, 1 to 4 times per day prn, was comparable to treatment with aspirin 650 mg prn. Be aler for the usual 
complications of NSAID treatment. The adverse reactions listed below were repor:ed to be probably related t» TORADOL in 
trials in which patients received up to 20 doses of TORACOL 30 mg IM in 5 days. /neidence greater than 1%; Bady as a whole: 
edema. Gl: neusea* dyspepsia* GI pain* diarrhea. Nervous system: drowsiness.* dizziness, headache, sweating. Injection 
site pain was reported by 2% of patients in multidose studies vs 5% for morphine). *Incidence of reported reaction 3%-9%. 
Reactions occurring in less than 3% are unmarked. /ncidence 1% or less: Body as a whole: asthenia, myalgia. Cardiovascular: 
vasodilation, pallor. Dermatologic: pruritus, urticaria. Gl: constipation, flatulence, GI fullness, liver function abnormalities, 
melena, peptic ulcer, rectal bleeding, stomatitis, vomiring. Hemic and lymphatic: purpura. Nervous system: dry mouth, 
nervousness, paresthesia, abnormal thinking, depression, euphoria, excessive thirst, inability to concentrate, insomnia, 
stimulation, vertigo. Respiratory: dyspnea, asthma. Special senses: abnormal tasta, abnormal vision. Urogenttal: increased 
urinary frequency, oliguria. Drug Abuse and Physical Dependence: TORADOL is not a narcotic agonist ar antagonist. 
Subjects did not show any symptoms or signs of withdrawal upon abrupt discontinuation of IV or IM dosing. Patients receiving 
TORADOL orally for = 6 months have not developed tolerance and there is no pharmacologic basis to expect addiction. 
TORADOL dic not exhibit activity in classical animal studies which are reasonable predictors of opiate analgesic action. /n 
vitro, TORADOL does not bind to opiate receptors. Thus, TORADOL does not have central opiate-like activity. Gverdosage: 
Lack of experience with acute overdosage precludes characterization of sequelae and assessment of antidoral efficacy. At 
single oral doses > 100 mg/kg in rats, mice and monkays, symptoms such as decreased activity, diarrhea, pallor, labored 
breathing, rales, and vomiting were observed. Dosage end Administration: TORADOL may beused ona regular schedule 
or prn, although current recommendations for pain management are to use analgesics on a regular schedule rather than prn 
based on the return of pain. For the short-term management of pain the recommended initial dose is 30 or ED mg IM as a 
loading dose, followed by half of that (15 or 30 mg) every 6 hours as long as needed to control pain. The recommended 
maximum total daily dose is 150 mg for the first day and 120 mg/day thereafter. The lower end of the dosage range is 
recommended for patients under 50 kg (110 pounds), for patients over 65 years of age. and for patients with 'educed renal 
function. CAUTION: Federal law prohibits dispensing without prescription 
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ULCERATIVE COLITIS 
CAN STRIKE ANY FAMILY. 


We are all equally at risk. 

Young and old. Rich and poor. Black and white. 
Republican and Democrat. 

Ulcerative colitis and Crohn's disease dont discriminate. 

These two dangerous and misunderstood diseases now 
affect about two million Americans from every walk of life. 

The Bush family knows this only too well. . 

In 1986, ulcerative colitis nearly claimed the life of the youngest Bush son, Marvin. Only surgery to 
remove his entire large intestine saved him. 





Until we find a cure, countless others will endure the agony and humiliation of these devastating 
diseases. 

The hope is education and research. 

Marvin Bush and the Bush family urge you to learn more about 
how the Crohn's & Colitis Foundation of America is helping victims ( TA 
oe Crohn's & Colitis Foundation 

4 logether we can make a difference. 64 America hd 

Because the only thing shameful about these diseases is that 1-800-343-3637 

theres still no cure. N setas obediens «o 


«(formerly National Foundation for lleitis and Colitis, Inc). zog 


A cornerstone of surgical management 


CARE of the SURGICAL PATIENT 


from the American College of Surgeons and Scientific American Medicine 





AIR. RIAL BOARD | "CARE of the SURGICAL PATIENT is a 
VEM OPE EDITO dd "Ens | much needed comprehensive overview of 
. Douglas W ,Wilinore, MD. Harvard Medical School, Brigham and surgical care.... Illustrated magnificently... 
dr dmn m epis: | A highly recommended reference useful 
. Bi n, M.D. Memorial Sloan-Kettering Cancer Center on a daily basis... 
H Harken, M.D. University of Colorado Health Sciences Center Annals of Surgery 212:646, 1990 


bi | ar ne : W. Holcroft, M.D. University of California, Davis Medical Center 
- Jonati an L. Meakins, ! MD. McGill University, Royal Victoria Hospital CARE of the SURGICAL PATIENT gives you 

CY a | plus more than 90 distinguished authors what you need to know—and saves you time. 
Features: 





* complete coverage of the ICU, emergency 
care, burns, trauma, infections, elective 
complications 

















* concise algorithms lead the chapters 


€ hundreds of beautiful illustrations, photo- 
graphs, and tables 


€ designed for rapid retrieval of information 


€ updated three times a year, to incorporate 
important developments in the medical 
management of surgical patients ` 


Try CARE of the SURGICAL PATIENT— 
FREE for 30 days. 


If you're not entirely satisfied, just return it. 
No risk. No obligation. 


Order toll-free 1 800 545-0554 











DIED ALLS VS" ST} 


“A veritable kos uio of nationally: and internationally 1 recog- 
nized surgical experts.... Remarkably consistent and eminently 
readable throughout..." 
:  . New England Journal of Medicine 323281, 1990 


| “Truly state of the art.... Not justa review or reference textbook, 
| but a continually updated compe: dium of the art of peri- 
operative care... Should remain the efinitive work for many 
; years to come..." | i 
APTA Reviewed by: Peter M. Taft, M.D., JAMA 265: 652, 1991 
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415 Madison Avenue, New York, NY 10017 Name 
1 800 545-0554 RN 
C YES, send me CARE of the 
SURGICAL PATIENT. | | 
City State _ Zip 
I will receive the two-volume, 1,500-page set Signature — — . Specialty 
and one update for US$225. If not entirely 
satisfied, | may return the books within 30 * Add sales tax for DC, IA, IL, MA, MI or NY. Institutions: enclose tax exempt certificate if applicable. Allow 6 weeks for 
days for a full refund. delivery. For Canada: please make payment in U.S. funds or equivalent; all other must be in U.S. funds. 
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m yha geal Echocard iography 


Preliminary Results in Patients With Traumatic Aortic Rupture 


Michael B. ‘Sparks, MD; Kenneth W. Burchard, MD; Charles A. S. Marrin, MB; 
Christian H. G. Bean, MD; William C. Nugent, jr, MD; Jonathan F. Plehn, MD 


€ Eleven patients with blunt chest trauma at risk for trau- 
matic aortic rupture underwent transesophageal echocar- 
diographv to image the descending aorta. Diagnoses were 
compared with the results of radiographic studies. Ten of the 
11 patients underwent arch aortography, with positive re- 
sults in six cases. In one patient, the results of a computed 
tomographic scan were interpreted as consistent with aortic 
rupture. The results of transesophageal echocardiography 
were positive for ruptured descending aorta in three of six 
patients with positive aortographic findings, and negative in 


Um eight patiests. All three patients with positive findings had 
eae thedi PRSE 


ignosis of ruptured descending aorta confirmed at sur- 
'he remaining eight patients demonstrated no aortic 
dity. These preliminary findings suggest that trans- 
hage = echocardiography is a useful eenige for the 
gnosis of ruptured descendi lunt chest 









ngaorta following 





-. (Arch Surg. 1991;126:711-714) 


E in aortic dissections has been dem- 
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edge. We report the results of our preliminary experience — 
with TEE in the diagnosis of RDA following blunt chest | 
trauma. 


PATIENTS AND METHODS 
During a 12-month period, the diagnosis of RDA was consid- 
ered in 11 patients admitted to Dartmouth-Hitchcock Medical 
Center, Hanover, NH, who underwent TEE. This group repre- 


sented an estimated 25% of all patients admitted with severe - : 


blunt chest trauma during those 12 months. The cases were re- 
viewed retrospectively. 

Arch aortography was performed in 10 patients (two at other 
hospitals and eight at this institution). One patientunderwent com-. 
puted tomography at the referring hospital. For the purpose of this. 
study, arch aortographic findings were considered positive if in- 
terpreted as consistent with an aortic rupture by aradiologistand/or ^ 
cardiothoracic surgeon at the time the study was performed. 

Transesophageal echocardiography (Sonus 500, Hewlett- 
Packard, Andover, Mass) was performed in all 11 patients by an 
experienced echocardiographer (J.F.P.) in a variety of settings, 
including the emergency department, intensive care unit, and 
operating room. All TEE studies were performed within hours 
of admission to the hospital. The echocardiographer was not 


blinded to the results of radiographic studies, and, in fact, the - E 


study was often requested after a positive or equivocal arch aor- 
tographic finding was made. Short-acting benzodiazepines were 
administered for sedation when appropriate. The TEE was con- 
sidered positive for RDA if both discontinuity of the aortic wall 
and color ee flow outside the norma! aortic lumen were 
demonstrated. 


RESULTS 
| Demographic Data EN 
One female and ten male patients were included in the 


study. The mean age of patients was 30.4 years (range, 3T 
16-78 years). The number and type of associated injuries. 
were as follows: chest wall fractures, five; pulmonary con- 


tusions, four; long bone fractures, three; other orthopedic 
injuries, four; head trauma, one; and abdominaVgenito- 
urinary trauma, four. : 


RDA 

Eleven patients were evaluated for RDA. Of the nine 
patients with widened mediastinum en chest rcentgen- 
ography, six had positive aortographic results. Of :hese six 
apis three had positive TEE findings (Fig 1), and the 
inding of RDA was confirmed at operation. Of the three 
remaining patients with positive aortographic findings 
(Fig 2), all had negative TEE findings (Fig 3). Oneof these 
three patients was found to have no evidence of aortic 





Transesophageal Echocardiography —Sparks etal 711. 








Fig 1.—Representative transesophageal echocardiogram of a rup- 
tured aorta at the regicn of the isthmus. TL indicates true aortic lu- 
men; and R, the site or rupture. 





Fig 2.—Arch aortogram with positive findings, demonstrating an en- 
largement at the region of the isthmus. Thoracic exploration re- 
vealed no injury. 
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Fig 3. Representative transesophageal echocardiogram of a normal 
aorta a: the region of the isthmus. Note the intact aortic wall. 


injury or mediastinal hematoma at exploratory thoracot- 
omy. in the other two patients, the initial positive inter- 
ae ton of an arch abii eoi finding was believed to 

e in error when reviewed by the cardiothoracic staff sur- 
geon. Transesophageal echocardiography was used to 
help support this conclusion. Both of these patients had 
uneventful recoveries. 


COMMENT 

The natural history of traumatic RDA demands early 
diagnosis and surgical intervention for successful man- 
agement.?5$ The mechanism of injury and/or abnormal 
chest roentgenographic findings are widely accepted in- 
dications for aortography. Of several roentgenographic 
abnormalities studied, a widened mediastinum was con- 
sidered to be the most reliable predictor of RDA, with ap- 
proximately 90% sensitivity but only about 10% 
specificity.'31012 Diagnostic accuracy is not improved by 
the addition of other roentgenographic findings or other 
modalities, such as the computed tomographic scan.13 

Aortography is more specific than chest roentgenogra- 
phy but may still result in false-positive interpretations 
even when reviewed by experienced radiologists.34 The 
most frequent error in interpretation is mistaking a ductus 
diverticulum for an aortic rupture (Fig 2). The reported 
incidence of complications following aortography is as 
high as 1076 and can lead to significant morbidity, par- 
ticularly in the acutely injured patient.! In addition, aor- 
tography requires that expensive equipment, weise om 
technicians, and specially trained radiologists be readily 
availabie 24 hours a day. 

In this study, the fact that six of 10 porc findings 
were positive and three of these six were false-positive 
attests to the highly select nature of this group of patients. 
In fact, TEE was frequently performed in cases in which 
an initial interpretation of the arch aortogram was either 
positive or equivocal. 

Transesophageal echocardiography can be performed at 
the bedside or in the operating room simultaneously with 
other diagnostic or therapeutic measures without compro- 
mising the patient's care. Although the need for ancillary 
personrel is minimal, we found that the performance and 
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interpretation of these transeso hageal studies required 
an experienced echocardiographer. We experienced no 
difficulties in positioning the esophageal echo probe but 
were extremely careful to fully immobilize the neck when 
























*  cervica e injuries were suspected. 
Tran: hageal echocardiography can provide a 
rapid, relatively safe means of evaluating the distal aortic 
rch and KDA to the si Eine hiatus. Transesophageal 
chocardiography has already been shown to be effective 
in the diagnosis of aortic dissection.75 Traumatic aortic dis- 


cases. In the remaining 5% of cases, disruption occurs at 
the level of the aortic valve or aortic hiatus. We have not 
recently encountered atraumatic disruptions in either of 
these areas and therefore have no experience using TEE 
. for these injuries. The interposition of the left mainstem 
" bronchus makes it difficult to visualize the distal ascending 
' aorta and proximal transverse arch. We anticipate that 
with the development of a biplane TEE probe the entire 
aorta may be more effectively studied. Transesophageal 
echocardiography also affords the v pea to evaluate 
the heart during the same study, which may be of benefit 
in cases of suspected cardiac injury.!*!^ The aortic valve 
is well seen and disruption in this region should be readily 
visualized. 

We have described our preliminary experience with 
single-plane TEE in the diagnosis of RDA. These results 
are encouraging in that, to our knowledge, no patient with 
or without an aortic rupture was misdiagnosed with this 
technique. Future prospective studies with blinded inter- 
pretations of roentgenographic and echocardiographic 

studies and surgery in PH piece with positive aorto- 
graphic ndings are needed to determine the sensitivity 
-and specificity of this technique. 


ruption occurs at or around the aortic isthmus in 95% of 


od: 
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Discussion 

LenwortH M. Jacoss, Jz, MB, MPH, Hartford, Conn: The au- 
thors have identified an important issue in biunt chest trauma. 
The consequences of failing to identify an RDA are disastrous. 
The mortality from leaving this injury untreated approaches 
100%. The definitive investigation continues to be aortic arte- 
riography, which is an invasive, expensive procedure with some 
risk. The dilemma facing surgeons has been to distinguish pa- 
tients with aortic injuries from those with significant blunt chest 
trauma. Many attempts have been made to use physical findings 
and noninvasive roentgenographic findings to identify and select 
palis at high risk for aortic rupture and, therefore, candidates 

or invasive arteriography. The continuing challenge is to de- 
velop a less risky, equally accurate diagnostic modality that can 
differentiate with certainty those who have aortic rupture from 
those who do not. The authors have introduced TEE to image the 
heart and descending aorta in 17 patients with blunt chest 
trauma. Their results are encouraging but not definitive. I have 
a number of methodologic and procedural questions. 

The incidence of transected aorta appears to be unusually high 
(four of 17 patients) in the population studied. This raises ques- 
tions relative to patient selection. What was the definition of blunt 
chest trauma? Were all patients who fit that definition entered 
into this study? What were the exclusion criteria? Were the equip: 
ment and personnel available and used for ali candidates who fit 
this criteria? It would be important to focus on these issues since 
selection bias would severely influence the sensitivity arid spec- 
ificity of the results. 

Do you have long-term follow-up data on the two patients with 
positive arteriographic findings who were not explored? The au- 
thors propose this modality for descending aortic injuries. How 
did they exclude the rare, but equally lethal, ascendirg aortic 
rupture? Are they prepared to ignore this possibility, or would 
they need to exclude it with arch aortography? It would be helpful 
to describe the technique of introducing the:device in combative 
patients with head injuries or those who had an alterec level of 
consciousness. How was the technique modified in those pa- 
tients who had potential cervical spine injuries that required neck 
immobility? What are the risks of a in compromised 
patients with multisystem injuries? Were these patients excluded 
from this study? This is a promising procedure that cculd be a 
useful tool in treating this important injury. 

Rosert W. Hopkins, MD, Providence, RI: Your example seemed 
to show that the aorta lay at a more substantial distance from the 
probe than it did in your normal. Is that a criterion you mightuse 
in trying to decide whether there is a significant injury and he- = 
matoma? E 

H, Browne WHeELer, MD, Worcester, Mass: As Tlookatthe —. 
issue of large-vessel injuries, it seems to me that an increasingly 
important point is whether the patient has only an intimal flap 
or truly has a rupture. I agree with Dr Jacobs that if the patient 
does have a rupture and surgery is not performed, the mortality 
rate approaches 100%. However, I think many vascularsurgeons |. 
are taking a more conservative view toward mild intimal injury .- 
and frequently are not operating on just an intimal flap. I wonder © 
whether this new modality might be of any assistance in that — 
regard. GE 

BurcHarp : We reviewed an admittedly skewed population. 
What is required now is a prospective study of all patients witt 
significant blunt chest trauma in which they are subjected in an 
organized fashion to all the testing modalities we would normal 
use as well as to TEE. In the present study, the stimulas to per- 
form TEE was all too often the knowledge that the results of arch 
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Follow-up of Patients Who Underwent Arterial Switch Repair for 


Transposition of the Great Arteries 


Julita C. Mandoza, MD; Shirley A. Wilkerson, MD, PhD; 


Anabel H. Reese, MEd 


Thirty infants underwent arterial switch for transposi-ion of the great arteries within 
the first week of liie (mean age, 2.8 days). An additicnal three patients underwent 
repair at 542, 8, and 914 months of age. Six (18.2%) of 33 patients died. All the survivors 
were not receiving cardiac medications or diuretics at the time of the last follow-u 
visit. Examination ef 24 of 27 survivors at 1 to 5 years cf age revealed normal grow 
in 757» of the patients. Two patients had height, weight, and head circumference below 
the fifth percentile for age. Four patients had height amd weight appropriate for age 


|^ butheadciscumference below the fifth percentile, 


| normal findings in 18 patients. Three 












occur in patients who had low neurodeve 









morbi 
Reprin 








gency balloon atrial septostomy or mmeg 





eurodevelopmental testing yielded 


tients were censidered suspect and an ad- 
ditional three were abnormal neurodevelopmentally. Head circumference less than the 
fifth percentile, abnormalitieson computed tomographiz scans of the brain, and emer- 
ency switch eperation were more likely to. 
: opmental sco-es. We conclude that the ma- 
_. jority of patients who undergo arterial switch repair demonstrate normal growth and 
. development and ro impairment of cardiovascular function. However, significant 
dity im the form of neurodevelopmental problems may occur (AJDC. 1991,145:40- 


.. Reprint requests to the Department of Pediatrics, School of Medicine, University of 
_ Louisville, Louisville, KY 40292 (Dr Wilkerson). 
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Sequential Interleukin 2 and Interleukin 2 
. Receptor Levels Distinguish Rejection From — 
Cyclosporine Toxicity in Liver Allograft Recipients — 


Mary Ann Simpson, MD; Tonia M. Young-Fadok, MD; Peter N. Madras, MD; Richard B. Freeman, MD; 
Roy A. Dempsey, PhD; David Shaffer, MD; David Lewis, MD; Roger L. Jenkins, MD; Anthony P. Monaco, MD 


e Previous studies of renal transplant recipients have dem- 
onstrated that allograft rejection is accompanied bv an in- 
crease in plasma and urinary levels of interleukin 2 and its 
soluble receptor before the development of clinical symp- 
toms. After measuring interleukin 2 and interleukin 2 re- 
ceptor levels in the plasma, bile, and urine of liver transplant 
recipients, we found that rejection is preceded by elevation 
of plasma and biliary levels of both substances, that cyclo- 
. sporine toxicity did not affect either of these levels, and that 
; urinary levels of the substances are unaffected in either con- 
dition. Levels of interleukin 2 and interleukin 2 receptors 
-increased in bile earlier than in plasma, and interleukin 2 
. levels dic not overlap among stable patients and those ex- 

- periencing rejection, whereas levels of interleukin 2 recep- 
. tors did. Serial measurements of interleukin 2 levels, par- 
- ticularly in the product of the transplanted organ, provide 
a TOREM Mecsiment of the immunologic status ot the al- 
Arch Surg. 1991;126:717-720) 









T he advent of cyclosporine-based immunosuppression 

has led toa significant increase in the transplantation 
of hearts, livers, and pancreata. This growth of extrarenal 
organ transplantation, coupled with the lack of acceptable 
dialysislike alternatives to support these patients should 
the transplanted organ fail, has resulted in renewed in- 
terest in the development of immunologic monitoring 
techniques capable of distinguishing rejection from other 
forms of allograft dysfunction. Progress in this direction 
has been aided by the recognition of the role of lympho- 
kines in transplantation biology and by the development 
of reliable assays for their measurement. 

We have previously demonstrated! that sequential 
monitoring of interleukin 2 (IL-2) and its soluble receptor 
(IL-2R) provided reliable information concerning the im- 
munolozic status of the allograft in renal transplant re- 
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cipients. Specifically, we have shown that allogan tejer We 
tion is associated with increases in both plasma and 
urinary levels of IL-2 and IL-2R and that these increases — 
precede the development of clinical signs of rejection by ——— 
several days. In this study, we have extrapolated these — . 
monitoring techniques to recipients of orthotopie liver — 
transplants. ROMPE 


PATIENTS AND METHODS 
Patient Selection and Diagnostic Criteria — — 
The study included 46 recipients of hepatic allografts whoun- — 
derwent transplantation at New England Deaconess Hospital, — 
Boston, Mass, over 2 years. Of these, 20 patients had sequential 
plasma and urine specimens analyzed, and 26 had sequential __ 
lasma, urine, and bile samples analyzed. Specimens were cob — 
ected daily when possible, and averaged five collections per cat- — 
egory per week during the initial hospitalization aftertransplan- — 
tation. Levels of IL-2 were measured in all samples from all 
patients; IL-2R levels were measured in all samples from*hefirst 
20 patients enrolled in the study. Lymphokine levels were mea- = 
sured without knowledge of the patients’ clinical conditions, and — 
correlation of these levels with clinical course was deferred until — 
the conclusion of the study. All patients underwent urimary cy- — 
tologic examination as previously described! three times during 
the first week after transplantation and whenever there was a 
question of cyclosporine nephrotoxicity. | | 
All patients receiving liver transplants were monitored as de- 
scribed above. Patients selected for inclusion in this reporthad — 
had uneventful (ie, stable) postoperative courses and had expe- .— 
rienced ^uncomplicated" rejections (ie, biopsy-proven rejection 
with no evidence of infection, obstruction, or vascular compro- 
mise). It was hoped that thisstrategy wouldprovideaclearprofile 
of IL-2 and IL-2R levels in stable liver transplant recipients and = 
of the type and magnitude of change to be expected in'uncom- = 
plicated rejection episodes. | Me 
All patients received cyclosporine, azathioprine sodium, and - 
prednisone for immunosuppression following transplantation. 
and during stable periods. Acute rejection was managed with. 
three 500-mg doses of intravenous methylprednisolone (Solume 
















drol), and steroid-resistant rejection was managed with £ mg/day 
of intravenous OKT3 administered over 10:to 14 days. Patients. 
were considered stable if clinical, laboratory, and radiologic find- 
ings were within normal limits. Plasma, urine, or bile samples 
collected from patients in this group were S eain the ^: 
transplant" category for statistical analysis. The numbers of 
imens available for lymphokine assay (IL-2/IL-2R) from 
group of patients were as follows: plasma, 473/134; urine, 39 
and bile, 246/102. All rejection episodes were suspecte 
abnormalities in results of liver function tests and con 
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Mean +SEM Level of IL-2, ng/mL (Range) 
LL 


Plasma Bile Urine 


0.5+0.8 1.02 + 0.6 
(0 to 1.5) (0 to 1.77) 


4.31.2 8.0 5.4 
(1.86 to 10.3) (2.46 to 18.1) 


P <.001 <.0001 


*IL-2 indicates interleukin 2, and NS, not significant. 


Patient Group 
Stable transplant 


Acute rejection 


biopsy. Samples included in the "acute rejection" category were 
obtained on the day of biopsy and during the 2 days preceding 
biopsy; all were collected before the initiation of antirejection 
therapy. Acute rejection occurred in 35 patients (42 episodes); 
samples available for assay from these I (IL-2/IL-2R) were 
as follows: plasma, 123/77; urine, 111/81; and bile, 66/28. 

Cyclosporine nephrotoxicity was defined as whole-blood cy- 
closporine levels in excess of 500 ng/mL and coexistent renal dys- 
function that resolved with reduced doses of cyclosporine. y- 
closporine levels were monitored using a standard fluorescence 
polarization immunoassay (TDx) that measures the parent com- 
pound and certain metabolites. 

Specimens (blood, bile, and urine) were centrifuged as soon 
as possible after collection, and the cell-free supernatant was re- 
moved for IL-2 and IL-2R determinations. Urinary cytologic qual- 
ities were assessed after obtaiming the sediment from a 50-mL 
aliquot of urine, washing it in phosphate-buffered saline, stain- 
ing it with Wright-Giemsa's solution, and determining the cel- 
d content.! 

Determination of IL-2 Levels 

The method used has been described in detail elsewhere.! 
Briefly, DMS-1, a monoclonal antibody reactive with the com- 
bining site of human IL-2, was adsorbed onto 96-well, polysty- 
rene, micro-enzyme-linked immunosorbent assay plates. Pa- 
tient samples, controls, and standards were added and 
incubated. Subsequent incubations included polyclonal rabbit 
antihuman IL-2, alkaline phosphatase-conjugated goat antirab- 
bit immunoglobulin, and substrate (p-nitrophenylphosphate). A 
yellow appearance indicated a positive result; color intensity was 
proportional to the amount of IL-2 bound from the sample. The 


reagents used are commercially available from ENDOGEN, Inc, 
Boston, Mass. 


Determination of IL-2R Levels 

These determinations were performed using a kit (Cell-Free; 
T-Cell Sciences, Inc, Cambridge, Mass) that employed standard 
enzyme-linked immunosorbent assay techniques as described 
above with the following exceptions: monoclonal and polyclonal 
antibodies were directed against the 55-kd low-affinity receptor 
for IL-2, the goat antirabbit immunoglobulin was conjugated to 
horseracish peroxidase, and n-orthophenyldiamine was used as 
substrate. 


RESULTS 
IL-2 Levels 
Plasma, biliary, and urinary IL-2 levels in stable liver 

allograft recipients and in liver allograft recipients expe- 
riencing acute rejection are shown in Table 1. Plasma IL-2 
levels in stable patients were low and similar to those 
found in normal control subjects (data not shown). Bili 
IL-2 levels were slightly higher than normal, but sti 
within the expected range. In contrast, during acute re- 
jection, both plasma and biliary IL-2 levels demonstrate 
approximately eightfold increases. No overlap of levels 
between the stable and rejecting groups was observed. 
Interleukin 2 was not detected in the urine of any liver 
transplant recipient. 
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Patient MJ suffered a rejection episode that was confirmed with bi- 
opsy. Rssults of a biopsy performed on the 12th day after surgery 
showea marked portal mononuclear cell infiltrate, and results of 
laboratcry tests showed increased liver function values. Plasma in- 
terleukin 2 (IL-2) and biliary IL-2 levels began to increase 3and 6 days, 
respectively, before clinical diagnosis. Both plasma and biliary IL-2 
levels peaked on the day of clinical diagnosis (samples were ob- 
tained before initiation of antirejection treatment). 


Mean t SEM Level of IL-2R, U/mL (Range) 
LD, 


Urine 


162+194 
(25 to 735) 


Plasma Bile 


322+ 261 386 + 287 
(80 to 840) (71 to 902) 


1921-2014 2670+2216 171+169 
(87 to 5872) (765 to 7889) (32 to 796) 


P 001 <.0005 NS 


*IL-2R indicates interleukin 2 receptor, and NS, not significant. 





Patient Group 


Stable transplant 


Acute rejection 





Sequential IL-2 levels of individual patients were exam- 
ined, and both plasma and biliary IL-2 levels were higher 
than baseline levels before the appearance of clinical signs 
of rejection. Biliary levels gener M increased first (1 to 8 
days before clinical diagnosis), followed by plasma levels 
(1to 4 days before clinical diagnosis). Following successful 
treatment of rejection, biliary IL-2 levels decreased rapidly 
and returned to prerejection levels within 4 or 5 days of 
initiation of antirejection treatment. Plasma levels also de- 
creased after successful antirejection therapy, but the re- 
turn to pretreatment levels required 7 to 10 days. The Fig- 
ure shows sequential plasma and biliary IL-2 levels in a 
patient who suffered a rejection episode 14 days after sur- 
gery. 

IL-2R Levels 

Table 2 shows the results of IL-2R determinations ob- 
tained in this study. Plasma and bile of stable patients 
showed similar means and ranges and did not differ sig- 
nificantly from levels found in normal control subjects. In 
contrast, mean IL-2R levels were significantly elevated 
during acute rejection episodes in both plasma and bile. 
Although mean IL-2R levels were elevated during rejec- 
tion, the range of values observed in stable patients over- 
lapped with that observed in patients who experienced 
rejectior. After successful treatment of rejection, a tran- 
sient increase in IL-2R levels in both bile and plasma was 
observed in most patients. This was followed by a gradual 
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return to r rerejection levels. Sequential IL-2R levels from 
individual patients during rejection episodes were h:gher 
line levels, and, in most patients, these increases 


COMMENT 
These results suggest that acute rejection of liver al- 









lografts is associated with significant elevations of plasma 
and biliary IL-2 and IL-2R levels, but no change in these 
parameters occurred during stable allograft function. 

hese results are similar to earlier results from kidney al- 





lograft recipients! and are generally similar to results of 
several reports^? of elevations of IL-2 and IL-2R levels in 
both transplant- and nontransplant-related activation of 
the immune system. 

This study also confirmed two principles that were elu- 
cidated during our study of renal transplant recipients. 
First, whenever possible, the product of the transplanted 
organ is the specimen of choice for immunologic moni- 
;, toring. This is based on the proximity of the graft- 
| infiltrating cells and soluble mediators specifically in- 

_ volved in che rejection process. Bile levels of IL-2 and IL-2R 
m oo trated larger and earlier increases during rejection 


than did the corresponding plasma values. Also, the range 
. Overlap 


-y values during rejection showed significantly less 
- matched plasma values. 


with stable values than did the temporally 

The second observation confirms the value of sequential 
monitoring of individual patients. Correlation of sequen- 
tial levels with clinical course showed that rejection was 
associated with elevations of both IL-2 and IL-2R levels 
and that these elevations preceded the development of 
clinical symptoms by approximately 2 days (range, 1 to 8 
days). This approach is particularly important when in- 
|^ terpreting results of IL-2R determinations. While one level 
may appear to be within the range observed in patients 



















with stab e allograft function, if it represents an increase 
com ith that individual's baseline value that is con- 
-sis creasing; it most likely represents an activation 


stem, and rejection must be considered. 
“allografts is frequently ac- 
























pa output, it is unlikely that 
the incre n biliary IL-2 and IL-2R levels observed dur- 
ing rejection may iren ip explained by a simple di- 


lution vsconcentration effect. For example, elevated levels 
were observed several days before the development of 
clinical signs of rejection, when bile output was normal. 
Also, when obstructive complications caused reduced bile 
output, no elevations of IL-2 or IL-2R levels were noted. 
Although elevated IL-2 and IL-2R levels are strongly as- 

ited with established or impending rejection epi- 
association is not exclusive. Increased values 
served in various infectious states.” Studies are 
$ to determine whether rejection and infection 
tinguished by lymphokine levels. We believe 
hokine levels in plasma and bile offer valuable 
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information concerning the immunologic status of the 
transplanted liver, but that infectious complications must 
be ruled out before antirejection treatment is initiated. 
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Discussion 

A. Benevict Cosmi, MD, Boston, Mass: What you have ad- 
dressed in your studies is a problem that, as you pointed out, 
remains a major limitation in transplantation. We have alse been 
interested for some time in immunologic monitoring as a possible 
means of diagnosing rejection. However, the-development of a 
reliable, noninvasive, and sensitive diagnostic test of early re- 
jection has been an elusive goal. Unfortunately, isolated deter- 
minations from these assays fail to differentiate rejection from 
any other “immunologic” event that may develop in the alograft 
recipient. Thus, at least in our experience, elevated serum IL-2R 
levels may be the result of infection, rejection, er even the surgical 
procedure itself. In renal seen recipients, we have reported 
that these assays can be useful, and I know your group has con- 
firmed this in several recent publications. In those patients, how- 
ever, we have found that the most reliably predictive information 
is obtained if one considers serial IL-2R observations together 
with the serum creatinine (Transplantation. 1989,48:800-804). By 
combining the two tests, one can accurately distinguish between 
cyclosporine toxicity, viral infection, and rejection, which is typ- 
ically the diagnostic dilemma following kidney transplartation. 
Thus, with rejection, both levels are elevated; with infection, only 
the IL-2R level is elevated. In cases of cyclosporine toxicity, the 
creatinine is elevated, but the serum IL-2R level remains re.atively 
stable. 


In liver allograft recipients, however, one does not usually con- . 


sider cyclosporine toxicity when the question of rejectior arises. 


Thus, my first question is how you suggest this assay be utilized. cS 


in the early posttransplant period. Typically, in recipientstreated | 
with conventional cyclosporine protocols, the bilirubin starts ris- 
ing on about the fifth or sixth day, and one does not know if this 
is the result of ischemic injury to the allograft, rejection, er some 
technical problem. In our experience, serum IL-2R levels are usu- 
ally elevated in most patients during the early postoperative pe- 
riod. Thus, the assay has not distinguished among the usual pos- 
sibilities, and biopsy has often been required. You have told us 
that you find a correlation of low levels with stable recipients and 
high levels with unstable patients suffering rejection. Whatis the 
observation in unstable patients not suffering rejection? Has the 
assay been useful in the differential diagnosis in the early post- 
operative period? | 
In the later postoperative period, we find a fair amoun: of vari- 
ability in the day-to-day or sample-to-sample results of these as-- 
says. Thus, the interpretation of a single elevated levelis difficult, 
and, again, we often proceed with a biopsy because the diagnosis 
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I have described the first steps toward the deve lopment ofa test a 
for rejection, and I would like it to be looked on in that way and — 
for others to help us with this problem. | 


Invited Commentary 





: ` & holy grail for investigators in the field of transplantation 
~ ae I -is to deve op asimple, sensitive, and specific test to detect the 
-~ onset of rejection. The transplant team at the New England 
| Deaconess Hospital has reported that plasma and urinary lev- 
| elsofIL-2and IL-2R are elevated during acute renal transplant 
| rejection. The potential advantage of these assays is that their 

- results are a relatively ¢ indication of an immune re- 

. sponse, Other causes of liver Es d dysfunction, such as 

|. |. preservation injury, cholestasis, or vascular thrombosis, the- 

-. |]. oretically should not be associated with the same degree of 

Es elevation of IL-2 or IL-2R levels. 

s Tis report does not attempt to address-the issue of spec- 
CI: ifiito y results from stable patients with histolo ically con- 
v firmed acute rejection are reported. Other conditions that 
pU stimulate an immune res e, such as most infections, are 
. -| also associated with elevated lymphokine levels. However, 

some combination of these tests and other laboratory studies, 











such es those involving liver function tests, could increase 
specificity. The report also indicates that lymphokine levels 
increase 1 to 8 days before clinical diagnosis. Thus, the test 
could be used as a screening device that would indicate when 
additional diagnostic studies such as liver biopsy were ap- 
propriate. Obvious disadvantages are that the test and pro- 
cedures are not readily available and would need to be per- 
formed almost daily to function adequately as screening tools. 
This ccncise report is an important contribution and provides — 
the information needed to encourage additional investiga- | 
tion. The report would be more helpful if results were also | 
analyzed in terms of individual patients rather than in terms 
of just rejection episodes. 

Jezemian G. Turcorre, MD 

Aan Arbor, Mich 








Liver Allograft Rejection—Simpson et al 








A 


empiric solution. 





Cefizox' 


» brand of sterile 


ceftizoxime sodium 


sterile ceftizoxime sodium and 
ceftizoxime sodium injection 


See prescribing information in FPC literature or PDR. The 
following is a brief summary. 

CONTRAINDICATIONS Wisk 
Cefizox (sterile ceflizoxime sodium FPC) is contraindicated in patients 
who have known allergy to the drug. 


WARNINGS 

BEFORE THERAPY WITH 'CEFZOX' IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD 
PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, 
PENICILLINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN 
CAUTIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS 
SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO 





T 
REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 

Pseudomembranous colitis has been reported with the use of cephalo- 
Sporins (and other broad-sprectrum antibiotics); therefore, : is important 


with antibiotic use. Treatment with broad-spectrum antibiotics alters normal 
flora of the colon and may permit overgrowth of Clestridia. Studies in- 
dicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and co resins have 
been shown to bind the toxin in vitro. Mild cases of may respond 
to drug discontinuance alone. Moderate to severe cases should be 
hram mee ono soot btn du cei rab pm 


for pseudo- 
membranous colitis produced by C. difficile. Other causes of colitis should 
also be considered. 


PRECAUTIONS 

General: As with all broad-spectrum antibiotics, ‘Cefizox' should be 
prescribed with caution in individuals with a history of gastrointestinal 
disease, particularly colitis. 

Although ‘Cefizox” has not been shown to produce an alteration in renal 
function, renal status should be evaluated, especially in seriously ill patients 
receiving maximum dose therapy. As with any antibiotic, pr use 
may result in overgrowth of organisms. Careful observation 
is essential; apprapriate measures should be taken if superinfection occurs. 
Drug Interactions: the occurrence has not been reported with 
S anges eon been eget e boca copine 
stration of other cephalosporins and aminoglycosices. 

Pregnancy: (Category B.) Reproduction studies have been performed 
i MUR ond hive tomes) vo iEn Eie QUE 
or harm to the fetus due to ‘Cefizox: There are, however, no adequate 
and well-controlled studies in pregnant women. Because animal 
reproduction studies are not always predictive of human r , this 
drug should be used during pregnancy only if clearly : 
Labor and Doluan: Safely of ‘Cofzax’ use during labor and delivery 
has not been established. 


Nursing Mothers: ‘Cefizox’ is excreted in human milk in low concentra- 
tions. Caution should be exercised when 'Cefizox' is administered to a 
nursing woman. 


i been with 
elevated levels of eosinophils, SGOT, SGPT and CPK (creatine 
kinase). The CPK elevation may be related to I.M. administration — 
ADVERSE REACTIONS 
Ceftizoxime is lola he most frequent adoras reactors 
ler than 1" but less than 5%) are: i oe nl pruritus, 
a e Miao Traserteoshophla: Eoi vM Some 
have developed a positive Coombs test. Loza/—Injection site— 
Burning, cellulitis, phlebitis with |.V. administration, pain, induration, 
tenderness, paresthesia. 


Less frequent adverse reactions (Jess than 1%) are: Hypersensi- 
nas Ae cie ec reactions been reported 
rarely. Hepalic— Elevation of bilirubin has been reported rarely. Rena/— 
Transient elevations of BUN and creatinine have been occasionally 


"Cefizox (sterile ceftizoxime sodium, FPC) is supplied in vials equivalent 
to 1 gram or 2 grams of ceftizoxime; in Pharmacy Bulk Vials equi 

to 10 grams of ceftizoxime; and in “ " Vials for I.V. sonore 
equivalent to 1 gram or 2 grams of xime. 

Note: Unreconstituted 'Cefizox' (sterile ceftizoxime sodium, FPC) should 
be protected from excessive light, and stored at controlled room 
temperature (59°-86°F) in the original package until used. 

‘Cefizox’ gene ere inj , FPC) as Py Sterile, non- 
pyrogenic solutien c —supplied ml. 

containers equivalent to 1 gram or 2 of ceftizoxime, in 5% 

(D5W). Do not store above ih: ans 

'Cefizox' supplied as a frozen, sterile, ogenic solution in plastic 
containers is manufactured for Fujsawa Pharmaceutical Company by 
Baxter Healthcare Corporation, Deerfield, IL 60015. 


© 1991 Fujisawa USA, Inc. CF 191 January 1991 
tsFujisawa 


Manufactured for 
g mk of Ag ree USA, Inc. 
Deerfield, Illinois 60015 


For 


answers to 
questions 
about 
adolescent 


health... 


AMA Profiles of 
Adolescent Health 
Series 


> Volume One- 


America’s Adolescents: 

How Healthy Are They? 

This volume provides an overview 
of the major issues, including 
mental health, sexual behavior, 
substance use, HIV/AIDS, 
chronic illness, causes of death 
and more. 


Authored by Janet E. Gans, Ph.D., 
in collaboration with Dale A. 
Blyth, Ph.D., Arthur B. Elster, 
M.D., and Lena Lundgren 
Gaveras, M.A. 


> Volume Two— Adolescent 


Health Care: Use, Costs and 
Problems of Access 


This volume presents and inter- 
prets national statistics on the 
use, financing and availability of 
adolescent health care services 
including: 


» Which health care services 
adolescents use 


» Adolescent health insurance status 


» What U.S. families spend on 
adolescent health care 


» Non-financial barriers that limit 
adolescent use of health services 


> Policy options for improving health 
access 


Authored by Janet E. Gans, Ph.D., 
Margaret A. McManus, M.H.S. 
and Paul W. Newacheck, Dr.P.H. 





The AMA Profiles of Adolescent 
Health series provides the most 
comprehensive and concise refer- 
ences available on adolescent 
health issues. 


Both volumes are highly readable 
and illustrated with charts and 
graphs that can be easily 
reproduced and incorporated into 
reports, proposals, presentations 
and other educational anc 
advocacy materials. 


AMA Profiles of Adolescent 
Health Serie:: 


Volume One — America’s Adoles- 
cents: How Healthy Are They? 
OP012690 

Low charter volume price 
AMA Members: $10.00 
Non-members: $12.00 


Volume Two— Adolescent Health 
Care: Use, Costs and Problems of 
Access. OP018091 

AMA Members: $17.00 
Non-members: $22.00 


To order call toll-free 


1-800-621-8335 


Visa, MasterCard, American Express and 
Optima. Appropriate U.S., state and Cana- 
dian sales tax will be added as applicable. 
$3.50 will also be added for shipping and 
handling for all orders under $35.80. 





723 





A Flexible Approach to Infrapopliteal Vein Grafts 
in Patients With Diabetes Mellitus 


Frank B. Pomposelli, Jr, MD; Stephen J. Jepsen, MD; Gary W. Gibbons, MD; David R. Campbell, MD; 
Dorothy V. Freeman, MD; Barbara M. Gaughan, RN; Arnold Miller, MD; Frank W. LoGerfo, MD 


(9 From October 1985 to August 1989, we performed 156 
. . dorsalis pedis artery bypasses in 146 patients, 139 (95%) of 
_ whom had diabetes mellitus. A variety of surgical techniques 
. were used to shorten surgery, limit incision length, and op- 
-. timize size-matching between vein grafts and arteries when- 
- . ever possible. Arterial inflow was from the common femoral 
artery in 58 cases, from the distal superficial femora! or 
-.. popliteal artery in 88 cases, froma tibial artery in three cases, 
|. and from a preexisting bypass in seven cases. In situ (75 
|... cases), ex situ reversed— or nonreversed—vein (62), compos- 
. . ite vein (nine), and polytetrafluoroethylene (one) bypasses 
|... were constructed. Four patients (2.7%) died, and seven 
|. grafts (4.5%) failed within 30 days. Actuarial patency and 
limb salvage 6 to 52 months after surgery were 87.1% and 
|. 91.655, respectively. There were no significant differences 
-in patency between in situ and ex situ vein grafts (93.2% vs 
89.7%) or between common femoral artery inflow site and 
-distal superficial femoral/popliteal artery inflow site (89.3% 
| (Arch Surg. 1991;126:724-729) 
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. patent and minim 
"transverse diamenter) as demonstrated on the arteriogram, in- 


e vein. >15 In addition, the tran 
flow was routinely taken from the distal, most undiseased por- 


nginflow fromthecommon flow w al n the dist 1t: 
al ` tion of the superficial femoral or popliteal artery. When the su- 
- perficial femoral artery was more diseased or occluded, inflow 
. was taxen from the common femoral artery. 

_ When the ipsilateral saphenous vein was available, bypasses 


ing the in situ technique. Veins with internal diar 
2.5 


We have used all of these e frequently when 
performing vein bypasses to the dorsalis pedis artery. 
Hereia, we examine the results and determine whether 
there is a difference in outcome between the various tech- 
niques. 


PATIENTS AND METHODS 
| Patients 

The records of 146 patients who underwent 156 siyas tothe 
dorsal:s pedis artery between October 16, 1985, and August 28, 
1989, were reviewed. The clinical characteristics ofthis group and 
the incications for surgery are listed in Table 1. A total of 139 (95%) 
of the patients had diabetes mellitus. All procedures were per- 
formed for limb salvage. Seventy-five patients (51%) had sec- 
ondar” infection and/or gangrene. Eighty-six extremities were 
evaluated preoperatively in our noninvasive diagnostic vascular 
laboratory. The mean ankle-brachial ratio was 0.67, and all pa- 
tients had flat or nearly flat forefoot pulse volume recording trac- 
ings (mean, 4 mm). 

Arterial anatomy was evaluated preoperatively using compre- 
hensive intra-arterial digital subtraction angiograms from the re- 
nal arteries to the toes. Anterior/posterior and lateral foot pro- 
jections were obtained using magnification views as necessary to 
completely visualize the pedal circulation. The dorsalis pedis ar- 
tery was successfully visualized in 148 extremities (94.9%). 

Precperative preparation included control of foot infection 
through administration of broad-spectrum intravenous antibi- 
otics, incision and drainage of abscesses, and débridement or 
open forefoot partial amputation as required. Concurrent car- 
diovascular problems were aggressively managed, and diabetes 
was controlled. Procedures were performed with Swan-Ganz 
catheters and arterial lines placed while patients received gen- 
eral, spinal, or epidural anesthesia. 

Surgical Technique 

Based on several factors, a variety of techniques were used to 
perform these bypasses. When the superficial femoral artery was 

inimally diseased (less than 30% stenosis of the 





performed us- 
th meters of 2 to 

mm distally were routinely used. When the distal superficial 
femoral or popliteal arteries were used for inflow, in situ and 


origineting from the common femoral artery were 





ex situ reversed-and nonreversed-vein techniques were all ini- 


tially used. The in situ technique was used infrequently because 
the nonmobilized segment, after completion of both anasto- 
moses, was short and required a second incision on the dorsum 
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of the foot to expose the distal portion of the saphenous vein. 
Thus, our preference is to use ex situ reversed-or nonreversed- 
vein grafts. Tooptimize size matching between the vein graft and 
the inflow and outflow arteries, reversed-vein grafts were used 
when the caliber of the vein was larger at the ankle than at the 
knee. Wher the converse was true, the valves were cut and the 
vein used im a nonreverse fashion. The extra length of vein re- 
quired to reach the dorsalis pedis artery was obtained from the 
proximal end of the vein (at the knee) to avoid a second foot 
incision. 

When the ipsilateral mi ese vein was incomplete, inade- 
quate, or absent, vein conduits were constructed using contralat- 
eral saphenous vein, arm vein, or composites of arm and saphe- 
nous vein remnants. Use of the contralateral saphenous vein was 
avoided whenever signs of arterial insufficiency were present in 
that extremity. In complicated "redo" cases in which vein avail- 
ability was a problem, inflow was taken from the distal portion 
of a functioning proximal bypass when present or from the most 
distal portion of the native arterial circulation possible, including 
tibial arteries. Very rarely, when vein availability was a significant 
problem, greater degrees of disease in the superficial femoral ar- 
tery were accepted (up to 50% stenosis of the transverse diameter 
andanintraoperative popliteal/radial artery systolic pressure gra- 
dient of 15 mm Hg or less), or adjunctive preoperative balloon 
dilation of the superficial femoral artery to improve inflow was 
performed. Vein grafts in these situations were used in either 
reversed or nonreversed fashion according to our previously de- 
scribed size matching criteria. The numbers and types of vein 
grafts and inflow sources used are listed in Table 2. 

Our technique for performing the dorsalis pedis bypess has 
been described.!? Briefly, the artery is located on the dorsum of 
the foot just distal to the ankle joint using a sterile, continuous- 
wave, Doppler probe. A short, vertical incision is made to expose 
the artery, which can be found beneath the incised inferior ex- 
tensor retinaculum. The segment between the lateral tarsal 
branch and the bifurcation of the dorsalis pedis into the deep 

lantar and first dorsal metatarsal artery is usually suitable for 
ss. However, branches of the dorsalis pedis artery can be 
used when this segment is occluded or diseased. In some cases 
(eight in this study), a suitable artery for bypass was found when 
a Doppler signal was present on the foot but the artery was not 
visualized on the arteriogram. The vein is then exposed from the 
ankle as far imally as needed. When an in situ bypass is 
performed, the vein, including the segment on the dorsal aspect 
of the foot (the medial marginal branch of the saphenous vein), 
is completely exposed, creating a second incision parallel to the 
one used to expose the artery. It is important to mobilize the vein 
far enough proximally to avoid tunneling it directly under the 
skin bridge created between these two incisions, thus minimizing 
the chance of skin necrosis. 

Optimal lighting, magnification, and fine instruments with 6-0 
or 7-0 pne sutures on cardiovascular cutting needles 
are routinelv used. Control of the dorsalis pedis artery is achieved 
with polymeric silicone (Silastic) vessel loops or intraluminal cor- 
onary artery occluders when extensive calcification is present. 


Follow-up 

Four patients with patent grafts were unavailable for follow-up 
shortly after discharge, and follow-up was incomplete in 15 other 
cases. All other patients were evaluated 1 to 2 weeks after dis- 
charge, at 3-month intervals during the first year, and at 6- to 
12-month intervals thereafter. Patients with foot ulcers and/or 
open wounds were evaluated more frequently. Patency was de- 
fined as the presence of a pappen pulse on the dorsum of the 
foot. Patency rates were calculated using the actuarial life-table 
method. Camparisons were made using the log rank test. 


RESULTS 

Four patients (2.7%) died within 30 days of surgery, and 
seven grafts (4.5%) failed during this period, resulting in 
four majorand two transmetatarsal amputations. One pa- 
tient’s limb was salvaged by rebypassing into a proximal 
isolated anterior tibial artery segment. There were nine 
late graft failures, resulting in five major and one trans- 
metatarsal amputation. Three patients with late occlusion 
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No. of Patients 


Clinical characteristics 
M/F 


Diabetes mellitus 
Indicationst 

Ischemic ulcer 

Gangrene 

Rest pain 

Failed amputation 

Secondary infection 

Osteomyelitis 





*The mean age of the patients was 65.6 years; the median age, 67 
years; and the range, 27 to 42 years. 
tSome patients had more than one indication. 


Conduit 
In situ 
Ex situ* 
Arm 
Compositet 
Polytetrafluoroethylene 
Total 

Inflow source 
Common femoral artery 
Distal superficial femoral/popliteal artery 
Tibial artery 
Previous bypass graft 
Total 


*Includes 39 reversed and 23 nonreversed translocated saphenous 
veins. 

tAll were totally autogenous, including saphenous and arm vein 
segments. 





did not require amputation. 

Actuarial patency, limb salvage, and patient survival in 
the entire series, with follow-up ranging from 6 to 
52 months (mean, 18 months; median, 13.9 months) were 
87.1% +6.2%, 91.6% +5.6%, and 78.6% +8.4%, respec- 
tively (Fig 1). There were no significant differences in pa- 
tency rates between in situ and ex situ reversed- and non- 
reversed-vein grafts (93.2%+6.6% vs 89.7%+7.9%, 
P=.37; Fig 2) or between grafts using common femoral 
artery inflow sites and grafts using distal superficial fem- 
oral or popliteal artery inflow sites (89.3%+9.2% vs 
88.9% +7.9%, P=.95; Fig 3). Patency rates in complex 
“redo” cases in which arm or composite vein grafts were 
required or in which inflow was taken from previously 
placed bypasses or tibial arteries were significantly worse 
(54.9% +14.6%, P=.002, and 53.3% +40.8%, P=.07, re- 
spectively). 


COMMENT 

The advances in lower-extremity arterial reconstruction 
in the last decade have brought widespread agreement on 
two fundamental principles: that bypass grafting to the 
infrapopliteal arteries for limb salvage is both technically 
feasible and durable,341920 and that autogenous vein 
grafts are superior to prosthetic grafts in constructing 
these bypasses.?! 

Beyond this, there is little consensus among vascular 
surgeons as to which technique is best. The in situ tech- 
nique has been popular since its modification by Leather 
etal,” with many centers reporting improved patency and 
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% of Patients 





0 6 12 18 24 30 36 

Na. of Months After Surgery 
Patency, No. of Cases 156 117 89 55 40 20 8 
Salvage, No. of Cases 156 122 95 58 42 20 8 
Survival, No. of Cases 156 125 96 61 42 20 8 


Fig 1.—Actuarial patency, limb salvage, and patient survival rates 
associated with 156 dorsalis pedis artery bypass grafts. 


increased vein utilization.!.2225 This has been attributed to 
increased endothelial preservation due to less intimal 
trauma and better size matching; however, the validity of 
these claims continues to be challenged.!*/52* Moreover, 
comparable results have been demonstrated with 
reversed-vein bypasses, possibly because preservation of 
the endothelium in reverse-vein grafts has improved.” 

Conventional teaching has been that all lower-extremity 
bypasses should originate from the common femoral ar- 
tery even if the superficial femoral artery is patent because 
more distally based bypasses were likely to fail due to pro- 
gression of disease in the superficial femoral artery.5 Re- 
cent series, however, have demonstrated that compara- 
ble®* or even superior results and decreased wound 
morbidity? were possible with bypasses originating from 
the distal superficial femoral or popliteal arteries when 
minimal occlusive disease exists proximally. 

These issues are most critical in situations calling for a 
dorsalis pedis artery bypass,!? an inherently lengthy, te- 
dious, and technically difficult procedure. All of the com- 
monly encountered problems in distal bypass grafting, in- 
cluding long incisions, parallel foot incisions, difficulty 
with vein quality or availability, and size discrepancies be- 
tween veins and arteries, are frequently seen. Familiarity 
with all of the currently available techniques of construct- 
ing vein grafts and a flexible approach are essential to suc- 
cessfully and expeditiously complete the operation. 

We continue to favor the in situ technique in bypasses 
originating from the common femoral artery when the sa- 
phenous vein is intact. Removing and reversing the com- 
plete saphenous vein and trying to accommodate the size 
mismatch between the artery and vein at both anasto- 
moses seems unnecessarily laborious and technically less 
satisfactory. Whenever the superficial femoral artery is 
patent and minimally diseased, however, we preferen- 
tiallv take inflow from the most distal undiseased portion 
of the superficial femora: or popliteal arteries. This short- 
ens surgery and avoids the upper leg and groin incision, 
which is especially advantageous in obese patients to re- 
duce potential wound morbidity.*° This is also advanta- 
geous in patients with scarred groins from previous fem- 
oral dissections. When the saphenous vein is absent or 
inadequate and arm or composite vein grafts are neces- 
sary, a distally based bypass may be the only type possible. 
In these circumstances, we accept greater degrees of su- 
perficial femoral artery stenosis or attempt adjunctive pre- 
operative superficial femoral artery balloon dilatation. 
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% of Patients 





0 6 12 18 24 30 36 
No. of Months After Surgery 
In Situ, No. of Cases 75 58 43 33 26 15 6 
Ex Situ, No. of Cases 62 47 37 18 10 3 
Other, No. of Cases 19 12 9 5 2 2 2 


Fig 2. — Actuarial patency rates of 156 dorsalis pedis artery bypass 
grafts according to the type of conduit used. “Ex situ" includes re- 
versed and nonreversed translocated vein grafts. "Other" includes 
arm vein grafts, composite vein grafts, and one polytetrafluoroet- 
hylene graft. 


In constructing (Ai diet from distal inflow sources, 
there seems to be little advantage in keeping the vein in 
situ, even if possible, because the nonmobilized segment 
is quite short. Moreover, a second pedal incision is re- 
quired to expose the medial marginal branch of the sa- 

herous vein, which could result in necrosis of the skin 

ridge between the two incisions. If the vein tapers from 
the knee to the ankle, cutting the valves may still be de- 
sirable to optimize size matching between the graft and 
inflow and outflow arteries. Under such conditions, this 
has deen our preference. This is even more preferable 
when using fu ei a arm vein grafts. Arm veins usually 
taper so significantly from the shoulder to the wrist that 
a reversed-vein bypass usually results in a tremendous 
size discrepancy between the artery and vein at the distal 
anastomosis. This can be alleviated by cutting the valves 
and using the vein in a nonreversed position. The diffi- 
culties encountered with valve cutting in these fragile, 
thin-walled grafts have been facilitated in our practice by 
the use of the angioscope to cut the valves under direct 
vision.” 

In deciding which procedure to perform, comprehen- 
sive arteriographic examination from the aorta to the toes 
with anterior/posterior and lateral views of the pedal cir- 
culation is essential. Intra-arterial digital subtraction an- 
giography is advantageous because it readily visualizes 
the complete distal and pedal circulation even when ex- 
tensive occlusive disease is present with less contrast and 
patient discomfort.17-28 In the operating room, patience, 
exce lent lighting, magnification, meticulous technique, 
and gentle preparation of the vein graft are most impor- 
tant. 

Our results demonstrate no difference between in situ 
or ex situ reversed-and nonreversed-saphenous vein 
pm with either proximally or distally based arterial in- 

ow sources. Because we use these techniques under dif- 
ferent circumstances and clinical or anatomic situations, 
no inferences can be made about the superiority of any 
method. However, itis clear from these data that excellent 
resu ts can be achieved using all of these techniques when 
the choice of which to use in a specific circumstance is 
based on practicalissues. Thus, it does not appes; justified 
to use a reversed-saphenous vein graft when an in situ 
graft can be performed more expeditiously or vice versa. 
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Distal Femoral/Poplitea Artery 


% of Patients 


0 6 12 18 24 30 36 
No. of Months After Surgery 


Proximal, No. of Cases 58 45 31 23 19 11 5 
Distal, No. of Cases 88 66 54 30 19 8 2 
Other, No. of Cases 10 6 4 3 2 1 1 


Fig 3.—Actuarial patency rates of 156 dorsalis pedis artery bypass 
grafts according to arterial inflow sources. “Proximal” includes the 
common femoral artery and the superficial femoral artery at or just 
distal to the femoral bifurcation. “Distal” includes the superficial 
femoral artery at the adductor canal and the above-knee or below- 
knee popliteal arteries. “Other” includes the distal end cf a pre- 
viously placed bypass graft or a tibial artery. 


Moreover, the advantage of in situ- or nonreversed-vein 
grafts may principally lie in the better size matching they 
permit between the artery and vein, which in our expe- 
rience has made for a more technically satisfactory anas- 
tomosis and has increased vein utilization. In addition, the 
comparabie results demonstrated with distally based in- 
flow sources indicate the practicality of their routine use 
when possible to shorten the surgical procedure and de- 
crease possible wound complications. In our view, rigid 
commitment to one technique or another is inappropriate. 
Vascular surgeons should be skilled in and comfortable 
with all of the currently available techniques and have a 


flexible approach that enables them to devise the best pro- 
cedure for the task at hand. 
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Discussion 

RicHARD Cameria, MD, Boston, Mass: This carefully analyzed 
and scrupulously followed-up clinical series can be considered 
the state-of-the-art in very distal lower-extremity revasculariza- 
tion. It represents the largest single series that I know of with 
bypass ag: to the inframalleolar level. The results with re- 
spect to both limb salvage and graft patency equal or exceed any- 
thing available in the current literature. The authors have pre- 
sented their material and recommended a flexible approach to 
Renee A WES grafts with a demonstration that equivalent results 
were achieved when (1) alternative sites of inflow other than the 
traditional common femoral artery position were used, and (2) 
with a variety of techniques of preparing the vein conduit. While 
both of these considerations have bec championed by a number 
of other groups, most notably, those in Oregon and New York 
City, the experience presented today has the sheer numbers of 
clinical material necessary to prove the contention, particularly 


Infrapopliteal Vein Grafts —Pomposelli et al 727 








in this most demanding of clinical circumstances, namely, the 
very distal bypass. The authors have recommended the use of 
a variety of grafting techniques and inflow sources in accordance 
with the individual technical and anatomic factors seen in a given 


n patient. It isa pleasure to discuss this paper, since I agree with 


virtually everything Dr Pomposelli has said. In our practice at 
Massachusetts General Hospital, we use a strategy identical to 
their approach. The important factors in this strategy involve us- 
ing various sites of arterial inflow, size matching of conduit and 
recipient vessel at both proximal and distal anastomoses, and, 
most importantly, the vagaries of availability and adequacy of the 
venous conduit. Prosthetic grafts, of course, play no role in such 
distal bypass work. 

I should like to focus on that aspect oftheir work which is likely 
at odcs with the practice of many vascular surgeons, ie, the non- 
preferential use of the so-callec in situ saphenous vein graft. No 
one can question the im ce of the contribution of Leather 
and his colleagues at the Albany (NY) Medical Center when they 
reintroduced the use of the saphenous vein as an in situ conduit 
for lower-extremity revascularization. As you have heard from 
Dr Pomposelli, this technique involves leaving the saphenous 
vein in its bed and rendering the valves incompetent by any of 
a number of techniques. The early proponents of the in situ graft 
correlated improved clinical results, with preservation of the na- 
tive vein grat architecture or lack of surgical trauma during har- 
vesting of the graft. Thus, the contention was that the in situ graft 
was a biologically superior concuit with fewer earlier thromboses 
because of better endothelial preservation, and less late failure 
because of less late development of intimal hyperplastic lesions 
in the vein graft. A few years ago, we took this contention to the 
laboratory. In a series of experimental grafts, we demonstrated 
that the natural history of a vein graft transplanted into the ar- 
terial circulation was equivalent. irrespective of whether an in situ 
or a gently harvested and reversed technique was used. These 
grafts have similar biomechanical characteristics and similar in- 
timal thickening with time. Since then, a number of clinical re- 
ports, in addition to the one reported today, have verified this 
observation. 

Like the authors, I believe a principal advantage of the in situ 
technique is size matching at the anastomoses, particularly in the 
groin, where, with a harvested and reversed technique, the small 
end of the vein is frequently sewn to à thick diseased femoral 
artery. This, as has nage peii outby Mannick and others, was 
a ud typical location of these intimal hyperplastic lesions that 
coul 






a comment in the hope that one very :mportant factor in this 
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paper does not go unnoticed. These very excellent results were 
obtained in a population of patients who are 95% diabetics. That 
thought brings to mind a number of interesting things that have 
changed over the years in our understanding of iiri bet 
bypass surgery. During my training, we were told that diabetics 
woulc do less well with infrainguinal reconstruction than non- 
diabetics, and we know now that that is not true. We were told 
that a»ove-knee bypass grafts would do better than below-knee 
bypass grafts; we now know that that is not true. We were told 
that itwas blasphemous to originate an infrainguinal bypass op- 
eration anywhere other than the common femoral artery, and 
now we know that thatis not true. In fact, in this study, the results 
were pst as good if the graft originated at the common femoral 
or at the knee. In my series, that is probably the group of patients 
with whom we have the best results. 

We are very curious about what is going on with the diabetic. 
Why ere they doing as well as they are? Recently, we reviewed 
angiograms and clinical findings in 250 patients, and we learned 
a number of interesting things about diabetics. First of all, dia- 
betics present with peripheral vascular disease 5 years younger 
than nondiabetics. We also learned that diabetics generally 
preser:t with a nonhealing ulcer and less frequently with rest pain 
and claudication. We learned also that the pattern of vascular 
disease was very unique to the diabetics. We all know now that 
diabet:cs have the bulk of their atherosclerosis in the tibial ves- 
sels. But, very curiously, that epis ene it is— stops at 
the plantar arch. The arch in the foot of these diabetic patients 
was as good as in nondiabetic patients. I think that is one of the 
explanations for the very excellent results today — these bypasses 
of the dorsalis pedis artery communicate directly with this very 
good &rch. Another interesting finding is that, after measuring 
the runoff resistance in a series of 110 patients, these intraop- 
erative measurements did not discriminate between diabetics 
and ncndiabetics. That is, diabetics had as good a run off as non- 
diabetics. 

Dr Pomposelli, your results are excellent, but you do not men- 
tion in your manuscript anything about morbidity. We do this 
Rien at Boston University too, and this is a tough operation. 

ost of the patients present with a nonhealing ulcer. You're mak- 
ing an incision on the dorsum of the foot very close to that ulcer; 
you're making an incision where there is vaty little subcutaneous 
paddirg. I think local wound problems could be a major problem. 
We have had the experience that you cut down on some of these 
dorsalis pedis arteries and they are stone, and you have to aban- 
don the procedure. How often do you have to abandon it? Have 
you ever gone to the plantar vessels in the foot? 

Dr PowroseLu: We have not used the so-called closed technique 
when »erforming in situ bypass, oe to still completely 
m the vein through a single long incision and to cut the 
valves under direct vision. Recently, we have added the use of 
angiossopy to guide the cutting of our valves, but still fully expose 
the vein. Several devices are available that allow cutting of the 
valves without completely exposing the vein. One of the pro- 
posed advantages is the avoidance of the long incision, especially 
in the nl leg, which can lead to wound complications. Now, 
anew technology is being developed by which the valves can be 
cut anc. the side branches ligated from within the vein pei. - 

ioscopic guidance. Will that change our approach? I doubt it. 

e would still take inflow from the most distal site possible be- 
cause i* quickens surgery and may have a theoretic wee d in 
terms cf patency with shorter conduits. In addition, justasa chai 
is only as strong as its weakest link, the longer a vein graft is, the 
more likely there may be a segment of the vein that may have 
problems. Solthink a short-vein hd would still be preferable. 

You are correct in pointing out that some of our patients with 
graft failure only sp asia transmetatarsal amputation and did 
not ultimately lose the foot. The suggestion is that perhaps we 
are being too aggressive with this procedure. I think that is prob- 
ably right. This is a relatively new procedure, having only been 
done fcr the last 5 years at our institution. When we first started 
doing i:, we undertook it with a great amount of trepidation for 
many of the reasons that have already been discussed. I think we 
are still defining the limits of the operation. Moreover, it is some- 
times very difficult to note which patients are going to undergo 
amputztion of a foot and which ones are not when the graft fails, 
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Mammographic Localization and Biopsy 
of Nonpalpable Breast Lesions 


A 5-Year Study 
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@ A malignancy rate of 24% was achieved as a result of 
needie localizations and biopsies of 548 nonpalpable mam- 

_ mographically detected breast lesions in 507 consecutive 
. patients during a 5-year period. Malignancy was present in 
74 (23.8%) of 311 irregular soft-tissue densities, in 40 

_ (19.6%) of 204 cases with clustered microcalcifications, and 
in 33 cases (54.5%) when both features were present. Same- 

.. day admission and discharge were achieved in 491 patients 
. . and local anesthesia supplemented with intravenous seda- 
.. tion was used in 73 (74%) of the 98 patients (in 1989) by 
the end of the study period. Nonpalpable cancers were cat- 
egorized pathologically as stage 0 in 25 patients (20.895), 
stage | in 67 patients (55.8%), stage IIA in 24 patients 

... (20.0%), and stage IIB in four patients (3.3%). The malig- 
-.. nancy rate rose sharply from the fourth te the fifth decade. 

(Arch Surg. 1991;126:730-734) 


T here is conclusive evidence that as a result of mam- 
mographic screening of large populations of women 
. "for the detection of early breast cancers, a significant re- 

. duction in mortality can be achieved.' In this country, as 
.. a result of the data obtained from these large population 
_ studies, increasing numbers of mammographic facilities 
.. are available to a variety of referring physicians. After 
_ Screening and diagnostic studies, substantially more pa- 
. tients with nonpalpable breast lesions are now being re- 
_ ferred to surgeons. To assess how effectively this type of 
.. patient population can be treated and to review the prob- 
. lemsinvolved, we conducted a retrospective 5-year study. 









Ea PATENTS AND METHODS 

During the 5-year period from 1985 to 1989, 507 patients with 
npalpable breast lesions underwent 548 needle localizations 
^opsies. The mean age of the entire group was 58 years, with 
e of 29 to 87 years. There was a family history of breast 
er in 63 (12.4%) of the patients, and 27 patients (5.3%) had 
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a histcry of cancer of the opposite breast. 

Prior to a biopsy, each mammogram was reviewed by one of 
three radiologists at the Rhode Island Hospital, Providence. In 
generel, "suspicious" mammograms were categorized as clus- 
tered nicrocalcifications, microcalcifications with an irregular 
soft-tissue density, oran irregular soft-tissue density. The review 
process excluded from surgery a significant number of referred 
patiencs with mammograms interpreted by community radiol- 
ogists as “suspicious” of malignancy. The majority of the patients 
were referred and were not part of a breast screening project. 

Maramographic needle localization was performed in a mam- 
mographic suite at the Rhode Island Hospital using a standard 
Kopars hookwire technique.’ In 35 patients, the placement of 
two needles was required to localize separate lesions in the ip- 
silateral or contralateral breast. Placement of three separate nee- 
dles was necessary in three patients. 

Surgery was then carried out 97% of the time in an ambulatory 
care setting with discharge on the day of surgery. Local anes- 
thesia supplemented with intravenous sedation (74% of cases) or 
general anesthesia (26% of cases) was used. Drains were rarely 
used, and the cavity remaining at the biopsy site was treated 
according to the surgeon's preference. An attempt was always 
made :o achieve a free margin around the lesion. The wire and 
all the surrounding tissue were sent for specimen mammography 
in all cases, with subsequent review by the radiologist and sur- 
geon. In a few instances, more tissue was excised. 

If the excision was adequate, the specimen was then examined 
and sectioned by the pathologist. The margins were not always 
marked with india ink. Frozen sections were obtained in nearly 
all of the cases. 

Matgnant lesions were staged pathologically after definitive 
surgical treatment as recommended by the American Joint Com- 
mittee-on Cancer.* Three patients with T1 infiltrating ductal le- 
sions were excluded from the final staging tabulation because 
axillar nodes were not removed. Included, however, were pa- 
tients with in situ lesions even if axillary nodes were not removed. 


RESULTS 

A tetal of 121 (23.9%) of the 507 patients were found to 
have carcinoma of the breast. Ten patients had more than 
one carcinoma, resulting in a total of 132 (24%) detected 
malignancies from 548 localizations (Fig 1). Included in the 
grour with multiple cancer sites were eight patients with 
two ipsilateral sites and two patients with bilateral sites. 
One of the latter patients had two malignancies in one 
breas: and another in the contralateral breast. The 132 ma- 
lignancies included 98 infiltrating ductal carcinomas 
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416 Benign (76%) 132 Malignant (24%) 


98 infiltrating 
Duct Carcinoma 


54 Other 
Benign 
(9.9%) 


24 Intraductal 
Carcinoma 
(4.3%) 
5 Infiltrating 
Lobular Carcinoma 
9%) 
5 Lobular 


Carcinoma In Situ 
(0.9%) 


108 Fibroadenoma 
(19.7%) 


254 Fibrocystic 
Change 
(46.4%) 


Fig 1.—Distribution of 548 patients who underwent biopsies. 


(74.2%), 24 intraductal carcinomas (18.2%), five infiltrat- 
ing lobular carcinomas (3.8%), and five lobular carcinomas 
in situ (3.8%). 

The tabulation below summarizes the correlation be- 
tween radiologic findings and histologic diagnoses for bi- 
opsy specimens positive for cancer. 


Mammographic Abnormalities No. (%) of Malignant diagnoses 


Clustered microcalcifications 40/204 (19.6) 
Irregular density 74/311 (23.8) 
Clustered microcalcifications 
and irregular density 18/33 (54.5) 
Total 132/548 (24) 
The three types of abnormal mammographic findings 


were found with each histologic variety of malignancy ex- 
cept for lobular carcinoma in situ. In addition, 89% of cases 
of clustered microcalcifications with a soft-tissue density 
were infiltrating duct carcinomas (Fig 2). 

Clustered microcalcifications were a common finding 
with the histologic diagnosis of intraductal carcinoma 
(75% of cases). Irregular soft-tissue densities were a com- 
mon finding with infiltrating duct carcinomas (66.3% of 
cases) (Fig 3). 

The age range of the patients with cancer was 32 to 87 
dea with a mean age of 61 years. A family history of 

reast cancer was found in 16 cases (13.2%), and 12 pa- 
tients had a history of cancer of the contralateral breast 
(9.9%). The cancer detection rate rose sharply from the 
fourth to the fifth decade of life (Fig 4). 

Mastectomies were performed in 75 (62%) of 121 pa- 
tients. Four of these patients had immediate reconstruc- 
tion, and one had delayed reconstruction. Breast conser- 
vation procedures were carried out in 46 patients (38%). 

Pathologic staging was achieved in 118 patients. Three 
inde with infiltrating duct carcinoma were exciuded 

ecause axillary nodes were not removed, and two pa- 
tients had bilateral malignancies. In total, therefore, 120 
cancers were staged. Stage 0 disease was seen in 25 pa- 
tients (20.8%), stage I in 67 patients (55.8%), stage IIA in 
24 patients (20%), and stage IIB in four patients (3.3%). 
Two patients with emp ie carcinoma had positive 
axillary nodes with primary lesions measuring only 2 and 
3 mm. 

Residual malignancy was found in mastectomy or 
lumpectomy specimens in 32.6% of cases. Eighteen of 
these cases were infiltrating ductal carcinoma, three cases 
were invasive lobular carcinoma, and eight cases were in- 
traductal carcinoma. Four patients originally diagnosed as 
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Clustered Irregular Microcalcifications 
Microcalcifications Density and Irregular Density 
(n=40) (n=74) (n=18) 


Fig. 2.—Relationship between mammographic pattern and histo- 
logic features (n— 132). Shaded bars represent intraductal carci- 
noma; hatched bars, infiltrating duct carcinome; open bars, invasive 
lobular carcinoma; and closed bars, lobular carcinoma in situ. 
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Fig 3.—Relationship between histologic features and mammo- 
graphic pattern (n=192). Hatched bars represent microcalcifica- 
tions; open bars, irregular density; and closed bars, microcalcifi- 
cations and irregular density. 
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Fig 4.—Age distribution. Open circles represent benign, and ciosed 
circles, malignant cases. 


having intraductal carcinoma after excisional biopsy had 
invasive ductal carcinoma in the mastectomy specimens. 
In one of these patients, the original margins were locally 
involved; in two, the original margins were questionable 


Mammographic Localization — Thompson etal 731 


-- intraductal carcinoma and clustere 


< ber of radiclogists s 








or indistinct; and in the fourth, the original margins ap- 
|. peared to be free. Thirteen patients who underwent ax- 

. ilary node dissection and radiation therapy after exci- 
siona. biopsy and five whe had excisional biopsy alone 


.. could not be evaluated for residual cancer. 





_. Four hundred sixteen of the needle-localized specimens 
>> revealed benign disease (Fig 1). Fibrocystic change wasthe 
. . most frequent benign finding and was reported in 254 
.. cases(6195), including 33 cases of intraductal hyperplasia, 
^. 18cases of atypical intraductal hyperplasia, and four cases 
of oy eee ular hyperplasia. The other common finding 
was fibroadenoma, which constituted 108 (26%) of the be- 
nign cases. The remaining benign diagnoses included fi- 
brosis, fat necrosis, intraductal papilloma, intramamma 
lymph nodes, lobular microcalcinosis, lipoma, tubular ad- 
enoma, anc duct ectasia. The age range of the patients 
with benign disease was 29 to 83 years (mean, 55 years). 
Of the 386 patients with benign disease, 47 (12.2%) had 
a family history of breast cancer and 15 (3.9%) had a history 


of breast cancer. 


Figure 4 depicts the deciine of benign disease in the 


: < fourth decade of life in contrast to the increased incidence 
. of melignancy 


. In three cases, it was not certain that the 
"suspicious" pbi de gia density had been removed. 
Repeated mammograms have not resolved theissuein any 
of these cases because of postsurgical changes. Compli- 
cations (2.1% of cases) included eight wound hematomas, 
two wound infections, and a broken wire deep within the 
breast parenchyma. The wound problems resolved with- 
out admission to the hospital. 


COMMENT 
Ás a resuit of the detecticn of nonpalpable early breast 
.. cancer with screening mammography, it has become ap- 
| pure that a significant proportion of the female popu- 
atior. should have a yearly mammogram. Our data sug- 
gest that beginning at age 40 years, a study should be 
considered once per year in the presence of significant risk 
-= factors (Fig 4) It follows that with such a costly program, 
_ attempts should be made tc reduce the benign-malignant 
- ratio of mammographically detected lesions. Our review 
indicates that certain mammographic patterns are more 
likely to represent a carcinoma on histologic examination 
-. (see tabulation). In addition, certain histologic subtypes 
. have.a more common jura eod. pas appearance (eg, 
microcalcifications) 
(Fig 3). The finding of a2495 incidence of malignant disease 
is similar to that in other large series.5? One way to main- 
tain an acceptable benign-malignant ratio is to have all 
mammograms anc fs reviewed by a limited num- 
killed in this specialty.^? A consider- 
.. able amount of time, patience, and effort is required to 
.. complete the sequential procedures of mammographic lo- 


-.. calization, excisional biopsy, and pathologic evaluation. 


e Direct communication and consultation between the ra- 
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there are medical indications, there is no need to admit a 


patiertto the hospital fora needle-localization biopsy, and 
most »atients can be discharged on the day of surgery. 

The question of how much tissue should be removed at 
the tirne of needle-directed excisional biopsy is controver- 
sial. Ithas been suggested that although an attempt should 
be made to remove the lesion in its entirety with a normal 
margin, wide and generous excisions are to be avoided 
because they are sometimes deforming.!?!? This is par- 
ticularly distressing if the lesion is benign. Others contend 
that excision should be generous in case lumpectomy be- 
comes the procedure of choice, then no further removal 
of breast tissue becomes necessary.$!* The problem be- 
comes further confused by evidence that survival of pa- 
tients with small carcinomas of the breast is not affected 
even :f the malignancy occurs in or close to the margins, 
provided the patient receives postoperative radiation ther- 
apy. Our experience of residual cancer found in 32% of 
lumpectomy and mastectomy specimens is consistent 
with the experience of others.!$ Even though further re- 
mova. of breast tissue after excisional biopsy to achieve 
free margins may not affect overall patient survival, the 
findirg of residual carcinoma may alter the patient's stage 
and may provide tissue that can be used for specific assays 
(DNA flow cytometry, cathepsin D, stress-responsive pro- 
teins, and oncogenes). This information may be of prog- 
nostic value and may have possible therapeutic implica- 
tions. We continue, therefore, at a second stage to remove 
more tissue from the biopsy site if the malignancy is in or 
close to a margin in the patient who has elected breast 
prese-vation. 

The diagnosis of intraductal carcinoma from the original 
needl2-localized biopsy site may not be representative of 
the ccmplete spectrum of malignant disease in that breast. 
Four patients in this series were initially diagnosed as hav- 
ing intraductal carcinoma from tissue obtained during the 
origiral biopsy; after mastectomies in these patients, areas 
of invasive ductal carcinoma were noted. The treatment 
of intraductal carcinoma remains controversial; from this 
small experience, it appears that local excision alone may 
be inadequate." 

Most of the cases from this series were pathologically 
staged, and 76.6% of patients had either stage 0 or stage 
I disease. This is important from the standpoint of sur- 
vival, but for these patients, breast preservation is cer- 
tainly a suitable option. It is generally stated that if breast 
cancer is detected before axi nodes are involved, 74% 
of patients will survive 10 years, in contrast to a survival 
rate cf 39% in patients who have nodal metastases at the 
time of cancer detection. In this series, 62% of the patients 
had -nastectomies and 38% had breast preservation. 
Whether this distribution of operative techniques is ap- 
propriate remains controversial.!*!5 This study indicates 
that needle-localization biopsies can be performed effec- 
tively and quickly in an ambulatory setting with few com- 
plications. Early detection of nonpalpable cancers was 
achieved with a malignancy detection rate of 24%. Prob- 
lems still exist in regard to the reduction of the benign- 
malignant ratio. In addition, the quantity of tissue to be 
removed at initial localization biopsies and whether 
secor d-stage reexcisions are indicated are unresolved is- 
sues. 

We are grateful for the help and support provided by the radiol- 
ogists: Barbara Schepps, MD, Francis Scola, MD, and John Cronan, 
MD. 
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leaves several other issues unresolved. First of all, as was em- 
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phasized, mammographic localization anc excision of nonpal- 
pable breast lesions should almost always be conducted asa one- 
day surgical event. It can be conducted under local anesthesia, 
and should most probably always be conducted under local an- 
esthesia. Complications of any kind with attention to appropriate 
surgical technique should be very unusual. This is a clean op- 
eration, and the infection/hematoma incidence should be less 
than 2%. This article suggests that all lesions were localized and 
surgically removed; none were missed. This is an extraordinary 
success rate and clearly speaks to a very close working re:ation- 
ship between skilled pna A and skilled surgeons. It speaks 
to a first-class team approach. More discussion from the Prov- 
idence group on the collaboration that occurs on a dailv basis 
between the radiologists and surgeons in the conduct of these 
procedures I think would be most useful. 

On occasion I see patients in my practice who are referred after 
an unsuccessful needle localization and surgical excision. ! 
readily admit that this has happened to me. The troublesome 
patients are those women with very small breasts in whom the 
success rate for this procedure is in excess of 90%, probably closer 
to 95%, but a very limited amount of tissue can be sacrificed. A 
clearer definition of how you accomplish vour extremely excel- 
lent success rate in this type of woman would be helpful. 

The detection of malignancy in one of four patients in whom 
mammographically occult lesions were identified is admirable. 
It should be emphasized, however, that 80% of patients with 
microcalcifications alone, and 76% of patients with soft-tissue 
densities alone, had surgical excisions, and benign lesions were 
identified. All of the patients were explored, presumably, I am 
sure, to rule out malignancy. Is a 76% to 80% negative rate ac- 
ceptable? I suspect that most in the group would argue that it is, 
given the minimal morbidity of the procedure. | believe we 
should strive to sharpen our diagnostic talents to eliminate un- 
necessary surgery and the considerable psychological proolems, 
at the very least, that this creates. I believe physicians whowould 
treat patients with breast lumps have to make a judgment and 
should do so in considered consultation with the radiologist. Not 
all women need a biopsy, especially for microcalcifications. Many 
can be observed safely over time. Repeated mammography can 
be offered, and if stable findings are noted, surgery can be de- 
layed even further. This requires, however, an informed patient 
who is willing to commit herself to reliable follow-up. 

In this study slightly more than one of two patients witha mass 
and microcalcifications (a figure lower than I would have ex- 
pected), in fact, had malignancy. It is also important to ncte that 
over age 60 years, the percentage of positive biopsies increased 
to in excess of 55%, whereas below 40 years the incidence of 
positive biopsies was only 6%. It is obvious that one shculd be 
more aggressive in recommending biopsy rather than serial ex- 

ctant observation in older than younger women. 

Finally, it surprises me that 62% of these patients subsecuently 
underwent mastectomy for mammographically occult, ronpal- 
pable breast lesions. This is a function of physician prejudice or 
preference, or patient preference or prejudice, and that this trend 
will reverse itself in the next 5 years, so that in similar patients, 
some two thirds would probably be treated with segmentectomy 
and radiation rather than mastectomy. I think this is as it should 
be 


In summary, this is an important contribution that cells our 
attention to the considerable usefulness of mammography, nee- 
die localization, and surgical excision. The data confirm that — 
many, if not most, of these occult lesions in women youngerthan . 


60 years do not need to be immediately excised, or at least can . 


be observed with repeated mammography at 6 months and 1 > 
year. I would appreciate, if possible, a more precise discussion 
of those characteristics that, on retrospective review of mammo- ~ 
grams, were peculiar to those patients with negative explora- .. 
tions. Whether such a definition can be tight and free of signif- __. 
icant overlap with those lesions excisec from patients with- 
malignancy is still debatable, but it is very important in my mind — 
to attempt to define this. The latter, when accomplished, I think | 
would be a very important contribution. 

Rocer S. Foster, Jr, MD, Burlington, Vt: This review addresses 
the issues of quality control in an increasingly common surgical 
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endable. Last year, Jeff C 












ons carried out over a 2-year period. There 
oth similarities and differences in the two data sets. An ex- 
e of a difference is the greater use of local anesthesia, with 
proximately 3% of our patients having general anesthesia and 
he rest local. I personally use local without intravenous sedation 
majority of patients. We also had a yield in a similar range, 
29% malignancy rate compared with the 24% here. If any- 
hing, we hac a greater stage shift with 44% in situ cancers. Of 
yur invasive cancers, only 6% had positive axillary nodes when 
an axillary dissection was done. 
-Tam beginning to wonder a little bit about whether there are 
-differences in tactile skill and performance in various commu- 
nities. I recently visited a series of surgeons in a Florida com- 
 munitr, and was repeatedly told that almost all of their breast 
- biopsies were following needle localizations. They rarely did bi- 
. Opsies based on palpation-detected lesions. Perhaps that repre- 
|... Sents à very dramatic change in screening pony in that com- 
|, munity, but I still see a fair number of palpable cancers that were 
. initially detected with a mammogram. 
_ How do you handle the difficult-to-palpate cancer? Do you use 
_ needle localization to confirm that you are feeling the same lesion 
ve othatisbeingi ie or do you start with a nonlocalization biops 
. of some sort? What is your current ratio of palpable to nonpal- 
-pable cancers? 
v I would like to point out a similarity in our data that disturbs 
,. me, asit indicates that we have a less-than-optimum targeting 
_ of our breast cancer screening efforts in both of our communities. 
The deta from randomized trials are most convincing that the 
unequivocal benefit occurs in women who are in the age prd 
... 0f 50 te 70 years. Yet, 49% of the Providence patients and 58% 
of the Burlington, Vt, patients were either older or younger than 
-the fifth and sixth decades. I believe we have not done an op- 
(| timumjob of promoting mammography in the population where 
_ «there is the greatest likelihood of benefit. 

.. We have also clearly not delineated an upper age limit. One 
.. Ofour patients was in her eighties, and a number of your patients 
«.. were in their eighties and nineties, an age group for which the 
_ benefit must be vanishingly small, as it takes approximately 5 
|... years to begin to show a divergence in the death rate curves in 
_ the randomized studies. 

- .. Has your review allowed you to find additional criteria to re- 
-.. duce the incidence of false-positive calls? Have the authors been 
.. able to improve your targeting of patients for screening efforts? 
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so: The relationship between the radiologist and 
urgeon is exceedingly important. We take our mammograms to 
the Radiology Department and review them with one of the three 
radiolcgists, whom we trust. A decision is then made as to 
lized and biopsied. After the 
localization, we all try to make a point to return to the mam- 
mogra»hic suite and review the specimen roentgenogram with 
the radiologist. I had a few uneasy feelings about reporting a 99% 
retrieval rate, but that is a fact. I cannot tell you how many times 
the les:on in question was not in the initial specimen removed. 
It was aot very often but we had to go back on a few occasions 
to remeve more tissue to obtain the lesion, The 99% retrieval rate 
is accurate, but is a result of a lot of interaction with the radi- 
ologist 

What is an acceptable rate as far as malignancy detection is 
concerned? Currently, the literature reports anywhere from 10% 
to 40% or 50%. We can improve our detection rate with more 
stringent criteria ue soft-tissue densities and microcalci- 
ficatiors. Perhaps if the mammograms were reviewed, many of 
the fibioadenomas that were thought to have irregular margins 
would in retrospect, be interpreted as dp ae Currently, we are 
blinding the positive mammograms from the past 6 years to de- 
termine whether a significant proportion would now be consid- 
ered not suspicious. We are sometimes pressed in this litigious 
society to biopsy lesions that perhaps could be observed a little 
longer_At this point, I cannot accurately state what an acceptable 
rate is; currently, it is between 20% and 30%, but it probably 
should be around 40%. 

Dr Fester, how to handle a lesion that perhaps is questionably 
palpab:e or barely palpable: with these questionable lesions we 
would have used needle localization. A great deal depends on 
the size of the patient’s breasts. In patients with large breasts, a 
relatively large lesion may not be palpable. Our current infor- 
mation.as regards numbers of nonpalpable lesions to palpable 
lesions that are biopsied is about 50/50. From my perusal of the 
presen: situation at our hospital, we are biopsying more and more 
nonpal»able lesions, and I assume that within a year or two that 
the ratio will change. 

Agaia, I have tried to answer the question of how to improve 
the rate of detection of malignancy. It is a problem for which I 
do not nave a definite answer, but I think all of us should try to 
achieve an improvement in the malignant-benign ratio in view 
of the fect that many more mammograms with subsequent needle 
biopsies are being performed each day and each year. 


“Dr THOMPSON T 





Mammographic Localization — Thompson et al 


Today's Hematinic: | 
New Importance 
_ for Patients 


GIRE 


Undergoing Surgery 





A consequence of today’s Trinsicon provides the nutrients 
transfusion climate needed to rebuild red cell mass 

[ ]Many surgeons prefer to tolerate anemia [ ]Provides iron as ferrous fumarate — for 
rather than use banked blood products! optimal iron absorption? 

[]Growing use of autologous transfusions’ [ JAlso contains vitamin C, vitamin B12 

may also increase risk of pre- and with intrinsic factor, folic acid, and other 
postsurgical anemia B vitamins 

[ ]Postsurgical patients have substantially [ ]Helps restore cells pre- and postsurgically 


increased requirements for B-complex vita- 
mins, vitamin C, and minerals? 





TRINSICON z; 
COMPLETE 
Hematinic Concentrate with Intrinsic Factor HEMATINIC 


Please see Brief Summary of Prescribing Information on adjacent page. 


RUS 


Russ Pharmaceu ticals, Inc 


Russ Pharmaceuticals, Inc., 
a subsidiary of Whitby Pharmaceuticals, Inc. 


735 





anemia and Aher mega lobiai a Plene and aiso iron- 
deficiency anemia. Therapeutic . quantities i 
matopoietic factors that are known to. 
uD in the recommended daily dose. 








mosiderosis are contraindications to iron therapy. 

ECAUTIONS: General: A sta 

E requires: appropriete investigation to detemine its 
- Cause or causes. Folic acid alone is unwarranted in the 
_ treatment of pure vitamin Bi» deficiency states, such as 
_ pernicious anemia. Folic acid may obscure sernicious 
_ anemia in that the blood picture may revert te normal 
while neurological manifestations remain progressive. 
_ As with all preparations containing intrinsic factor, 
- fesistance may develep in some cases of pernicious 
anemia 0 the potentiation of absorption of phrsiologic 
_ doses of vitamin B». if resistance occurs, parenteral 
_ therapy or oral therapy with so-called massive doses of 
Vitamin 312 may be necessary fot adequate treatment of 
_ the patient. No single regimen fits all cases, and the 
_ Status of the: patient observed in follow-up is the final 
Criterion for adequacy-of therapy. Periodic clinical and 
- laboratory studies are considered essential aac are rec- 
ommended. Pregnancy: Pregnancy Caiegory C: 
- Animal repreductian studies. have not been cenducted 
with TRINSICON*. it is also not known whether 
_TRINSICON can cause fetal harm when administered to 
„a pregnant woman or can affect reprocuction capacity. 
TRINSICON should be given to a pregrant women only 
it clearly needed. Nursing Mothers: It is no! known 
whether this drug is excreted in numan mill. Because 
_ Many drugs are excreted in human milk, caution should 
be exercised when TRINSICON is administered to a 
Nursing woman. Pediatric Use: Safety anc effective- 
ess in children below the age of 1C have aot been 
established. ADVERSE REACTIONS: Rarely, iron in 
therapeutic doses produces gastrointestinal reactions, 
Such as diairhea or constipation. Reducing ‘he dose 
and administering it with meals will minimize these 
effects. in the iron-sensitive patient. In extremely rare 
instances, skin rash suggesting allergy has been noted 
following the oral administration of liver-stomach 
Materia. Allergic sensitization has been repcrted fol- 
‘lowing Soth-oral and parenteral administration of folic 
acid. OVERDOSAGE: Symptoms: Those of iron 
intoxication, which may include pallcr and cyanosis, 
vomiting, hematemesis, diarrhea, melena, shock, 
drowsiness, and coma. Treatment: For specific ther- 
apy, exchange transfusion and chelaring agents. For 
genera! management. gastric and rectal lavage with 
Sodium bicarbonate solution or milk, administration of 
intravenous ‘Iuids anc electrolyte: .and use Oo! oxygen. 
DOSAGE AND ADMINIST TATION: One capsule 
ce a day. (Two capsules daily produce a standard 
ise in the average uncomplicated case of perni- 


anemia.) June 1990 












Manufactured for Russ s Parracsticas Mem | y 
Centrai? Pharmaceuti icals, Anc, Seymour, IN Z7274 
Ot iceuticels, Inc. a subsidiary of. 
Whitby: Pharmaceuticals, hic Ail !l rights reserved. 
Pine inU S. A. 














What: 


Who: 


When: 


Where: 


How Much: 





program not for the — 
novice. The ea Memmi School is an intense 
week of preparation and practice in running a political 
campaign. The School will prepare you for an active 
management role in a local, state or national political 
campaign. 


Physicians and spouses who want to make a difference by 
being actively involved in a candidate's run for political 
office. LIMIT: 32. 


This week-long program will prepare you to take on a 
significant role in a campaign. Topics covered include: 


* Roles/R :sponsibilities 

* Polling and Research 

* Budgeting and Fund-raising 

* Tools for Communicating and Paid/Eamed Media 
* Voter Contact, Direct Mail, Canvassing 

e The Use of Volunteers 

* Management and Strategy 


8:00 am Sanday, July 14 through noon Friday, July 19,1991. 


Crystal City Marriott, 1999 Jefferson Davis Highway, 
Crystal City (Arlington), Virginia 


AMPAC provides registration fee, course materials, daytime 
meals and airfare. Participants are responsible for their hotel 
rooms anc evening meals.. 


Non AMA Members are responsible for their own airfare, 


hotel, evening meals and $1,000 registration fee. 


For further information, contact Jennifer Harris, 1101 Vermont Avenue, 
N.W., Washington, D.C. 20005. (202) 789-7474. 


We would like to try an Aspen Laparoscopy Electrode, free of charge... 


Title 


City 
( ) 
ZIP Telephone 
Return Coupon to Aspen Labs P.O. Box 3936 Englewood, CO 80155 








Biliary Patency Imaging After Endoscopic 
Retrograde Sphincterotomy With Gallbladder In Situ 


Clinical Impact of Nonvisualization 


Ryan F. Holbrook, MD; Francine L. Jacobson, MD, MPH; Roger T. Pezzuti, MD; Douglas A. Howell, MD 


è We prospectively performed nuclear biliary patency im- 
aging (HIDA scanning) in 62 patients who had undergone 
endoscopic retrograde sphincterotomy for management of 
pancreaticobiliary disease with their gallbladders in situ. 
Elective cholecystectomy was not recommended because of 
advanced age, comorbidity, or absence of gallstones. All pa- 
tients had patent cystic ducts.at endoscopic retrograde cho- 
langicpancreatography balloon cholangiography. Eighteen 
(29.1%) of 62 patients had nonvisualizing HIDA scans, and 
—. in 44 (70.9%) of 62 visualization was:normal cr delayed. Six 
.. €holecystectomies were required fer colic (nz 1), acute 
cholecystitis (n z 4), and acute cholecystochaledochal fis- 
- tula with cholangitis (n = 1). Among the patients with chole- 
_ lithiasis and nonvisualizatian (n = 13), five (38.596) required 
surgery, whereas only one (4.8%) of 21 patients with chole- 
lithiasis and visualization required surgery. Nonvisualizing 
HIDA scans are frequent (30%) after endoscopic retrograde 
sphincterotomy and have no clinica! relevance in patients 
without cholelithiasis but predict the need for cholecystec- 
tomy within 16 months in 38.5% of patients with chole- 
lithiasis. 
(Arch Surg. 1991;126:738-742) 


| ince the introduction of technetium-labeled choles- 
-. *J cintigraphic agents in 1975, hepatobiliary scinti- 
graphy (HIDA [*"Tc N (2,6)d:methylphenyl-carba- 
.- moylmethyl-iminodiacetic acid] scanning) has proved 
<- effective in the diagnosis of acute cholecystitis in ambu- 
- — latory patients with an overall accuracy of 98% for deter- 

















to perform prospective HIDA scanring in ali consecutive 
patients who had patent cystic ducts demonstrated on en- 
doscopic retrograde cholangiopancreatography (ERCP) 
and in whom subsequent cholecystectomy was not 
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planned. Herein, we examine the results of HIDA scan- 
ning and the implications in this setting. 


PATIENTS AND METHODS 

Sixty-two patients (20 male and 42 female) aged 20 to 91 years 
(medizn, 76 years) underwent endoscopic retrograde sphincter- 
otomy (ERS) with their gallbladders in situ at Maine Medical Cen- 
ter, Portland, performed by one endoscopist (D. A.H.) between 
May 1985 and june 1990. Indications for the procedure included 
commen duct stones (n- 44), gallstone pancreatitis with pre- 
sumed stone passage (n=5), ampullary stenosis (n — 8), und. re- 
curren: pancreatitis without definite stones (n =5). 

Patients were included in the study if subsequent elective sur- 
gery was not planned. Contraindications to elective cholecys- 
tectonw included advanced age (n —45); comorbidity with seri- 
ous cardiovascular, pulmonary, renal, or other nonmalignant 
medical condition (n = 46); or the absence of gallstones (n= 25). 

At the time of retrograde cannulation, ERCP sphincterotomy, 
complete ductal clearance, and then balloon occlusion cholan- 
giography were performed in all patients. The technique in- 
cluded free cannulation with a ball-tipped short-nose monofil- 
ament papillatome in 31 patients; wire 6F braided guide wire 
papillotomy placement in 22 patients; and precut assisted place- 
ment ir: nine patients, A blended cut monopolar current was used 
in all patients. Soft latex occlusion balloons were used to seal the 
distal cuct, and freehand injection was used for final cholang- 
iography. Injection pressure sufficient to fill all the fine biliary 
radicals was used. Broad-spectrum antibiotics to include 
Pseudomonas coverage were used in all patients. No serious com- 
plicaticns occurred. 







poe for confirmation. The HIDA scans were reviewed by two 
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Fig 1.— Clinical follow-up of patients after endoscopic retrograde sphincterotomy with the gallbladder in situ. 


within the gallbladder was established by ERCP cholecystogra- 
phy and/or ultrasound examination. 

All patients were subsequently discharged without pancreat- 
icobiliary symptoms and were followed up by office visit or tele- 
phone contact. Patients reporting biliary-type symptoms and 
cholecystectomy were noted, and medical records, including sur- 
gical operative records and pathologic findings, were reviewed. 
Follow-updata were analyzed for patients followed up for longer 
than 6 months (median, 26 months; range, 6 to 55 months). 


RESULTS 

Among the 62 patients completing the study, 18 (29.1%) 
had nonvisualization of their gallbladders on HIDA scan- 
ning. The gallbladder was visualized in a total of 44 pa- 
tients (70.9%), including 12 with delayed visualization be- 
tween 2 and 4 hours. 

For purposes of analysis, one patient was excluded from 
analysis to failure to complete 6 months of follow-up. 
An additional two patients underwent elective cholecys- 
tectomy on return to their referral hospitals despite no 
further biliary symptoms and were also excluded from 
analysis. 

Among the remaining 59 patients, 34 (58%) had chole- 
lithiasis and 25 (42%) had no evidence of gallstones. Clin- 
ical follow-up results are summarized in Fig 1. 

Six (10.2%) of 59 patients had additional possible pan- 
creaticobiliary symptoms that did not require surgery. 
Two of the six had episodes of transient pancreatitis, both 
of whom had had recurrent pancreatitis before ERS with- 
out definite common bile duct stones or cholelithiasis. The 
remaining four had at least one attack of transient upper 
abdominal pain similar to their pre-ERS discomfort. None 
required admission, and they were not otherwise reex- 
amined. Of these six patients, five did not have chole- 
lithiasis and one had gallstones. Five of the six patients 
with symptoms had visualizing HIDA scans and one had 
a nonvisualizing scan. No statistically significant correla- 
tions could be established in this small subgroup. Whether 
these mild symptoms relate to the gallbladder remaining 
in situ will be determined in subsequent follow-up exam- 
inations. 

Of the 59 patients, six subsequently required cholecys- 
tectomy for severe biliary colic or cholecystitis 7 days to 16 
months after ERS. All six had cholelithiasis; therefore, of 
the 34 patients in the study with cholelithiasis, six (17.6%) 
required surgery. None of the 25 patients found to be free 
of cholelithiasis required surgery. 
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Fig 2.— Cholecystectomy in patients with cholelithiasis after endo- 
scopic retrograde sphincterotomy with visualizing and noavisual- 
izing HIDA scans. 


Cholecystectomy was semielective for recurrent colic in 
one patient, urgent for acute or gangrenous cholecystitis 
in four patients, and urgent for a cholecystocholedochal 
fistula with cholangitis in one patient. Except for this last 
patient, three others had operative cholangiograms dem- 
onstrating no common duct stones, and no commen duct 
explorations were performed. Recovery was uneventfulin 
all patients. No other predictors of cholecystitis were 
noted in a comparison of these patients with the remainder 
of the group, including age, stone size or number, cystic 
duct length, or previous medical history. 

Of the 34 patients with cholelithiasis, the gallbladders 
of 21 were visualized on a HIDA scan and those of 13 were 
not. Five of the six cholecystectomies were performed in 
the 13 patients (38.5%) with nonvisualizing scans com- 
pared with one cholecystectomy among 21 patients(4.8%) 
with visualizing scans (P=.04, x? with 1 df ) (Fig 2). 

Eleven patients (18.6%) died, eight of cardiac disease 
and three of a progressive malignant neoplasm. No deaths 
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_ occurred that were attributable to biliary disease, pancre- 
 atitis. or surgery. 





COMMENT 
xu illing is thought to be governed by sphinc- 
.ter of Oddi function, with resting tone providing back 


pressure in sey sot normal vould duct pressure that pro- 
: ssive fillir d not be wp there- 


filling in 100% of cases.* Another small a 
of six patients reported that 50% of HIDA scans were 
falsely abnormal after ERS.* With our T of imaging 
-outte 4 hours, 30% of gallbladders could not be visualized 
after ERS. Although all our patients had patent cystic 
ducts, as determined by endoscopic balloon cholangiog- 
raphy without clinical evidence ah cholecystitis, these pa- 
tients would be falsely diagnosed as having complete cys- 
tic duct obstruction by HIDA scanning alone. Great 
caution should be used in the interpretion of the sabres 
of HIDA scanning after ERS. This is important to reco 
with an Peer d Linie of patients having ha ERS 
with their gallbladder remaining in situ who may present 
with abdominal pain and suspected cholecystitis.5 
Several series of patients under Boing ERS with gallblad- 
ders in situ with up to 8 years of tollow-up have reported 
.. cholecystitis rates of 5% to 1975.7? Retrospective analyses 
-< have attempted to identify the aside variables in pa- 
c... ientsafter they have undergone ERS that would identify 
^. those who might be at an especially high risk of chole- 
cystitis. Early on, it was believed that all post-ERS pa- 
tients should have their gallbladders removed, but it is 
clear from follow-up data that the majority of patients do 
not require further treatment after ERS. In one series, it 
was believed that ERS with the gallbladder in situ was not 
a ee but rather reduced the incidence of cholecystitis 
and subsequent cholecystectomy." Several investigators 
advocate cholecystectomy when there are gallstones or 
nonfilling of the gallbladder by ERCP.1233 Others believe 
that cystic duct obstruction defined by catheter cholang- 
|». jography at ERCP in the setting of cholelithiasis predicts 
future complications. The incidence of pn without 
cholelithiasis who have undergone ERS for common duct 
or pancreatic diseases requiring subsequent cholecystec- 
. ^ tomy should be expected to below.156 Our series supports 
(this observation. 
. ^ Our series suggests that the majority of e who 
‘appear to be at risk for acute cholecystitis atter ERS have 
(e cholelithiasis and may have partial cystic duct obstruction, 
_.-as demonstrated by nonvisualization of the gallbladderon 
HIDA scanning. The technique of balloon cholangiogra- 
phy at ERCP employs an occluding Fogarty HA balloon 
affording high pressure to ensure gallbladder filling, un- 
_less there is complete anatomic occlusion.” Nonvisualiza- 
‘tion of the gallbladder on HIDA scanning, despite high- 
pressure direct filling at ERCP, suggests a gradient for 
filling in which stasis and bacterial colonization with re- 
ultir g sepsis may be the mechanism producing chele- 
stitis. We ‘been impressed at the acuteness of chole- 
n of gangrene or empyema 
on, nocholecystectomy was 
‘needed aft low-up, which is consistent 
with results 4 of other series,55 suggesting that presumed 
pathologic p parti obstruction promptly predisposes to 
cholecystitis. If cystic duct obstruction by cholelithiasis 
were the main cause of cholecystitis, we would expect an 
.. ongoing risk. Numbers are small, and further experience 
= is needed. 
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If the risk of acute cholecystitis can be confirmed to be 
38% i1 the cholelithiasis group with nonvisualizing HIDA 
scans, elective cholecystectomy or other intervention, 
such as oral dissolution therapy,” should be more strongly 
considered. Close follow-up, therefore, would be partic- 
ularly important for the high-risk period after ERCP duct 
clearance if elective surgery remains contraindicated. 

Conversely, patients with cholelithiasis and normal fill- 
ing of the gallbladder on HIDA scanning despite sphinc- 
terotcmy appear to be at very low risk of subsequent chole- 
cystits. Presumably, this relates to a low cystic duct 
pressure gradient. Interestingly, one patient in this group 
who required surgery had very large gallstones and re- 
turned at 10 months with advanced Mirizzi's syndrome 
and a cholecystocholedochal fistula. This rare syndrome 
is attributed to ischemic necrosis of the gallbladder neck 
rather than acute cystic duct obstruction resulting in chole- 
cystitis.? In fact, in the group with visualizing HIDA 
scans, there were no cases of acute cholecystitis or biliary 
colic that required surgery. 

We believe that in all patients undergoing endoscopic 
sphin-terotomy with the gallbladder in situ, a baseline bil- 
iary patency scintiscan should be obtained if subsequent 
cholecystectomy is not planned. This may eliminate sub- 
sequent confusion during the evaluation of abdominal 
pain and may assist in the assessment of follow-up risk and 
plans. 

We plan to expand on these observations with further 
experience. The addition of a manometer to balloon cho- 
langiography may give a more quantitative measure of 
cystic duct filling pressures." 
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Discussion 

H. Davin Crompie, Jr, MD, Hartford, Conn: This is a fine clinical 
study that addresses a still unresolved issue in biliary tract sur- 
gery and brings it closer to ultimate resolution. When endoscopic 
sphincterotomy first became available 15 years ago for the treat- 
ment o onere with cholangitis, many surgeons believed that 
it was ill-suited to the patient with a diseased gallbladder and 
continued the prior practice of direct surgical attack on the gall- 
bladder and bile duct in such a setting. We were converted to the 
n A of endoscopic sphincterotomy by our sickest, most 
elderly patients, who suffered a 5% or greater mortality due to 
the open ponar in the setting of acute cholangitis. We have 
been furt 





122 patients who underwent sina Us Si sphincterotomy with an 


or 6 months, and then un- 









period of about 2 years. 

. From the series presented by Dr Holbrook and his colleagues, 
we learn that because anatomic patency of the cystic duct is usu- 
ally demonstrated on ERCP, HIDA scanning may be a more re- 


fined method to select patients who truly are at risk for acute 
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cholecystitis. One third of the patients had nenvisualizabon on 
HIDA scanning, and gallstones were noted in-nearly two thirds. 
When these two criteria (gallstones and nonvisualization) are 
combined, 38.5% of their patients required surgery. This is dou- 
ble the previous selectivity rate in search of those patients who 
are likely to require surgery for acute cholecystitis. Clearly, it is 
established that the patient with cholangitis and an intact gall- 
bladder can be safely and effectively treated with endoscopic re- 
lief of the duct obstruction. I endorse the authors’ recommen- 
dation. that the most effective current means to identify those 
patients at risk for cholecystitis is to establish the presence of 
gallstones and nonvisualization. Routine elective cholecystec- 
tomy following endoscopic sphincterotomy is clearly net nec- 
essary overall, but we are approaching a level of accuracy that 
will permit us to recommend it to a group at highest risk. 

Inote that HIDA scanning was performed relatively soon after 
the sphincterotomy in these sick patients, and I would ask 
whether this might result in à bias toward more nonvisualization 
at that stage, while still acutely ill, than might be true in the elec- 
tive setting, 1 or 2 weeks later, thus further narrowing that pop- 
ulation who are at risk for cholecystitis. 

Rocer S. Foster, Je, MD, Burlington, Vt I am intrigued and 
disturbed by the flow diagram presented by the authors. I am 
disturbed by its time sequence, so I thought 1 would try to im- 
prove on the flow diagram. With use of their data, analyzed in 
this way, it still shows that patients with visualization en the 
HIDA scan were much less likely to ultimately undergo chole- 
cystectomy than were those with nonvisualization. I think that 
their y? analysis with the significant P value will still be valid. 
Then, I extracted from the report what I believed were the pa- 
tients who had symptoms. In the next flow diagram, I found that 
among patients with both visualizing and nonvisualizing scans, 
there were six patients who had symptoms. 

I think the authors will need to defend against the alternate 
conclusion, that visualization or nonvisualization on HIDA scan 
demonstrates the behavior of physicians rather than the biology 
of the disease. 

Davip W. Burscu, MD, Montpelier, Vt: My question concerns 
some of the younger patients included in the study. It would 
seem to me that it might have been wiser to operate on scme of 
these younger lin dioe Why weren't they operated on? How 
many were under the age of 40 years? 

ANrREW L. WarsHaw, MD, Boston, Mass: I have two concerns 
about the interpretation of the results. First, because the visu- 
alization of the gallbladder on HIDA scanning depends on 
sphincter of Oddi function rather than gallbladder function (that 
is, the gallbladder fills py when the sphincter of Odci con- 
tracts), I am bothered by the fact that such a high percentage of 
these patients could fill their gallbladders after sphincterotomy. 
I wonder whether the visualization after HIDA scanning in fact 
is an index of an inadequate sphincterotomy that doesn't destroy 
the sphincter rather than of anything to do with the gallbladder. 
It would therefore be a null observation. This view would support 
Dr Foster's second analysis that the positive vs negative HIDA 
scan is irrelevant to the persistence of symptoms. 

My second concern regards the fact that most recurrent symp- 
toms after endoscopic sphincterotomy with the gallbladder in 
situ relate to the gallbladder and not to the common duct. The 
Ep relate to the later development cf gallbladder colic or 
cholecystitis rather than cholangitis. These occurrences perhaps 
reflect the size of the stones in the gallbladder — whether or not 
there are all small stones that can continue to fall out through the 
open sphincter or whether or not there are larger stones that get 
caught in the cystic duct and have nothing to do with the sphinc- 
terotomy. Therefore, the two concerns considered togetherrelate 
subsequent problems to the size of the residual stones in the 
gallbladder and whether or not they can pass into the duodenum 
as the determining factors, rather than anything pertinent to 
HIDA scanning results. 

Wna P. Reep, MD, Springfield, Mass: Patients who did not 
have patent cystic ducts were excluded from your study. What 
would you recommend for these individuals? Should they all 
undergo cholecystectomy, or can they also be followed up non- 
operatively? 

Witam E. Kerey, Jr, MD, Richmond, Va: Were patients 
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l tracked as to whether they were symptomatic before their co 
.mon bile duct stones developec 








sequent course? V lere they Tore likely to 


disease course, and therefore the patient who was placed at the 
greatest risk, was a patient who had a visualizing HIDA scan. I 
would argue that early intervention for patients who become 
symptomatic rather than the predictive value of noninvasive 
studies may be the critical issue. 
Dr Horsgook: A couple of questions and comments referred to 
the adequacy of the sphincterotomy and the time sequence in 
which HIDA scanning was then performed. 1 think this difficult 
to assess. We have a very talented endoscopist who believes in 
doing a maximal sphincterotomy. Manometric studies have re- 
v... ported complete ablation of the sphincter with a sphincterotom 
-< Of this type. The belief was thatan adequate sphincterotomy witl 
-excellent drainage was achieved in all patients and that this was 
5, Observed on fluoroscopy. I really have no quantitative way to 
-.. provide that for you, but that was the belief at the time of sphinc- 
. terotomy. Our study was designed to compare-cystic duct pa- 
tency after sphincterotomy with the HIDA scan specifically; 
therefore, these tests were performed within 72 hours of each 
other. Assuming that there is long-term patency of the sphinc- 
_terotemy, it might not change the HIDA scanning results 
whether it was performed early or at a later date. 
Regardingstone size, the onepatient who deveioped problems 
ended up having a cholecystocholedochal fistula with a very large 
stone. Advanced-stage Mirizzi's syndrome ultimately was diag- 
nosed. Stone size may indeed be something important to con- 
sider, as a sphincterotomy should allow easy passage of small 
stones in cases of a patentcvstic duct, and those with larger stones 
may benefit ‘rom surgery. However, we did na: specifically as- 
sess these patients. 













? If so, how did that affect their think that this certainly is a group of patients who need to be 
evelop problems 


: postoperatively? It seems to me that the patient with the worst 





“In defending the need for surgery in this group of patients, I 


monitored closely. It is a risk-benefit situation requiring a good 


- deal of wisdom on the part of the decision maker. Which is the 


lesserof the two risks, to allow them to go on with their increased 


_ risk after sphincterotomy with their gallstones or to subject them 
. to surgery, with most being high-risk patients? I think that's a 
. question that has to be answered on an individual basis, but a 
40% risk of those patients developing problems in this small sub- 
— group is substantial. 


Regarding the younger patients, in our study they really didn't 
have gallstones; mostof them had ampullary stenosis. Thus, they 
may be a separate group, but we did not view them as a separate 
group even though they did not fit into the main group that we - 
were studying. For our study, we selected only those patients 
who had a patent cystic duct, as determined by ERCP. However, 
of more than 100 patients, only two were unable to have their 
gallbladders filled by balloon cholangiography. 

All patients were symptomatic before the sphincterotomy, 
thus prompting their presentation for treatment. Among the 
postsphincterotomy patients who presented, only 12 of the 59 
who we followed up developed symptoms. 

I think the treatment of gallbladder disease and, in particular, 
cholelithiasis is an area in surgery that is certainly open for new 
information that we need to consider. We have tried to refine our 
understanding of those patients who are already at high risk who 
might benefit from further therapy, nonsurgical and surgical, so 
that we can treat them more safely. I think our data are important, 
and we hope that our report will encourage you to consider the 
issues and treatment options in these patients as you encounter 
them in your practice. 






Secretory Carcinoma cf the Breast 





ARCHIVES OF PATHOLOGY & LABORATORY MEDICINE 


Paul Peter Rosen, MD, Milicent L. Cranor 


Most studies of secretesy carcinoma of the breast have been single case reports or 
separate analyses of the problem in either children or adults. We studied 10 female 
patients, aged 5 to 87 years. Most patients presented with a palpable mass, often near 
the arecla. Five of six tumors were estrogen receptor negative; three analyzed for 
progesterone receptor were positive. Histologic patterns present in varying propor- 
tions were classic secretory carcinoma with microacini, abundant secretion with pap- 
illary features, and with prominent solid and papillary apocrine features. The tumors 
had strong reactivity for e-lactalbumin, $100, and carcinoembryonic antigen (polyclonal) 
and were negative for grosscystic disease fluid protein and anti-carcinoembryonic antigen 

| sonia Six patients had mastectomy; bur had local excision; none had axillan 


nodal metastases initially. With follow-up of 3 to 72 months (mean, 47 months; median, 














- Reprint requests to Department of Pathology, Memorial Sloan-Kettering Cancer Center, 1275 


York Ave, New York, NY 18021 (Dr Rosen). 
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Monitoring Functional Patency of 


. Percutaneous Transluminal Angioplasty 


Edward V. Kinney, MD; Dennis F. Bandyk, MD; Mark W. Mewissen, MD; Debra Lanza, RN; 
Thomas M. Bergamini, MD; Elliot O. Lipchik, MD; Gary R. Seabrook, MD; Jonathan B. Towne, MD 


e Duplex scanning and Doppler-derived blood pressure 
measurements were used to serially monitor lower limb he- 
modynamics in 73 patients who underwent percutaneous 
transluminal angioplasty. Ninety percutaneous transluminal 
angioplasty sites judged technically satisfactory by arteriog- 
raphy were evaluated. Significant hemodynamic improve- 
ment was seen in 81 (90%) of the 90 limbs, although both 
hemodynamic and clinical improvement were achieved in 
only 77 (86%) limbs. Duplex scanning within 1 week of suc- 
cessful angioplasty identified moderate (20% to 49% diam- 
eter reduction) or severe (>50% diameter reduction) re- 


ik ':sidual stenosis in 49 (63%) of 77 balloon-dilated arterial 


. segments. The presence of a greater than 50% diameter re- 


: : fenis residual stenosis predicted further restenosis and 


. * Tate clinical failure (11% success rate at 1 year). When the 
. degree of residual stenosis at the percutaneous transluminal 
angioplasty site was less than 50% diameter reduction by 
lex scanning, the procedure was durable (80% success 
rate at 2 years), even in patients with critical ischemia, poor 
runoff, or diabetes mellitus. 
(Arch Surg. 1991;126:743-747) 





duplex s 


| nterventional angiographic (endovascular) techniques 
have become an accepted treatment modality for symp- 
tomatic per phetai arterial occlusive disease. Low (10% to 
dity and high (>90%) early success rates have 

been reported after both pl transluminal an- 
-. gioplasty (PTA) balloon dilation and laser "hot tip" an- 
-o gioplastv coupled with balloon dilation.'5 Despite claims 
-< purporting the efficacy cf these procedures, hemody- 
vement following PTA is variable.** Multiple 
in have observed a poor correlation between 
igiographic success and the amelioration of symptoms 



















for publication December 8, 1990. | NA 
Surgical (Drs Kinney, Bandyk, Bergamini, and Seabrook, 


; Lanza) and Radiology (Drs Mewissen and Lipchik) Services, 
1t |. Zablocki Veterans Affairs Medical Center, and the De- 


nt f Surgery (Dr Towne), Medical College of Wisconsin, 








ore the 14th Annual Surgical Symposium of the Asso- 
eterans Affairs Surgeons, Charleston, SC, May 7, 1990. 
:quests to Department of Surgery, Milwaukee County 
mplex, Medical Coilege of Wisconsin, 8700 W Wisconsin 
ukee, WI 53226 (Dr Bandyk). 


Vol 126, june 1991 


or improvement in ankle-brachial systolic pressure index 
(ABI).25? x 

Unfortunately, the reporting standards for PTA have 
not been uniform or as rigid as those de te by vascular 
surgeons in reporting the results of infrainguinal bypass. 
grafting. Typically, a combination of criteria are used to 
evaluate the results of PTA, including the following: pa- 
tency of the angioplasty site, degree of angiographic re- 
sidual stenosis, patient symptomatology, and changes in 
resting ABI. All of these methods have significant limi- 
tations when used to assess either the technical, clinical, 
or hemodynamic success of PTA. If meaningful compar- 
isons are to be made between different patient groups and 
the varied endovascular techniques, objective assessment 
of results is mandatory. Both angiography, a direct im- 
aging method, and Doppler-derived bloed pressure mea- 
surements, an indirect hemodynamic method, yield im- 
precise diagnostic information regarding the degree of. 
residual hemodynamic abnormality at the PTA site. Limb 
blood pressure measurements correlate with the severity 
of ischemic symptoms, but this hemodynamic measure- 
ment is not suitable for assessment of late results since it 
cannot differentiate between progression of atherosclero- 
sis that is in an area remote to the PTA site and recurrent 
stenosis at the PTA site. Furthermore in patients w:th cal- 
cified, incompressible arteries, ABI measurements áre un- 
reliable. 

Duplex scanning is a more appropriate method for the 
assessment of PTA success or failure. The technique is able 
to localize abnormal arterial segments and categorize dis- 
ease severity with an accuracy comparable to angiogra- 
phy.1?!! Direct assessment ofarterialhemodynamicsatthe 
PTA site allows examination of patients with tancem le- . 
sions or incompressible arteries.’ Despite these favorable .. 
characteristics, duplex scanning has not been commonly 
used to assess either the early or late results folowing 

In this study, duplex scanning was used to investigate = 





the degree of residual PTA site stenosis following success- 





ful angiographic balloon angioplasty. Patients in whom = 
PTA could not be completed owing to failure to transverse 


the lesion or inability to increase lumen diameter by bal- — 


loon dilation were not studied. The goal of this prospective _ : 
study was to document hemodynamic changes in the ar- —. 
terial segment modified by PTA using serial duplex ex- 


 aminations. The severity of residual flow disturbance at . 
the PTA site was correlated with the duration of clinical. 
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Clinical Risk Factor Incidence, % | 


Hypertension 

Tobacco use 

Coronary artery disease 
Insulin-dependent diabetes mellitus 
Carotid artery stenosis 

Chronic obstructive lung disease 
Renal insufficiency 

Hyperlipidemia 


Duplex Category* Velocity SpectrasCharacteristics 


Wall irregularity <20% DR 


No increase in peak systolic 
velocity relative to proximal 
arterial segment, but mild 
spectral broadening during 
systole 

Greater than 30% increase in 
peak svstolic velocity relative 
to proximal arterial segment; 
spectral broadening 
throughout thespulse cycle, 
Vp «125 cm/s 

Peak systolic velccity ration at 
stenosis relative to segment 
proximal to stemosis >2; 
uniform spectral broadening 
throughout pulse cycle with 
simultaneous forward and 
reversed flow components; 
Vp 7125 cm/s 

Velocity spectra similar to 
50%-75% DR category, but 
end-diastolic velocity greater 
than 100 cm/s 

No flow signal from visualized 
segment 


2096-4995 DR 


50%-75% DR 


76%-99% DR 


Occlusion 


*DR indicates diameter reduction; Vp, peak systolic velocity. 


and hemodynamic improvement to assess whether tech- 
nical adequacy of endovascular angioplasty was an im- 
portant determinant of outcome. 


MATERIALS AND METHODS 

Duplex scanning and limb blood pressure measurements (ABI) 
were performed on 73 consecutive patients whe underwent 90 
Sables transluminal balloon dilations for symptomatic 
ower extremity ischemia. All angioplasty sites were judged tech- 
nically and angiographically successful by the fellowing: (1) an 
increase in lumen diem eter compared with pre-PTA images; 
(2) less than 50% diameter-reducing (DR) residual stenosis; and 
(3) absence of intraluminal thrombus at the PTA site or embo- 
lization to the distal arterial tree. 

Seventy-three patients (59 male, 14 female) were included in 
the study, with the majority having multiple concomitant med- 
ical problems (Table 1). The average patient age was 64 years 
(range, 41 to 83 years). The indication for angioplasty was 
lifestyle-limiting claudication in 56 limbs (mean[+SD] 
ABI=0.6+0.1) and critical ischemia in 34 limbs (mean[+SD] 
ABI=0.43+0.13). Sites of angioplasty included the common or 
external iliac artery (n = 22), common or superficial femoral artery 
(n=55), popliteal artery (n= 10), and tibial arteries (n=3). Prior 
to the endovascular procedure, angiography Gemonstrated a 
greater than 50% DR stenosis in 71 limbs and short (<8 cm) ar- 
terial segment occlusion in 19 limbs. 
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(73 Patients - 90 PTA Sites) 

Hemodynamic 
Criteria | | 
Failure 


Success 


s. 81/90 (90%) 


4 ABI > 0.15 


9/90 (10%) 


Clinical Criteria* Failure Failure Success 


13/90 (14%) 77/90 (86%) 


Bypass Surgery (n=8) 
Amputation (n=4) 
Medical (n=1) 


Every 3 mo 
Duplex Scan and 
Clinical Evaluation 





Fig 1.—Figure shows early hemodynamic and clinical outcome fol- 
lowing 90 transluminal balloon dilations (percutaneous transluminal 
angioplasty [PTA]). Clinical success or failure is based on suggested 
All standards. '? ABI indicates ankle-brachial systolic pressure 
index. 


The outcome of the 90 successful PTAs by angiography was 
further evaluated using objective hemodynamic and clinical cri- 
teria. To be considered successful, an increase in ABI of more than 
0.15 compared with pre-PTA levels had to occur in conjunction 
with improvement by at least one clinical category based on sug- 
gested reporting standards for grading severity of chronic limb 
ischemia prepared by the Society for Vascular Surgery/ 
International Society for Cardiovascular Surgery Ad Hoc Com- 
mittee of Reporting Standards.'!* During the follow-up interval, 
clinica /hemodynamic failure of PTA was judged to have oc- 
curred if the ABI decreased by greater than 0.15 compared with 
the initial post-PTA level and recurrent stenosis or occlusion of 
d PTA site was verified by duplex scanning and/or angiogra- 
py. 
All patients were examined by duplex scanning (PTA site he- 
modyramics) and ABI determination (limb hemodynamics) 
within 1 week of successful angiographic PTA and at 3-month 
intervals thereafter. Duration of patient follow-up ranged from 
3to41 months (mean, 11.4 months). In seven patients (1096), ABI 
measu-ements were falsely elevated because of tibial artery wall 
calcification rendering the vessels incompressible. 

Dup ex scanning was used to grade the severity of residual 
stenosis at the PTA site based on velocity spectra recorded cen- 
terstream from the treated artery segment and compared with the 
adjacent proximal arterial segment. Both conventional and color 
Doppler duplex imaging systems were used to assess the anat- 
omy ard hemodynamics of the PTA site. Prior review of angio- 
grams was helpful in locating the treated arterial segment by 
B-mode imaging. The pulsed-Doppler sample volume was po- 
sitioned centerstream in the lumen for recording of the velocity 
waveform. Doppler angle correction permitted calculation of 
blood fow velocity at peak systole and end-diastole. Based on 
maximum velocity changes during the pulse cycle and spectral 
content of the backscattered Doppler signal recorded at both the 
PTA site and adjacent proximal artery, residual stenosis was clas- 
sified into five categories: 0% to 19% DR; 20% to 49% DR; 50% 
to 75% DR; greater than 75% DR; and occlusion (Table 2). The 
severity («5095 DR vs >50% DR) of PTA site stenosis, as de- 
termined by duplex scanning within 1 week of the procedure, 
was correlated with the subsequent development of further re- 
stenosis and clinical/hemodynamic failure using life-table anal- 

sis. 
The values of ABI following PTA were compared using the 
Mann-Whitney U Test to avoid assumptions about the distribu- 
tion of the blood pressure data. Differences in ABI among patient 
groups were expressed as mean+SD. Statistical analysis for dis- 
crete deta was performed with the x? test. Cumulative clinical 
success following PTA was determined by the life-table method. 
The duration of clinical success relative to the presence of greater 
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Duplex Disease Category 
VR. eee en -RR 
PTA Site Sites <20% DR 20%-49% DR >50% DR 


Femoropopliteal 57 
Iliac 

Tibial 

Total, Ne. (%) 77 


23 (30) 
*PTA indicates percutaneous transluminal angioplasty; and DR, 
diameter reduction. 


28 (36) 26 (34) 





than 50% DR stenosis by duplex scanning was compared for sta- 
tistical significance using the log rank test. The Cox proportional 
hazard survival model was used to examine the relations of mul- 
tiple variables (PTA site, indication for PTA, SVS/ISCVS runoff 
score, presence of diabetes, >50% DR residual duplex stenosis) 
to the incidence and duration of clinical/ hemodynamic success 
following PTA. 


RESULTS 

Limb blood pressure measurements performed within 
1 week of successful angiographic PTAs demonstrated 
ABI increased by greater than 0.15 in 76 (92%) of 83 limbs 
with compressible tibial arteries. Mean ABI increased 
(P<.001) from 0.58+0.12 to 0.86+0.1 following the pro- 
cedure. Of note, ABI was normalized (>0.9) in only 34 
limbs (40%). Toe systolic pressure increased greater than 
30 mm Hg in five of the seven limbs with incompressible 
tibial vessels. Overall, significant improvement in limb he- 
modynamics was measured in 81 (90%) of 90 limbs (Fig 1). 
Despite an increase in ABI, four patients did not experi- 
ence clinical improvement, based on change in SVS/ISCVS 
category of chronic limb ischemia, and limb ischemia was 
corrected by arterial bypass grafting. No improvement in 
clinical category of chronic limb ischemia was seen in 13 
(14%) of the 90 limbs despite angiography demonstrating 
less than 50% DR residual stenosis at the PTA site (Fig 1). 
The change in ABI in these 13 limbs was minimal, increas- 
ing from a pre-PTA level of 0.54+0.05 to 0.61+0.05 fol- 
lowing the procedure. Early PTA failure was more com- 
mon in patients with critical ischemia (10 of 34) compared 
with those with claudication (three of 56). There were no 
differences in the incidence of clinical risk factors (Table 
1) between patients with early PTA success or failure. The 
cause of early PTA failures was attributed to diseased run- 
off vessels (n = 8) or severe (>50%) residual PTA site steno- 
sis (n — 5). Limb ischemia following failed PTA was treated 
by arterial bypass surgery (n=8), amputation (n=4), or 
medical management (n= 1). In the 53 patients with clau- 
dication and successful PTA, ABI increased to 0.9+0.13, 
a level higher (P<.01, Mann-Whitney U Test) than the 
mean ABI of 0.78+0.17 measured in the 24 patients with 
critical ischemia and clinically successful PTA. 

Duplex scanning of the angioplasty sites in 77 limbs with 
both clinical and hemodynamic (72 compressible arteries, 
five b^ cbe arteries) improvement identified a 
spectrum of residual flow disturbances (Table 3). Approx- 
imately one third of PTA sites demonstrated minimal or 
no flow disturbance (0% to 19% DR disease category), one 
third had a moderate (20% to 49% DR disease category) 
residual stenosis, and one third had velocity spectra in- 
dicative of greater than 50% DR residual stenosis. The in- 
cidence of greater than 50% residual duplex stenosis was 
increased (P = .04, x?) in iliac PTAs (nine [53%] of 17) com- 
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Fig 2.— Life-table computation of duration of clinical/hemodynamic 
success in 77 limbs following successful transluminal angioplasty 
with less than 50% diameter reduction (DR) (solid line) or greater 
than 50% DR (dotted line) residual stenosis at the angioplasty site 
by duplex scanning criteria. (Error bars — 2 X SEM.) 


pared with PTAs in the femoral, popliteal, or tibial arteries 
(14 [23%] of 60). 

The duration of clinical/hemodynamic PTA success 
relative to duplex category of residual stenosis is shown 
in Fig 2 and Table 4 in life-table format. Clinical/ 
hemodynamic failure occurred within 1 yearin 89% of PTA 
procedures with greater than 50% DR residual stenosis at 
the angioplasty site. By contrast, clinical/hemodynamic 
failure occurred in only 20% of limbs at 1 and 2 years fol- 
lowing PTA with less than 50% DR residual stenosis by 
duplex scanning. The difference in PTA success between 
the two categories of PTA site residual stenosis at 2 years 
was highly significant (P<.001, log rank test). Other vari- 
ables reported!4134 to influence late clinical/hemody- 
namic success following PTA, including location of 
involved arterial segment (iliac vs femoropopliteal), indi- 
cation for the procedure (claudication vs critical ischemia), 
severity of runoff disease, presence of diabetes mellitus, 
and morphologic features of the lesion (occlusion vs steno- 
sis) were not predictive of outcome (Table 5). Based on 
life-table analysis, log rank analysis, and risk estimate 
from Cox proportional hazard analysis, the incidence of 
success was similar in these various patient categories at 
2 years following PTA. 


COMMENT 

Comparison of this prospective study of consecutive pa- 
tients undergoing PTA with other reports in the literature 
must be tempered with the caveat that few investigators 
have reported clinical and hemodynamic results following 
PTA using well-defined criteria or calculated duration of 
success using the life-table method. The immediate failure 
rate of PTA (defined as technical failures plus technical 
successes that are not accompanied by clinical improve- 
ment) is reported to occur in 19% to 38% of patients.*°®? 
In this series, the incidence of early (<1 month) clinical/ 
hemodynamic failure was 14% (13 of 90 PTA sites). In ad- 
dition, during the time period of this study, the technical 
failure (inability to pass a wire across the lesion or dilate 
the lesion) rate of PTA at our institutions was 7%, resulting 
in an overall immediate failure rate of 21% in patients 
judged to be candidates for PTA, a level comparable 
to multiple reports in the surgical and radiology litera- 
ture.?-47,8 
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No. Withdrawn Patent | 
—— Án aR Sa — Interval Cumulative 
Interval, No. at No. of Unavailable for Success Success, 
mo Risk Failures Duration Follow-up Rate % 


<50% residual stenosis 
0-1 54 


1-3 54 


3-6 48 
6-9 38 
9-12 27 
12-15 19 
15-18 17 


18-21 14 
21-24 11 


>50% residual stenosis 
0-1 23 


1-3 
3-6 
6-9 
9-12 
12-15 
15-18 
18-21 
21-24 


*Technical (due to inability to pass a catheter or increase lumen diameter following transluminal balloon dilatation) and hemodynamic (no 
increase in ankle-brachial index) failures excluded from analysis. PTA indicates percutaneous transluminal angioplasty. 
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The incidence of significant (ABI increase >0.15) im- 
provement in limb hemodynamics was 90%, a level com- 
parable to the 64% to 85% incidence reported following 
successful transluminal or laser-assisted balloon dila- 


Cox Proportional tions.*? Despite an increase of ABI in 81 limbs following 

Hazard PTA, dinicalimprovement in symptoms was confirmed in 

V ssec o - 77 patents (86%). If single lesions are selected for treat- 

cu as a» — Log Relative intl ence ment by PTA and the procedure corrects the localized he- 

1y,%  Rank,P Risk limite modynamic abnormality, normalization of limb blood 

pressure should occur in a high percentage of patients fol- 

Fe study lowing the procedure. In a series of transluminal balloon 

aite | EE a E dilations performed for claudication in patients with good 

lliac PTA site ot DR. zr runoff. Morin et al!5 reported ABI normalized (>0.95) in 

Femoropopliteal only 43% of limbs. We also observed that normalization 

PTA site 0.776 (0.323-1.862) of ABI following successful PTA was not routine. When 

Chsplicatión the indication for PTA was claudication, the ABI increased 

HAE to greater than 0.95 in 28 (5396) of 53 limbs compared with 

ear six (2576) of 24 limbs in which the procedure was done 

ischemia 2.044 (0.636-6.564) "is n . 
because of critical ischemia. 

Runoff score An abnormal limb blood pressure following PTA may 

Kad La H be the result of tandem lesions, diseased runoff vessels, 

Runoff score or residual stenosis at the angioplasty site. Similarly, a 

=6 ; 1.422 (0.618-3.270) decrease in ABI following a successful PTA procedure may 

No diabetes de et. be due to restenosis at the PTA site or atherosclerotic dis- 

fe ease progression remote from the angioplasty. To accu- 

dependent rately ascertain the incidence of hemodynamic failure fol- 

diabetes 1.035 (0.444-2.411) lowing PTA, assessment of residual stenosis at the PTA 

; site must be made using a direct diagnostic technique such 

UB resin] as duplex scanning. From this baseline evaluation, differ- 


stenosis 
<50% 


entiaticn of PTA restenosis vs remote atherosclerotic dis- 

ease progression is possible by serial examinations. The 

TEn incidence and severity of residual stenosis following PTA 

i judged successful by angiographic, hemodynamic, and 

canbe sr. 1 tan T foal criteria are maie nd reported. Using duplex 
*Rutherford et al.'? l 
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this prospective study documented that resid- 
ual stenosis following successful PTA was common. Based 
on velocity spectra changes, two thirds of hemodynamic 
and clinically successful PTAs had moderate (20% to 49% 
DR) or severe (50% to 75% DR) residual stenosis. Of note, 
no high-grade (>75% DR) lesions were identified follow- 
ing successful PTA. Severe residual PTA site stenosis pre- 
dicted both early and late failure of the procedure. In five 
of the 13 early failures, duplex scanning demonstrated no 
i ev in PTA site hemodynamics after the pro- 
cedure. Of significance, hemodynamic and clinical im- 
provement in limb ischemia was observed in 23 patients 
despite 50% to 75% DR residual stenosis at the PTA site 
by duplex scanning criteria." This finding was not sur- 
prising since lesions with this degree of flow disruption 
are not typically associated with a sizable systolic pressure 
gradient at rest. Even when critical ischemia was the in- 
dication for angioplasty, improvement in symptoms or 
healing of ischemia lesions occurred with this degree of 
residual stenosis if ankle blood pressure was increased to 
a sufficient level. An important finding of this study was 
that greater than 50% DK residual stenosis at the PTA site 
predicted both further hemodynamic deterioration in the 
treated arterial segment and late (>1 month) clinical fail- 
ure, Only one in 10 patients with residual PTA stenosis 
retained any clinical benefit of the procedure at 1 year. By 
contrast, PTA was found to be durable and effective (80% 
Success at 2 years), even in patients with critical ischemia, 
severe runoff disease, or insulin-dependent diabetes mel- 
litus, if arterial hemodynamics at the PTA site were nor- 
malized by the procedure or a moderate («5076 DR) steno- 
sis remained. 
A variety of clinical and angiographic variables have 
been reported to correlate with PTA success or failure. 


scanning, this 








... Lallyeta!? and Johnston etal' reported the most favorable 


.. outcome when the procedure was performed for claudi- 
ation, the lesion was in the iliac artery, a stenosis rather 
han occ usion was treated, and the runoff arteries were 









t diseased. Despite an initial success rate of 94% in pa- 
tients with claudication and 70% in patients with critical 


ischemia, we did not find that clinical or angiographic vari- 
ables correlated with duration of success. When early PTA 
failures were excluded from analysis, the duration of suc- 
cess was similar in patients with claudication and patients 
with threatened limbs, and it was not influenced by site 
of PTA, morphologic features of the lesion (stenosis vs 
occlusion), or angiographic appearance of runoff arteries 


E^. GVSIBENS runoff score”). 


-Although most investigators have relied on changes in 
limb blood pressure (ABI) to detect late failure of PTA, we 
believe this indirect diagnostic method is not sufficiently 

to distinguish between recurrent PTA stenosis 
ion of distal disease. Using duplex scanning, 
d that PTA site stenosis was the most 
| use of deterioration in limb hemodynamics fol- 
lowing an initially successful PTA. In only four patients 
(five limbs) was clinically significant progression of dis- 
ease in an area that was remote from a satisfactory PTA 
site documented by serial duplex scans. Since duplex scan- 
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ning is the only noninvasive method that can accurately 
localize abnormal arterial segments and categorize sever- 

ity of stenosis, we believe application of this techniquefor 
the objective assessment of the early and late results of 


endovascular surgery should be expanded. Data from this — 


prospective study suggest that PTA can be durable and . 
nee clinical results comparable to bypass grafting if the — 


emodynamics in the treated arterial segment are normal-  . 


ized. Furthermore, duplex examination of PTA sites 
within 1 week of the procedure can identity those patients 
with residual (75096 DR) stenosis who are likely to have 
no or short duration of hemodynamic/clinical improve- 
ment in limb ischemia. 
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Primary Resection and Anastomosis in 
Obstructed Descending Colon due to Cancer 


S. C. Tan, MB35, FRCS(Glasg); R. Nambiar, MEBS, FRCS, FRCS(Edin), FRACS; 
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€ Intraoperative colonic irrigation *ollowed by one-stage 
resection is gainin ularity as the optima! surgical treat- 
ment for le “sided Calas obstruction. However, its effi- 
cacy and potential hazards have not been adequately tested 
in obstruction due to colonic cancer. We analyzed the early 
results of 23 consecutive patients with obstructive left-sided 
colonic carcinoma treated by primary resection and anas- 
tomosis following intraoperative antegrade eolonic lavage. 
Two patients (8.6%) died, one from complication of anas- 
-< tomotic leakage. The significant postoperative complica- 
... tions were chest infection in three (13%) and wound in- 
fection in seven (30.4%). The average hospital stay was 16.5 
days. The results of this study suggest that intraoperative 
bowel irrigation permits one-stage resection and anastomo- 
sis to be conducted with reasonable safety provided care is 
taken in operative techniques. 
(Arch Surg. 1991;126:748-751) 


bstructed left-sided colonic carcinomas have tradi- 

tionally been treated by staged operative procedures 

that involve a defunctioning transverse colestomy in the 

first stage, delayed resection of the colon m the second 

stage, and, finally, closure of the colostomy. This form of 

management has several disadvantages, which include 

multiple admissions and operations with prolonged hos- 

^... pital stay, loss of income, and increased cost of medical 

-. care. Patients with large-bowel cancer are often elderly 

and debilitated, which may preclude definitive surgery 

after a preliminary colostomy. The inconvenience of hav- 

ing a celostomy with its associated complications and psy- 

=> chological problems is also not insignificant. in certain cul- 

^ tures and religions, colostomies, even if temporary, are 
.—. considered “unclean” and unacceptable. 

. The principal objection to primary resection and anas- 

tomosis of unprepared obstructed descending colon is the 









reportedly high incidence of leakage.! Immediate anas- 


tomosis in the obstructed descendirg color without ad- 
equate bowel preparation is reported to have a leakage rate 
of 18% and a mortality of 22% compared with 6% and 7%, 
respectively, in elective prepared cases.? Censequent to 
anastomotic leakage, the mortality increases threefold, 
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from 7% to 2295.54 The main reason for the high leakage 


rate is believed to be due to fecal loading of the colon prox- 
imal to the obstruction, which in transit across the anas- 
tomosis causes mechanical disruption with eventual de- 
hiscerce.*6 Therefore, it would seem that if the obstructed 
colon could be decompressed and cleansed to eliminate 
fecal loading, a one-stage procedure would be a safe al- 
ternat:ve to complex staged operations. 

As & significant proportion (21%) of our patients with 
coloni- carcinomas present with acute obstruction,’ the 
aim of this study was to determine whether a one-stage 
resection after antegrade lavage could be conducted 
safely. 


PATIENTS AND METHODS 

Twenty-three patients with an obstructed descending colon 
due to cancer were treated by primary resection over a 3-year 
period »etween June 1986 and July 1989. In all patients, suspi- 
cions of colonic obstruction from clinical symptoms were con- 
firmed radiologically. Radiological features on plain abdominal 
roentgenography included dilated large bowel with or without 
a cutoffsign and fluid levels on the film taken while in an upright 
position. Seven patients had their cancers diagnosed by barium 
enema examination, three by colonoscopy, and four by sigmoi- 
doscop. 

On admission, patients with distention were treated with in- 
travenaus fluids, electrolytes, and nasogastric suction. Antibiotic 
prophy.axis was provided by intravenous gentamicin sulfate and 
metronxdazole during induction of anesthesia. Laparotomv was 
then conducted, followed by intraoperative irrigation, colonic re- 
section, and primary colocolonic anastomosis. 

Our technique of bowel irrigation is similar to that described 
by Dud ey et a? in 1980, with some minor modifications. The 
colon, a:ter routine mobilization, was transected proximal to the 


obstructing tumor, and a rubber anesthetic scavenger tube with 


a glass tabe attachment was inserted into the open proxima! end 
and secared with linen tape. The other end of the rubber tube 
was led into a receptacle for the colonic content (Figure). The 
original technique involved making a colostomy proximal to the - 
obstruction before cannulation with the tubing. We have found 
it more efficientto transectthe colon to facilitate cannulation with 
the rubber tubing, thus enabling decompression of the colon be- 
fore washout. 

For irrigation, appendectomy was performed, and a 24F Foley 
catheter was introduced into the cecum via the stump of the ap- 
pendix znd secured with a pursestring suture. The catheter was 
then cor.nected to an overhead jar containing normal saline so- 
lution, which was flushed into the colon. Dudley et al made an 
ileotoms in the terminal ileum for catheter insertion in an an- 
tegrade direction past the ileocecal valve. We have found it easier 
to insert the catheter through the appendicostomy and occlude 
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the terminal ileum with a noncrushing clamp to prevent back- 
flow. However, one of our patients needed an ileotomy for cath- 
eter insertion because an appendectomy had previously been 
performed. 

To facilitate irrigation, solid contents were gently kneaded 
along the colon and out through the rubber anesthetic -ubing. 
The colon was then flushed until the effluent was clear. This 
usually required about 10 L of saline solution. 

Colonic resection was performed with an end-to-end primary 
anastomosis using 3-0 polydioxinone (Ethicon) single-layer in- 
verting mattress sutures. 


RESULTS 

There were 23 patients, 12 men and 11 women. Their 
average age was 64 years, with an age range of 20 to 
85 years. The average hospital stay was 16.5 days, renging 
from 8 to 42 days. The total time for the operations av- 
eraged 2 hours 58 minutes. Eighteen cases were done by 
consultants and five cases by five registrars under super- 
vision. The most frequent site of obstruction was at the 
sigmoid colon (Table 1). Most of the tumors were mod- 
erately differéntiated adenocarcinomas, and the majority 
of tumors were of Dukes' B and C stages. Oral feeding was 
begunapproximately 5 days postoperatively. Fourteen pa- 
tients had a total of 15 postoperative complications, re- 
sulting in two deaths (Table 2). This resulted in an in- 
hospital mortality of 8.7%. 


COMMENT 

In the treatment of left-sided colonic obstruction, staged 
resection has held sway over primary resection because it 
has always been thought that the latter was associated 
with a higher mortality than simple colostomy and staged 
resection.’ McSherry et al? documented a mortality of 27% 
for primary resection of segments of the descending colon, 
as compared with 6% in staged resections. Other authors 
have confirmed these findings,!! with the result that pri- 
mary resection of left-sided tumors with immediate anas- 
tomosis was considered unsafe and became unpopular for 
many decades. 

However, staged procedures have not been without 
problems. Complications associated with the formation of 
a defunctioning colostomy have resulted in mortalities as 
high as 3276.!? The subsequent closure of staged pee 
dures also involves significant risk.? As many of these 
patients are elderly, secondary operations add tc their 
morbidity and mortality./^-5 In addition, Fiedling and 
Wells reported that patients treated by primary resection 
of obstructed tumors had better long-term survival com- 
pared with staged operations. As a result, the pendulum 
of practice has started to swing back in favor of primary 
resection. * 

Although the in-hospital mortality for primary resection 
was 19% as compared with 6% in "completed" staged re- 
sections,? many of the "intended" staged-resection pro- 
cedures were never completed. It is likely that some pa- 
tients will die in hospital or at home while awaiting the 
second operation; some may refuse further surgery; others 
may have unresectable tumors by the time of the subse- 
quent operation; and still others may have such a stormy 
course after colostomy alone that the decision for further 
a je procedures may have to be abandoned. 

the mortality from these intended but uncompleted 
staged resections is added to the total, then the in-hospital 
mortality of staged-resection procedures (whether com- 
pleted or not) is increased from 6% to 22%. Thus, the risk 
of in-hospital mortality is similar for either policy (19% for 
primary resection and 22% for “corrected” staged resec- 
tion). Indeed, primary resection confers an added advan- 
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Diagram illustrating the intraoperative lavage system. 


Site of tumor 
Splenic flexure 
Descending colon 
Transverse colon 
Sigmoid colon 
Rectum 
Total 

Tumor differentiation 
Well differentiated 
Moderately differentiated 
Poorly differentiated 
Total 

Dukes’ stage 


Wound infection 
Chest infection 

Burst abdomen 
Aspiration pneumonia 
Phlebitis 





Anastomotic leakage 
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Source, y No. 
Koruth et al,"* 1985 61 8 






Pollock et al,'* 1987 41 17 
Foster et a/,'^ 1986 15 13.3 
Kourtesis and Motson,?' 1988 7 0 
Current study 23 8.6 





tage of a shorter hospital stay of 20—1.7 days as compared 
with 4074.6 days for the latter.? 

Fecal loading is well established as a substantive factor 
inanastomctic dehiscence and is confirmed'by experimen- 
tal evidence.*?!5 As early as 1958, Savage!” emphasized 
the importance of adequate decompression before anas- 
tomosis. The addition of perioperative bewel irrigation 
therefore would presumably enhance the safety of a pri- 
mary left-sided colonic anastomosis. This was also found 
to be true in experimental studies? as well as in clinical 
trials. 18-21 

In 1968, Muir® first proposed a method of retrograde 
lavage of the colon to enable perioperative cleansing of the 
obstructed bowel before resection and anastomosis. Dud- 
ley etal,*in 1980, described an antegrade lavage technique 
to clean the colon intraoperatively, ~herebypermitting the 
conduct of primary resection of the descending colon and 
immediate anastomosis. 

Koruth et al!5 performed primary anastomosis after pe- 
rioperative antegrade lavage on 61 patients, with an op- 
erative mortality of 8% and a clinical leakage rate of 7%. 
They obtained a low wound infection rate of 3% and a 
hospital stay of 13 days. Table 3 gives the results of similar 
studies by other authors. 

Some authors, based on their experience in a small series 
of selected patients, have suggested an aggressive ap- 
proach of subtotal colectomy with primary ileosigmoid or 
ileorectal anastomosis for obstructed descending colon 
without any bowel preparation.” We have preferred to 
limit our resection to standard practice, thus avoiding the 
problem of diarrhea that often follows extensive colonic 
resection. 

Our in-hospital mortality of 8.6% compares well with 
reports from other studies,'*° attesting to the safety of the 
procedure. Two patients in our series died. The first was 
an 83-year-old patient who had his left ureter inadvert- 
ently cut during resection of rectosigmoid carcinoma. Pri- 

anastomosis of the ureter prolonged the operation 
to almost 4 hours. He suffered cardiopulmonary collapse 
3 hours after surgery, then chest infection, renal failure, 
and, on the sixth postoperative day, an anastomotic leak- 
age. He eventually died of septicemia. The other patient, 
a 76-year-old man, suffered aspiration on feeding on the 
sixth seca iaces day. After initial recovery following 
treatment, he reaspirated on the 15th postoperative day 
and died. 

Chest complications occurred in three of our cases. This 
concurs with other reports? of a significantly greater num- 
ber of cardiopulmonary complications in obstructed as 
compared with nonobstructed cases. As this may be a pre- 
ventable complication after operation, increased vigilance 
together with adequate pain relief, prompt chest Poe 
iotherapy, deep breathing exercises, and early ambulation 
may reduce morbidity. 
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Wound 
Infection, % 








9 36.5 12 
14 13.3 18 
0 14 16 
4.3 30.4 16.5 





*Studies include a variety of causes for left-colonic obstruction. In the current stucy, only obstruction due to cancer was included. 


In spite of the fact that all our patients received pro- 
phylactic doses of antibiotics, in seven patients (30.4%) 
wound infection developed. Most of these infections were 
mino- and resolved uneventfully. We attribute this to 
some fecal spillage during the intraoperative bowel irri- 
gatiom. Great care has to be taken in the transection of 
dister.ded colon and fitting of the glass-tube connection, 
as itis during this stage that fecal spillage usually occurs. 
Although many modifications have been described, it is 
the meticulous attention to detail and extreme care in the 
procedure's performance that will ensure consistently 
good results. 

In all emergency operations, the question of patient se- 
lection may be considered important. In this series, no 
attempt was made to select patients for the procedure 
apart from general clinical assessment. Thirteen patients 
had one or more of the following conditions in their med- 
ical history: pulmonary tuberculosis, diabetes mellitus, is- 
chemec heart disease, hypertension, gout, bronchial 
asthma, thyrotoxicosis, and benign prostatic hypertro- 
phy. Most of their medical problems were adequately and 
concurrently treated and did not complicate their post- 
operative recovery in any way. However, for those pa- 
tients with grave associated medical conditions, a defunc- 
tionirg colostomy may be the right choice as emergency 
treatment. 

We believe that intraoperative lavage of the colon has 
enabled primary resection of acutely obstructed descend- 
ing celon to be carried out safely. Close attention to op- 
erative technique to avoid spillage and perioperative car- 
diopulmonary management can further reduce morbidity 
following emergency operation in patients with obstruc- 
tive large-bowel cancer. 
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John R. Hughes, MD; Steven W. Gust, PhD; Kelli Skoog; 
Robert M. Keenan, PhD; James W. Fenwick, PhD 


Smokers (n 315) who wished to quit were randomly assigned in a double-blind 
manner to groups using either nicotine or placebo gum. Self-reported and observed 
symptoms of tobacco withdrawal were collected before cessation and at follow-ups of 
1 to2 weeks, 1 month, and 6 months. Self-reported and/or observed anger, anxiety, 
craving, difficulty concentrating, hunger, impatience, and restlessness were the most 
prominent symptoms of tobacco withdrawal. These symptoms had returned to pre- 
cessation levels by 1 month except increased weight, hunger, and craving continued 
for 6 months in many smokers. Nicotine gum decreased most symptoms, including 
craving and dpt but not weight. Abstinent smokers with more intense withdrawal 
were not more likely to relapse. Abstinent smokers who gained more weight were less 
likely tc relapse (Arch Gen Psychiatry. 1991;48:52-59). 


' Reprint requests to Department of Psychiatry, University of Vermont College of Medicine, 
Burlington, VT 05405 (Dr Hughes). 








Obstructed Colon—Tan etal- 75: 











High Rate of Portal Thrombosis After Splenectomy 
in Patients With Esophageal Varices 
and Idiopathic Portal Hypertension 


Akira Eguchi, MD; Makoto Hashizume, MD; Seigo Kitano, MD; 
Kazuo Tanoue. MD; Hiroya Wada, MD; Keizo Sugimachi, MD 


|... * Data on 126 consecutive patients who were admitted to 
.. our clinics from January 1979 to May 1989 were scrutinized 
_ to assess changes in portal hemodynamics following sple- 
.. nectomy. Two groups were classified: (1) a group of 106 
. patients with cirrhosis of the liver and (2) a group of 20 
patients with idiopathic portal hypertension (IPH). Portal 
|. thrombosis was present in five (25.0%) of the 20 patients 
_ with IPH andin two (1.8%) of the 106 patients with cirrhosis 
.. ofthe liver. As seen on celiacarteriography, the mean (+SD) 
_ diameter of the trunk of the splenic artery and vein was 


... 8.99+1.55 and 16.2+3.6 mm, respectively, in patients with 


IPH, while it was 7.94+1.28 and 14.2*3.1 mm, respec- 
tively, in patients with cirrhosis of the liver. Changes in portal 
-._ venous pressure were 78,4+59,4 mm H,O in patients with 
- IPHand43,5 -38.7 mm H,O in patients with cirrhosis of the 
__ liver. There were no significant differences inithe maximum 
. level af thrombocytes in patients with IPH or in those pa- 
. tients with cirrhosis of the liver. These events suggest that 
_ portal thrombosis can occur with a significantly higher in- 
.. cidence in patients with IPH than in those patients with cir- 
.. rhosis of the liver after splenectomy, and a decrease in blood 
_ flowinthe portal vein may be closely linked taithe formation 
.. of portal thrombosis after splenectomy in patients with IPH. 
.. Preoperative examination of portal hemodynamics must be 


ES thorough. 
-= (Arch Surg. 1991;126:752-755) 


P ortal thrombosis sometimes occurs in patients with 
. . portal hypertension after splenectomy.)? In 1963, 
.. Hayes et al reported that thrombocytosis may be one 

: cause of portal thrombosis after splenectomy. 





& hypodynamic state after sple- 
with IPH, compared with findings in 
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patients with cirrhosis of the liver.>’ 

In light of this evidence, we thought the change of portal 
hemodynamics after splenectomy might be linked to por- 
tal thrembosis, and it seemed necessary to reexamine the 
relationship between portal thrombosis and changes in 
portal hemodynamics in patients with IPH who under- 
went splenectomy. 


PATIENTS AND METHODS 
Patients 

One hundred twenty-six patients who were admitted to the 
Department of Surgery II, Kyushu University Hospital, Fukuoka, 
Japan, ‘rom January 1979 to May 1989, were classified into two 
groups (Table 1). The conditions of all the patients histologically 
were proved to be cases of IPH or cirrhosis of the liver. Group 
1 incluced 20 patients with IPH who did not undergo any shunt- 
ing operation (18 with esophageal transection and splenectom 
and two with devascularization of the upper part of the stomac 
and spl»nectomy) for the treatment of esophageal varices*^*; this 
Broup comprised four men and 16 women, with their ages rang- 
ing fror 26 to 64 years. Group 2 included 87 patients who un- 
derwent esophageal transection and splenectomy and 19 patients 
for whom devascularization of the upper part of the stomach and 
spleneccomy were done; this group comprised 83 men and 23 
women (age range, 27 to 68 years), Child’s classification A ac- 
countec for 11 cases, Child's B for eight cases, and Child's C for 
one case in group 1; Child's classification A accounted for 46 
cases, Child's B for 53 cases, and Child's C for seven cases in 
group Z. 

Follow-up 

All patients were examined with ultrasound every 3 months 
in the cutpatient clinics. When symptoms were suggestive of 
portal trombosis, the patients were admitted, and angiographic 
and computed tomographic studies were done. 


Arteriographic Assessment 

Celiac and superior mesenteric arteriography were routinely 
done foc all patients. Findings on the arteriography were ana- 
lyzed bv more than five radiologists and by all of our surgical 
team. The diameters of the right and left hepatic arteries and 
splenic vessels were measured at their trunks, as seen on the 
celiac arteriography. The diameters of the portal vein and su- 
perior mesenteric vessels were measured at their trunks on the 
superior mesenteric arteriography. 


Portal Venous Pressure 





_ Changes in portal venous pressure were examined in patients 


who weve admitted from September 1987 to May 1989. This was 
done be ‘ore and after splenectomy, with the use of a transducer, 
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and the reference point was set at the anterior aspect of the 12th 
thoracic vertebrae. Changes in portal venous pressure before and 
after splenectomy were compared with findings in patients with 
IPH and in those patients with cirrhosis of the liver. 


Laboratory Data 
The laboratory data were checked when the clinical state was 
feasible. Platelets in the peripheral blood were counted in the 
early morning 1 week before surgery; then, changes in platelet 
counts were monitored weekly, and the peak level of elevated 
platelet counts was compared between patients with IPH and 


Table 1.— Patients 


Group 1 Group 2 


Total No. of Patients 20 106 
Age, y 

















Range 26-64 27-68 

Average 46.3 49.2 
Sex, No. of patients 

Male 





Female 


Child's classification, No. of patients 






Surgery, No. of patients 
Esophageal transection 
and splenectomy 18 87 


Devascularization of 
the upper part of the stomach 
and splenectomy 


those patients with cirrhosis of the liver. Anticoagulation therapy 
was given when the platelet counts exceeded 500 x 10°/L, with the 
patients givena daily intravenous administration of aspirin lysine 
(Venopirin). 


Statistics 
Results are given as a mean * SD. Comparison of the data was 
made with the use of the paired and unpaired Student's f test. 
P values less than .05 were considered to have a statistical sig- 
nificance. Quantitative variables, such as the incidence of portal 
thrombosis, were analyzed with the use of the x? test. 


RESULTS 
Incidence of Portal Thrombosis After Splenectomy 

From January 1979 to May 1989, there were five episodes 
of thrombus in the portal vein among 20 patients with IPH, 
with the incidence being 25.0%. In three patients, there 
was a complete obstruction of the portal trunk (Fig 1), and 
in two patients, there was a stenosis of the portal vein due 
to thrombus, as seen on the arteriography. On the other 
hand, in the patients with cirrhosis of the liver, portal 
thrombosis occurred in two, with a 1.8% incidence. Thus, 
the incidence of portal thrombosis after splenectomy was 
significantly greater in patients with IPH than that in pa- 
tients with cirrhosis of the liver (x?- 13.0, P<.01). 


Comparison of the Diameter of Vessels in Patients With IPH 
and in Patients With Cirrhosis of the Liver 

The data are summarized in Table 2. The diameter of the 
splenic artery and vein was significantly larger in those pa- 
tients with IPH than in those patients with cirrhosis of the 
liver (P<.01, Fig 2). The diameter of the right and left hepatic 
artery was significantly less in patients with IPH than in 
those Lys with cirrhosis of the liver (P<.01). The diam- 
eter of the superior mesenteric artery and vein was signif- 
icantly less in patients with IPH than in those patients with 


Fig 1.—Leit, Preoperative venous phase of superior mesenteric arteriography. Portal vein is patent. Right, Arteriography 4 months post- 
operativelv. Complete thrombotic obstruction of the portal vein is evident. 
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cirrhosis of the liver (P<.05 and P<.01, respectively). There 
was no significant difference in the diameter of the portal 
vein between those patients with IPH and patients with cir- 
rhosis of the liver. 


Portal Venous Pressure After Splenectomy 

These data are summarized in Table 3. Portal venous 
pressure was significantly decreased after splenectomy, 
from 308.0+52.8 to 269.4+45.8 mm H,O in 21 patients 
with cirrhosis of the liver (P<.01), and it ranged from 
338.3=55.4 to 260.0+31.6 mm H,O in 12 patients with IPH 
(P<.01). The pressure gradient of the portal vein was 
78.4+59.4 mm H,O in those patients with IPH, while it 
was 43.5+38.7 mm H,O in patients with cirrhosis of the 
liver, with the difference being statistically significant 
(P<.05). The mean change in portal venous pressure was 
87.5 mm HO in five patients with IPH and portal throm- 
bosis. 









Table 2. — Differences in the Diameters of Vessels in 
Patients With IPH and Those Patients With Cirrhosis of 
the Liver* 












Diameter, mm 
M Ae —Ü 

Cirrhosis of 
the Liver 
(n= 106) 


4.45 +0.75 

















R hepatic artery 3.39 € 0.591 









L hepatic artery 2.78 x 0.61t 3.87 +0.59 
Splenic artery 8.99+1.55t 7.94+1.28 
Superior mesenteric artery 7.24 x 1.231 7.84 X 1.34 
Portal vein 17.4 € 2.9 (71436 
Splenic vein 16.2+3.6t 14.2+3.1 
Superior mesenteric vein 14.4 x 3.6t 16.1 3.4 





*IPH indicates idiopathic portal hypertension. Data are given as 
mean + SD. 

tP«.04. 

$P<.05. 


Platelet Counts After Splenectomy 

Platelet counts 1 week before the operation were 
51.8+14.4x10%/L in those patients with IPH and 
93.8+ 12.8 x 10°/L in those patients with cirrhosis of the 
liver. The peak level of increased platelet counts was 
380+ 147 x109/L in patients with IPH, and it was 
411+135 x 10?/L in those patients with cirrhosis of the 
liver. "here was no statistical difference. Serious infection 
or operative trauma never occurred. 


COMMENT 

To cur knowledge, this is the first report that portal 
thrombosis can occur with a significantly higher incidence 
in patients with IPH than in those patients with cirrhosis 
of the liver after splenectomy. A decrease in portal blood 
flow was suspected as being one of the main factors in IPH. 

Other investigators noted that thromboembolic compli- 
cations after splenectomy were appparently related to 
thrombocytosis.!?!! However, in our five patients with 
IPH in whom portal thrombosis occurred, the peak level 
of thrombocytes was within the range of 300 to 430 x 109/L 
duringthe follow-up period, a value slightly elevated over 
the normal. Thus, postoperative thrombocytosis was not 
the main factor related to the portal thrombosis. Ziemski 
et al? also reported that thromboembolic complications 
after splenectomy were related to factors other than 
thrombocytosis. 

We also found no significant difference in postsplenec- 
tomy maximum platelet counts between patients with IPH 
and these patients with cirrhosis of the liver. The high 
incidence of portal thrombosis in patients with IPH com- 
Er with thatin patients with cirrhosis of the liver cannot 

e explained by a postoperative thrombocytosis. 

Gordon et al? reported their findings in four patients 
with portal thrombosis after splenectomy. The diameter 
of the splenic vein of these four patients exceeded 3 cm. 
They suggested that flow stasis in the remnant dilated 
splenic vein after splenectomy was closely related to the 
pathogenesis of portal thrombosis. In our preoperative an- 
giographic study, the mean diameter of the splenic vein 


Fig 2.— Venous phase of celiac arteriography. Left, Cirrhosis of the liver. Right, 'diopathic portal hypertension —splenic vein is dilated in 
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patient with idiopathic porta! hypertension compared with that in patient with cirrhosis of the liver. 
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Cirrhosis of 
IPH the Liver 










(n=12) (n=21) 
Weight of the resected spleen, g 568.0+140.8 655.8 464.7 
PVP before splenectomy, 

mm H,O 338.3+55.4 308.0 + 52.8 
PVP after splenectomy 260.0+31.6 269.4 +45.8 
Change in PVP 78.4+59.4t 43.5 +38.7 
Platelet counts before 

splenectomy, x 10*/L 51.8+14.4 53.8+12.8 
Peak leve! of platelet counts 38.0 14.7 41.12 13.5 





*IPH indicates idiopathic portal hypertension; PVP, portal venous 
pressure. Data are given as mean — SD. 
tP<.05. 


was significantly larger in patients with IPH than in pa- 
tients with cirrhosis of the liver. As Gordon et al? pointed 
out, we must be aware that portal thrombosis can occur 
after splenectomy when the splenic vein is markedly di- 
lated. Broe et al!* proposed that proximal splenic venous 
ligation should be done to prevent the pathogenesis of 
thrombosis caused by flow stasis in the remnant splenic 
vein, after splenectomy. 

Other investigators also showed that there is a hyper- 
dynamic portal state caused by an increased splenic 
venous flow in patients with IPH, and the portal venous 
flow is significantly reduced after splenectomy in patients 
with IPH compared with findings in patient with cirrhosis 
of the liver.57 In the portal thrombosis that was seen in our 
patients with IPH, the mean change in portal venous pres- 
sure after splenectomy was 87.5 mm H,O. Belli et al! also 
reported changes in portal hemodynamics, such as the 
decrease of portal blood flow, as the main factor that 
caused a thrombosis. 

Consequently, we propose that the high incidence of 
portal thrombosis after splenectomy in IPH patients with 
IPH, as compared with the incidence in those patients with 
cirrhosis of the liver, may be closely related to flow stasis 
in the portal vein. 

Portal thrombosis is a fatal complication. As portal 
thrombosis can occur when splenectomy is done for the 
treatment of esophageal varices in patients with IPH, pre- 
ventive measures must be taken. Our policy is as follows: 
We first examine portal hemodynamics in great detail, 
with the use of arteriography or an ultrasonic Doppler du- 
plex system, !67 before surgery. When itis evident that the 
splenic circuit largely contributes to the portal hyperten- 
sion, we sclerose the varices by OPE injection, !? 
and/or we devascularize the upper part of the stomach.? 

El-Khishen et al? reported their view that splenectomy 
is contraindicated for hypersplenism secondary to portal 
hypertension, and they favored doing a distal splenorenal 
shunt. We also found that platelet counts increased after 
a distal splenorenal shunt was done to treat patients with 
esophageal varices and a nonalcoholic cirrhosis. Portal 
flow can decrease after a distal splenorenal shunt is done, 
with the result being a portal shromboeis as the splenic 
flow fails to contribute to the portal flow. Henderson et al?! 
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found that portal venous perfusion is maintained after a 
distal splenorenal shunt is performed; hence, further de- 
tailed examinations have to be done. 


This work was supported in part by grant-in-aid 02807122 for gen- 
eral scientific research from The Ministry of Education, Science and 
Culture, Tokyo, Japan. 
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Barrier Efficiency of Surgical Gowns 
Are We Really Protected From Our Patients’ Pathogens? 


Jeffrey W. Smith, MS, MPH, Ronald L2e Nichols, MS, MD 


@ Surgical gowns are traditionally worn te pretect patients 
from contamination by the surgical team. Biood routinely 
.; covers gowns during surgery and often contaminates sur- 
: geons” undergarments and skin. Because of risks to the sur- 
~ gical team by blood-borne pathogens, disposable and reus- 
. able gowns were examined. To quantify “strike through,” 
1440 samples of gown fabric were tested against human 
blood in an apparatus designed to simulate abdominal pres- 
sure curing surgery. Representative pressures (0.25 to 
_ 2.0 psi) and times (1 second to 5 minutes) were studied. 
-< Above0.5 psi, spun-bond/melt-blown/spun-bend disposable 
_ products were more resistant than spun-lace cloth. New 
.. Cloth gowns were better than those washed 40 times. Spun- 
bond/melt-blown/spun-bond fabric exposed to blood twice 
.. was more protective than spun-lace cleth challenged once. 
_. Gowns currently available exhibit varying resistance to 
-strike through; only those with an impervious plastic rein- 
-forcement offer complete protection. 
(Arch Surg. 1991;126:756-763) 


| O ne of the most important advances in surgery of the 
last century was the realization that a significant 

.. number of postoperative infections could be prevented 
_ with the combined intraoperative use of sterile technique 
_ and garments (masks, head coverings, sterile gowns). Be- 
_ fore the late 1800s, surgeons paid little attention to what 
|. they wore during surgery. Scme operated in shirt sleeves 
.. Or wore a favorite coat, possibly caked in blood from pre- 
vious. operative procedures. Lister, Semmelweiss, and 
... others, realizing the involvement of exogenous bacteria in 
_. surgical infections, were influential in the movement to- 
_ ward aseptic surgery.! Sterilized gowns and caps were 
_ first reported to be used in the operating room by Gustav 
—— Neuber in 1883.! | 
< An aseptic barrier can be defined as any material placed 
between the operative incision and a possible source of 
bacteria, with the intention of preventing their passage 
. Accepted for publication November 23, 1990. 
From the Department of Surgery, Tulane University School of 
Medicine, New Orleans, La, ooo 
. Presented in part at the Occupational Safety and Health Admin- 
istration Public Hearings on Occupational Exposure to Blood-borne 
Pathogens, San Francisco, Calif, January 17, 1990; and at the 30th 
Interscience Conference on Antimicrobial Agents and Chemother- 
apy, Atlanta, Ga, October 23, 1990. 
t... Reprirt requests to Department of Surgery, Tulane University 

- School of Medicine, 1430 Tulane Ave, New Orleans; LA 70112-2669 

(Dr Nichols). 
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into the sterile zone. In this manner, gowns, traditionally 
of 140-thread cotton muslin, have been used to keep the 
skin microorganisms of the surgical team away from the 
operative field. As early as 1952, Beck and Collette? noted 
severe limits to the worthiness of the gowns then being 
used by surgeons. Despite their apprehensions and those 
of a few other critics,*^ the choice of gowns was deter- 
mined mainly by considerations of comfort and cost. 

There is currently a great interest in the protection of the 
health care worker from diseases that might be carried by 
the patient. At least seven cases of job-related human im- 
munoceficiency virus (HIV) seroconversion have been 
tentatively attributed to mucous membrane or skin 
splashes with contaminated blood.9 A recent report 
showed that 6% of all patients treated at the Emergency 
v deen of the Johns Hopkins Hospital, Baltimore, 
Md, were seropositive for HIV,’ with approximately 15% 
of the patients seeking medical attention for trauma hav- 
ing unrecognized HIV infection. In the operating room, it 
has long been recognized that blood frequently strikes 
througa the surgeon's gown, is absorbed by the scrub suit, 
and can directly contaminate the surgeon's skin. Several 
blood-borne pathogens can potentially be spread in this 
manner, the most important being HIV and hepatitis B 
virus (HBV). It is known that HIV exists in blood at con- 
centrations of 109/mL5 and HBV at the level of 108/mL5; 
thus, a small amount of contaminated "strike-through" 
blood can contain sufficient inoculum to possibly infect the 
health -are worker. Although unbroken skin is generally 
believed to be an effective barrier to the passage of these 
diseases, it might be compromised by cuts, abrasions, or 
dermatitis.? 

In light of the current interest in increased protection of 
the operating room team from strike through and defi- 
ciencies noted in currently used gowns, we undertook a 
series cf tests quantitatively to determine strike through 
for several types of operating room gowns under varying 
conditiens of time and force. 


MATERIALS AND METHODS 
Gowns Tested 
Eleven types of widely used, commercially available surgical 
gowns were tested during this investigation (Table 1). They in- 
cluded two types of reusable cloth gowns: high-thread-count 
polyester-cotton blend (cloth 1) and double-layer polyester (cloth 
2). Three brands of disposable nonwoven fabrics were also tested. 
Two were composed of a wood pulp-polyester blend generally 
known es spun-lace cloth (spun-lace 1, spun-lace 2). The third 
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Construction 


Reinforcement 


Reusable 
Bar-Bac Plus 220-thread count, 50% polyester/50% cotton None AP 7001 
(cloth 1) 
ComPe! 100% polyester, 7300 spun multifilaments/sq in Double-layer cloth 655 NTH 
(cloth 2) 
Disposable 
Barrier Spun-lace, wood pulp-polyester blend manufactured by hydroentanglement None 3551 
(spun-lace 1) process Double layer of fabric 0581 
Polyethylene layer 0575 
Optima Spun-lace, wood pulp-polyester blend manufactured by hycroentanglement None 9515 
(spun-lace 2) process Double layer of fabric 9511 
Polyethylene layer 9010 
Evolution Spun-bond/melt-brown/spun-bond laminate, 100% polypropylene None 90012 
Double layer of fabric 904 12 
Polyethylene layer 90312 


*Bar-Bac Plus is made by Angelica Uniform Group, St Louis, Mo; ComPel by Standard Textile Co Inc, Cincinnati, Ohio; Barrier by Surgikos Inc, 
Arlington, Tex; Optima by Baxter Healthcare, Deerfield, Ill; anc Evolution by Kimberly-Clark Corp, Roswell, Ga. 


th, 
TI 


Plastic SFeet 
Blood 
Gown Sample 


| h 
i 


Bottom Flate 


Jack 


Fig 1.—Apparatus used to press blood through samples of surgical 
gown material. The upper bladder contains water and simulates the 
surgeon’s abdomen. Air pressure applied to the lower bladder 
causes the upper bladder to compress the blood and gown sample 
against the top plate of the press. 


disposable fabric was a three-layer spun-bond/melt-blown/spun- 
bond laminate of 100% polypropylene (SMS). The gowns tested 
were either a single nonreinforced layer (NR), reinforced with a 
second layer of the same fabric (FR), or reinforced with an im- 
permeable layer of plastic (IR). The reinforced gowns had patches 
only in selected areas (fronts and sleeves normally). All gowns 
were surface coated with a water-repellent treatment. The re- 
usable gowns were unused, nonsterile, and first tested without 
prior washing. The disposable types were all supplied sterile and 
wrapped for operating room use. Only the front panels and 
sleeves (wrist to elbow area) were tested, as they are the areas 
most likely to be covered with large amounts of blood during 
surgery. The reinforced gowns were only tested in the areas of 
reinforcement. To maximize tests per sample, only size large 
gowns were used in this study. The gowns were purchased from 
commercial hospital suppliers except for NR SMS and IR SMS, 
which were supplied by the manufacturer. These two types with 
a new surface treatment were commercially available but not yet 
stocked by our local distributors. 
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Blood Selection 

Human blood, collected from healthy volunteers, was used 
immediately in the fresh, nonanticoagulated state, or citrated 
with citrate-phosphate-dextrose solution in the standard blood 
bank concentration. Only blood with a hematocrit in our hos- 
pital’s normal range (0.36 to 0.52) was utilized. All volunteer do- 
nors signed an informed consent approved by the local inves- 
tigational review board before their participation. 


Test Press Apparatus 

The apparatus used to test the surgical gowns was a modifi- 
cation of an instrument developed by the Kimberly-Clark Cor- 
poration, Roswell, Ga. Their device was submitted tothe US Oc- 
cupational Safety and Health Administration (OSHA) during 
Sadi testimony regarding occupational exposure to blood- 

rne pathogens (April 1989). Our instrument (Fig 1) is essen- 
tially a box with a thick plastic plate located above a rubber blad- 
der (hot water bottle), which is sufficiently filled with water to 
have a flat surface and simulate the abdomen of a surgeon. Pres- 
sure is produced by a second bladder placed under the first, 
which is pressurized by compressed air flowing threugh a con- 
trolling solenoid. These bladders are placed on a laboratory jack 
to allow setting the distance between the top of the bladder and 
the plastic block. A gauge measures the pressure developed dur- 
ing each test run. When the bottom bladder is pressurized, it 
squeezes the top bladder against the plastic plate, simulating the 
surgeon pressing his or her abdomen against a flat surface. 


Determination of Pressures 

Estimates of pressures developed during surgical maneuvers 
were determined utilizing a rubber bladder similar to the one 
used in the apparatus described above. An air-filled bladder was 
connected to a pressure transducer (model P23D, Statham, Hato 
Rey, Puerto Rico) and measured on a polygraph (model 2007, 
Gould Inc, Cleveland, Ohio). Thirty general surgeons leaned 
against the bladder at an operating room table with the same 
amount of pressure as they thought they did poen pro- 
cedures. They were asked to lean against the tabie, reach for 
instruments, and rest their dominant arm on the table. Each po- 
sition was repeated and measured three times. 


Test Procedure 
A total of 1440 gown samples were tested during this research 
project. For each test, a 15 x 23-cm (6 x 9-in) sample of the gown 
material was placed on a like-sized piece of blotter paper (Textile 
Blotter Paper, AATCC, Research Triangle Park, NC) to absorb 
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any blood passing through the sample and to simulate the sur- 
geon's scrub suit. A 1.5-mL aliquot of blood was placed in a pat- 
tern of closely spaced droplets over the center ofthe fabric. These 
droplets joined daritu e test to form a continuous layer of 
blood. Two sheets of 1.5-to 2.0-mil (-0.001 in) microembossed 
att be deg film (type X-228C, Edison Plastics Company, 

infield, NJ) were placed above and below the sample 
to keep the blood contained in the area of the test. The entire 
“sandwich” was then placed into the test apparatus and the de- 
sired pressure applied for a measured time. The times used dur- 
ing this study were 1, 15, and 30 seconds, and 1, 2, and 5 minutes, 
and the pressures were 0.25, 0.5, 1.0, 1.5, and 2.0 psi. These 
pressures encompassed the e of values seen during the pres- 
sure measurement portion of this protocol. The weights of the 
blood aliquot, and of the blotter before and after testing, were 
determined on an electronic balance accurate to 1 mg. Strike 
through was determined as the percentage of blood parang 
through the gown. Three replicates were run at each of the 30 
pressure-time combinations for all gowns tested. All tests were 
done at room temperature with a relative humidity between 54% 
and 65%. 

Because the blood striking the gowns during surgery is nonan- 
ticoagulated, fresh blood was compared with citrated blood in the 
three NR disposable gowns to determine if there were differences 
in strike through. These tests were conducted at two pressure- 
time combinations (0.5 psi for 15 seconds and 1.0 psi for 1 second). 
Between 12 and 49 replicates were run for each gown type, de- 
pending on the availability of the blood. Because no differences 
were fcund, citrated human blood was used for the major testing 
in this study. 

Samples of NR SMS and FR SMS gowns were tested twice at 
the same pressure-time combinations to see if their performance 
would degrade. To determine if strike through changed with ex- 
tended washings, the reusable cloth 2 samples were reevaluated 
after the fabric swatches were washed by a hospital laundry 40 
times. The cloth 1 fabric pieces that were tested new were not 
availabie for follow-up testing. 


Statistical Testing 

The comparisons between the fresh and citrated human blood 
were done with the unpaired Student t test for each of the three 
gowns tested. The 11 gowns were compared at the 30 pressure- 
time combinations by three-way analysis of variance (ANOVA) 
using Statview SE-- Graphics (Abacus Concepts Inc, Berkeley, 
Calif) Follow-up testing was done with the SAS general linear 
model program to examine groupings of gowns.!^ All tests were 
run two-tailed with a = .05. Comparisons between the new and 
washed reusable gowns and for the SMS gowns that were tested 
twice were done by three-way ANOVA at a=.05. 


RESULTS 
Comparison of Fresh and Citrated Blood 

The strike-through results for fresh human blood com- 
pared with citrated blood at two pressure-time conditions 
are given in Table 2. There was no statistical difference 
seen between the two blood conditions for any of the 
gowns (P<.05). Both the spun-lace 1 and the spun-lace 2 
gowns gave similar results, with the strike through being 
much greater in the 1.0 psi-1 second tests than in the 
0.5 psi-15 second tests. The SMS gowns showed a lower 
strike through under both test conditions. Because of the 
difficulties involved with testing fresh, nonanticoagulated 
blood and the lack of statistically significant differences in 
strike through with citrated blood, the remainder of the 
vim in this study was performed using citrated human 

lood. 


Determination of Pressures at Surgery 
The pressures found during simulated surgical move- 
ments are given in Table 3. Leaning against the operating 
table developed the least pressure of the three positions 
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Test Conditions Blood Used, 
ABER 2S e LM ne Mean (x SD) Percentt 

Gown Pressure, Time, ———— — >. 

Type psi s Fresh Citrated 


28.0+18.1 (21) 36.4+17.1 (24) 














lei 10 1 787-49 (22 774-143 (31) 
Spun- 05 13 257-117 (38) 30.34+12.4 (44) 
lace2 19 1 843-38 (21)  757225.5 (25) 
SMS 05 15 522143 (12 112511. (26) 
0.6+3.4 (30 —0.3+3.1 (49) 










*SMS indicates spun-bond/melt-blown/spun-bond. No difference was 
significant by two-tailed unpaired t test. 

tNumbers in parentheses indicate number of disposable nonrein- 
forced gowns. 





Pressure, psi 
e 
Mean € SD Range 










Surgeon's Position (n) 













Leaning (30) 0.52+0.29 0.06-1.45 
Reaching (28) 0.70+0.37 0.12-1.84 
Arm resting (28) 0.62+0.42 0.05-1.64 





examined (mean, 0.52 psi), while reaching for an instru- 
ment showed the greatest (mean, 0.70 psi). The greatest 
pressure seen during any maneuver was 1.84 psi while 
reaching. 


Comparison of Surgical Gowns 

Figure 2 shows the results of testing the 11 gown types 
for bloed strike through under 30 different conditions of 
time and pressure. A statistically significant difference 
(P<.0091) was found to occur for increasing time or pres- 
sure and gown type. As can be seen, at all times tested, 
the NR spun-lace 1 and NR spun-lace 2 fabrics consistently 
had thegreatest levels of blood strike through (<92%). The 
FR styles of the same brands also gave results similar to 
each other, permitting less blood strike through (<73%) 
than the NR gowns. Theinitial resistance to strike through 
was qu.ckly lost in both the NR and FR samples, and a 
plateau was seen for all the periods. This occurred at ap- 
proximately one test pressure higher in the FR sample. The 
SMS sample showed less strike through than did the spun- 
lace fabrics. The FR SMS sample allowed less blood to 
strike through (<9%) than did the NR fabric (<30%). The 
SMS did not show the plateau effect seen in the spun-lace 
sample but rather showed steady increases following a 
break point. Blood strike through was not seen in any of 
the IR gowns. 

The new, unused cloth 1 and cloth 2 gowns allowed 
minima. strike through when tested up to 2 minutes at 
1.0 psi. At 5 minutes, each had about 4% to 14% strike 
through for pressures up to 1.0 psi. These cloth gowns 
started to show increasing strike through at "PEORES ex- 
ceeding 1.0 psi. The cloth 2 sample allowed a maximum 
of 53% strike through, while the cloth 1 sample had a max- 
imum o: 37% strike through. 

The results were further tested statistically to group the 
gowns as to their resistance to strike through. The two NR 
spun-lace products almost always grouped together, as 
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did the FR spun-lace gowns. All IR gowns were uniformly 
found in the group with the least strike through. The SMS 
products in most cases were in groups with less strike 
through. The two new cloth gowns at pressures up to 
1.0 psi tended to group with the IR gowns. At higher pres- 
sures, they showed lower strike through than the spun- 
lace products and the SMS materials. 

The results of the twice-tested NR SMS and FR SMS 

roducts shew that in both gowns, overall strike through 
for the second testing was greater than in the first 
(P<.0001). The NR auti. showed no additional signif- 
icant strike through for the second test at pressures up to 
1.0 psi at all times studied. At the higher pressures, there 
was an increase in strike through. At 2.0 psi, this second 
testing gave results approximately equal to the FR spun- 
lace products tested one time. The gowns at 1.5 psi had 
$ ma better than those shown by the spun-lace fabrics 
exposed once. At pressures up to 1.5 psi, the FR SMS 
gowns showed approximately the same resistance to 
strike through in both testings for all times tested. At 
2.0 psi, the second test showed strike through increasing 
as the time of testing increased until approximately 50% 
strike through was noted for the second challenge at 
5 minutes. These results were substantially better than 
those for the other FR disposable products challenged 
once. 

The cloth 2 fabric was retested after 40 washes by a hos- 
pital laundry. As can be seen in Table 4, the new gowns 
uniformly permitted less strike through than the washed 
cloth (P<.0001). This difference was primarily seen at 
pressures of 1.0 psi or greater. 






v du COMMENT 
. From the late 19th century until the 1950s, the standard 
- surgical gown was constructed of 140-count cotton mus- 
. lin. This gown was considered to be ideal to protect the 
. patient from bacteria carried into the operating room by 
. members of the parce team. Questions concerning the 
- suitability of this fabric were first proposed by Beck and 
Collette,2 who demonstrated bacterial passage through 
wet, but not dry, cotton cloth. Colebrook and Hood” ear- 
-lier proposed the placement of a waterproof material, such 
as cellophane, between layers of dressings to prevent bac- 
terial migration. This idea was discounted in gowns, as the 
lack cf porosity would cause increased perspiration and 
heat, making the gown intolerable. These authors sug- 
gested the gown be changed if it were to become wet dur- 

(ing the surgical procedure. 

- Beek and Carlson,’ in 1963, again described the wicking 
action that allows the free two-way passage of bacteria 
hroughout wetted areas of gowns. They proposed a list 

sirable features in a waterproof surgical gown, in- 
ibility, strength, comfort, and reasonable cost. 















iat there should be a method for deter- 


mining the age and wear of reusable gowns. These authors 
stressed that an effective gown would be of no value unless 
it was acceptable to the surgeon. 

Several authors*1?5 were concerned with the dry pas- 
sage of bacteria through surgical gowns, which could con- 





taminate the surgical field. They were able to demonstrate 
thatbacterial passage was reduced by tightly woven cotton 
fabric, impervious suits, and treated Pere 

_ Fassage of bacteria through surgical gowns during use 
udied by Moylan et al, who found that in surgeries 
n 2 hours long, cloth gowns allowed considerably 
passage than did spun-bond olefin. Operations 
rthan this did not appreciably alter the recovery from 
oth gowns but did show an increase in the passage 
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of bacteria in the disposable gowns used insurgeries last- 
ing 4 hours or longer. E 

Although previous authors!7!? were able to show dif- 
ferences in air-borne contamination and wound infection 
rates with various gown fabrics, it is evident that a stan- 
dardized test or series of tests should be utilized to assess 
them more fully. Beck and others?! have continually 
stressed that gowns should be tested both under condi- 
tions of use and in the laboratory setting. They also nave 
lamented that there are no nationally recognized stan- 
dards governing the "bacterial-proofness" of gowns. 
Many tests have been devised to attempt to compare gown 
fabrics.? An early test by Beck and Carlson’ simply com- 
pressed pieces of gown between an inoculated Petr: dish 
and a sterile dish and looked for bacterial passage. Later 
tests used columns of inoculated bacterial broth sealed- 
with a swatch of the test fabric (Mason jar test) to assess 
liquid penetration. | 

Laufman et al? in noting that previous tests dd not 
mimic the stresses encountered during actual surgery, de- 
veloped the unopposed weight test to simulate these 
stresses. They placed weights (200 g to 2 kg) over slings 
ofthe test material containing an inoculated bacterial broth 
and cultured the bottom of the materia! after various pe- 
riods to determine strike through. The authors estimated 
2 kg being the unopposed pressure of an elbow on a gown 
sleeve during actual use and half the pressure applied to 
the front of a gown when a surgeon leans against an op- 
erating table. They compared several types of fabrics and 
found a great variability, with good results seen only in 
tightly woven waterproofed cotton fabrics and nonwoven 
materials with a layer of plastic film. This quantitative test 
allowed a fabric to pass or fail but did not consider degrees 
of bacterial penetration. From these tests, they recom- 
mended that the front and sleeves of nonwoven gowns be 
reinforced with an impermeable layer. Laufman and co- 
authors?! later developed an additional method that tested 
bacterial penetration at a constant force of approximately 
4.9 N. They estimated this to be one fourth the stress of 
a bent elbow on a sleeve. With this test, they were able to 
show great variability among each type of woven or non- 
woven gown material tested. 

Mackintosh and Lidwell2 were concerned with the ef- 
fect of the surface tension of the test fluids and were able 
to show that serum penetrated materials at a slower rate 
than either water or water with surfactant. Schwartz and 
Saunders? also examined surface tension and observed 
that strike through could be altered by varying the fluid 
used. 

The test methods used in the current study tried to ad- 
dress the problems noted with previous procedures. Al- 
though surgeons and other operating room personnel are —_ 
interested in the differences between gowns, comparisons 


have been difficult owing to different testing procedures _ 


and the lack of official standards. We wanted a test that. 


would allow us to measure the amount of strike through 
quantitatively rather than just a pass-fail test. We used _ 


human blood as the test fluid because it is the primary i 


material that we are trying to prevent striking through 


gowns in the operating room. Although previous studies _ 
had tried to correlate time and pressure to strike through? = 
we believe that our testing allows reproducible measure- ` 
ments of strike through under conditions simi 
seen in the operating room. Our testing is accurate tol mg — 
of blood passing through the fabric onto the blotter. Al- 
though this is a small amount, it should be noted that this _ 
can contain a large number of HIV particles. Arecentstudy : 
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Fig 2.— Blood “strike through" at different times and pressures for various disposable end reusable surgical gowns. Open circles indicate 
spun-lace cloth 1; open triangles, spun-lace cloth 2; open squares, three-layer spun-bend/melt-blown/spun-bond laminate of 100% poly- 
propylene; solid squares, cloth 1; and solid circles, cloth 2. For the disposable gowns, so'id lines indicate nonreinforced; dotted lines, fabric 
reinforced; and dashed lines, impervious reinforced. 
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Time 
OR oa es an. a 


psi Condition 1s 15s 30s 1min 2min 
-0:4 16 09 
Ou, ZO 34 
0:3 ^05" - 7.3 
Vind .91 
2502 14: 3.5 
9.8 10.9 6.3 
135. 44 . 5.5 
35.0 41.2 39.3 
22.0 33.9 402 
32.8 36.4 55.3 


*Values are percent of blood striking through samples of gown fabric 
(mean of three replicates) The gowns showed a statistically significant 
difference between the new and washed challenges at P<.0001 by 
three-way analysis of variance. 


has shown that there can be up to 3500 tissue culture in- 
fective doses per milliliter of plasma, and that one of every 
400 circulating mononuclear cells harbors HIV in infected 
patients.® 

Previous authors have either made no attempt to cor- 
relate their test conditions to those seen during surgery or 
have made educated guesses based on anecdotal values 
for the pressures seen during surgery. Our data indicate 
that mean pressures of approximately 0.5 psi with peaks 
approaching 2.0 psi are found during surgically related 
movements and verify our test conditions of 0.25 to 2.0 psi. 
The orthopedic surgeon pushing against a drill, however, 
may develop pressures greater than our test conditions. 
We are currently studying pressures during a variety of 
actual surgical procedures with the use of an advanced 
multipoint sensor apparatus. The range of times used for 
the present study (1 second to 5 minutes) was chosen to 
represent those durations most likely to be experienced 
during surgical operations. Our testing procedure did not 
take into account the gown stretching or abrading, as 
would occur in the operating room. These would surely 
allow increased strike through to occur. Multiple expo- 
sures or pressing for longer periods than tested would also 
be expected to increase the strike through. 

Our results show that there are great differences in the 
resistance of surgical gowns to strike through. Laufman 
et al5 called for gowns to be reinforced in areas subject to 
a high incidence of strike through (sleeves and gown 
fronts). The manufacturers have produced gowns with 
this requested protection. Our results suggest that this re- 
inforcement may be of dubious value. The FR spun-lace 
materials, although better than the NR materials, still al- 
lowed unacceptable amounts of blood to pass through. 
The IR gown materials of both types (spun-lace and SMS) 
did not allow any blood strike through in any of our tests 
and were correctly identified as being impervious in the 
areas of the reinforcement. These areas of any gown, al- 
though better than NR gowns, may be of limited useful- 
ness. Blood can still seep through the gown arcund the 
reinforced areas. The FR spun-lace gowns have stitching 
to attach the reinforcements and along the sleeve seams, 
potentially providing holes for the blood to pass through. 
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The spun-lace 1 gowns, identified as being FR, only have 
patches on the sleeves and lack reinforcement on the front. 
We decided to test the NR SMS and FR SMS gowns for 
resistance to a second blood insult when we saw that single 
testing indicated their higher protective value. The results 
of this extra testing show that this SMS material is highly 
resistant to strike through by our testing procedures. The 
SMS material would most likely be more protective in sur- 
gical procedures where there would be repeated pressing 
against blood. The spun-lace fabrics were not retested with 
a second challenge owing to the larger amounts of strike 
through seen on the single uns 
The cloth gowns, when new, offered a high degree of 
pn almost always better than the NR or FR spun- 
ace fabrics. When washed 40 times, the amount of strike 
through increased appreciably for the cloth 2 gowns. The 
manufacturer realizes that the protective value decreases 
with increased usage and has printed a grid on the gown 
that is to be marked off with each washing. After the 75th 
use, they suggest the gown be removed from service, pre- 
sumably owing to greater strike through. We informally 
queried hospital central supply units and commercial hos- 
pital laundries and found that many were not aware of the 
grid marking system or were using it incorrectly. Contrary 
to the manufacturers’ instructions, they indicated that as 
long as the gowns looked serviceable, they would prob- 
ably be utilized. Without proper education, this may allow 
the widespread use of gowns with reduced protective val- 
ues. Some hospitals still have older, well-used cotton 
gowns that have little waterproofing remaining. We do not 
believe that these gowns offer any resistance to strike 
through and should not be used in the operating room. 
Until the last few years, the surgical gown was used to 
rotect the patient from the surgeon. Recently, there has 
en increased concern over protecting the surgical team 
from contamination by the patients' blood. This has 
reached new heights of concern when doctors refuse to 
operate on patients unless they are tested for HIV anti- 
bodies. The value of knowing the HIV test status of the 
patient has recently been challenged by a report that pa- 
tients with acquired immunodeficiency syndrome may 
lose HIV antibodies and have a negative test.” The exact 
risk of HIV transmission to the surgical team by the pa- 
tients' blood or other body fluids is unclear. There have 
been reports of health care workers seroconverting to pos- 
itive following skin contamination by infected blood.? Ger- 
berding et al^ prospectively studied the risk of health care 
workers getting HIV or HBV infections from HIV-positive 
patients and found that over half of the exposures were 
due to accidental splashes, many onto mucous mem- 
branes or cutaneous wounds. Despite the large amount of 
contamination, they concluded that there was a low risk 
of health care workers acquiring HIV infection from ac- 
cidental exposure. An opposing view was stated by Sta- 
pleton,?6 who noted that the risk of infection following a 
pum skin, or mucous-membrane exposure to 
lood or body fluids from an HIV-positive pom is about 
0.4% (1/250). An additional study? looked at the risks of 
contamination during urologic surgery. Contamination of 
the surgeon was seen in one third of the cases, with seep- 
age of fluids through gowns as a factor in the contami- 
nation of the surgeon's skin. Although skin might be an 
efficient barrier, they were unclear regarding the protec- 
tion afforded by wet skin when exposed to patients' body 
fluids for prolonged periods. They noted that the skin may 
not be entirely free of abrasions or areas of inflammation, 
which may weaken its qualities as a barrier. They stressed 
that attention must be paid to reducing exposure of the 
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surgeons’ skin to patients’ potentially ir 
ids and recommended the use of waterpreof rather than 
.. fluid-resistant gowns. | | r 

Although Beck and cthers*!?2 years ago called for 
gown standards to prevent fluid strike through, very little 
“has been done in this respect by gown manufacturers. 
_ They have standards for a multitude of cther gown at- 
tributes but none for strike through under conditions 
- similar to those seen in the operating room.‘ In 1978, the 
- Association for the Advancement of Medical Instrumen- 
. tation studied the issue. Although they desired a single 
. test with which to evaluate the barrier fabrics, they could 
. not agree on a standard to use.? The Association of Op- 








v -madeo 


-= fortable to wear in the operating room. The Centers for 
Disease Control recommend that surgical gowns be made 
of a fabric shown to be an effective barrier to-bacteria, even 
when wet.?! The American Association of Orthopedic Sur- 

.. geons has likewise realized that there isa high potential 

->> Of health risk to surgeons and has issued a set of recom- 
mendations to prevent the transmission of HIV in the op- 
erating room.* | 

The Centers for Disease Control has issued a set of 

s idelines? aimed at preventing the transmission of HIV 

.:. and HBV to health care workers. They state that heaith 

| « care workers should assume all patients are positive for 

|, these diseases and use universal precautions when treat- 

...ing them. They recommend that a protective gown be 

-". worn whenever there is a potential for blood contact. Stan- 

_. dards for the protection ef workers from blood-borne 

_ pathogens have been proposed by OSHA* and are cur- 

^" rently undergoing public hearings. 

|... Members of the surgical team will continue to be ex- 

^. posed to the blood and body fluids of their patients. A 

-~ recent study by E. J. Quebbeman, MD, PhD, and G. L. 

.. * Telford, MD (unpublished data, 1989-1990) of over 100 sur- 

-. gical procedures has shown that strike through increases 

(,. With greater blood loss and length of the surgical proce- 

-< dure, and that most gown blood exposure is at the cuffs, 

-> lower arms, chest, and abderninal areas. Seventy percent 

< of the gowns had blood cerntamination on the outside. 

.. Strike through to the interior of the gowns was shown to 

-.. occur in 6.7% of those with outside contamination (4.3% 

_ of all gowns studied). 

_... There are over 25.million operative procedures per- 

_ formed in the United States vearly,?* and the number of 

[s patients with HIV antibodies is increasing each year. Even 

if the risk of acquiring HIV by the strike through of con- 
_taminated blood is small, there is a definite hazard to the 
operating team. Gowns sheuld be provided that permit 








garding the wearing of waterproof or water-resistant bar- 
ner protectivegarments by surgeons. The protection of the 
- surgical team would become the responsibility of the em- 
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ectious body flu- | ‘ployer under these guidelines. Th 


-sen by the surgeon should be co 


. thou 











e level of protection cho- 
mmensurate with the po- . 
tential danger. ‘ | 

There are many other factors to consider when choosing. 
the types of surgical gown for a hospital to purchase. Al- 
hh the impetus of this study has been the protection 
of thehealth care worker, we must still protect the patient 





from atrogenic infection. Those gowns with better pro- 
tection for the surgeon from the patients’ blood-borne 
pathogens will likewise provide better protection for the 


patiert from the surgical team's microflora. Disposable 
gowns are not extremely costly ($3 to $7 each) but can 
dpi storage difficulties and potential disposal prob- 


lems efter use. Reusable cloth gowns are more expensive 


initialby ($60) but can be reused at a reasonable cost 
(abou: $1 per use). The ability of cloth gowns to resist strike 
through varies with age and may give a false sense of se- 
curity to the wearer. 

With the exception of IR gowns, currently available 
gowns all allow strike through to some degree. Newer 
types of surgical gowns, including some lined with semi- 
permeable membranes, are currently under development 
and should soon be available in the marketplace. We hope 
that these will allow even less strike through while being 
acceptable to the surgeon and not be prohibitively expen- 
sive. I: must be emphasized that the currently reported 
test precedure is not the only way to lookat strike through. 
There are additional tests being developed to study gown 
materials. Perhaps gowns should be evaluated by a battery 
of tests in conjunction with a standard or set of standards. 
Industry could then test gowns by a controlled method 
and re»ort to us, the users, the information necessary to 
make troughtful decisions. Acknowledging that their cur- 
rent gowns might be giving inadequate protection from 
blood strike through and with the increased emphasis on 
protection of the health care worker, hospitals, surgeons, 
and infection control committees should examine a variety 
of gowns and pick those best suited to their particular in- 
stitutions. 


This protocol was supported in part by a grant from the Kimberly- 
Clark Corp. 

We wish to thank William R. Rank for his invaluable help with the 
research instrumentation, Shelly Lovitt for performing the pressure 
tests, and Patricia Pearce, RN, MPH, and the surgical nursing staff 
and surgeons of Charity Hospital of Louisiana, New Orleans, for their 
insight into the use of surgical gowns. We also wish to acknowledge 
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utilization of cloth gowns. | | 
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lean against the operating table and the patient, creating pres- 
sures that may increase strike through. 
As suggested by the authors, their test is one that any gown 
material should pass before being used in gown construction. 
We would add that once a gown design is selected, all gowns 
should go through a battery of in-use tests before being ac- 
cepted for a specific use in the operating room. In our expe- 
rience, even a gown constructed of impervious materials can 
fail when tested in the operating room during a long and dif- 
ficult procedure. PO 
This study is a significant addition to our knowledge about | 
the function of barriers used in the operating room, but itis | 
only a beginning in making the operating room a safer en- |. 
vironment, : 
Gorpon L. Tetrorp, MD 
Epwarp J. Quesseman, MD, PhD 
Milwaukee, Wis 
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Timing of Invasive Procedures in Therapy for 
Primary and Secondary Spontaneous Pneumothorax 


Ronald Andreas Schoenenberger, MD; Walter Emil Haefeli, MD; Philipp Weiss, MD; Rudolf Fritz Ritz, MD 


€ Timing of invasive procedures during chest tube therapy 
in spontaneous pneumothorax is undefined. Evaluation of 
115 patients with orimary and secondary spontaneous pneu- 
mothorax treated with tube thoracostomy revealed nearly 
maximal healing rates after 48 hours without a relevant in- 
crease if drainage was maintained for upto 10 days. In sec- 
ondary spontaneous pneumothorax, a significantly lower 
healing rate was observed after 48 hours compared with 
primary spentaneous pneumothorax (60%. vs 82%). Ther- 
apeutic success was not predictable by single clinical vari- 


„ables available at admission (eg, age, gender, and smoking 


habits) nor by their combinations. Recurrence rates were 
30% in both primary and secondary spontaneous pneumo- 


= thorax. Hospital stay averaged 6 daysin primary and 15 days 


in secondary A AOIRA eumothorax. Considering their 
efficacy and the low incidence of cemplications, the se 


use of invasive procedures such as surgical pleurectomy, af- 


ter 48 hours of persistent gas leaking, seems justified. Shorter 
in-patient care and lower recurrence rates may result. 
(Arch Surg. 1997 ;126:764-766) 


s T he standard treatmentof symptomatic pneumothorax 

| is the insertion of an intercostal tube and drainage 
through an underwater seal.'? High rates of ipsilateral 
(25% to 70%) and contralateral 10% to 15%) recurrences 
after treatment with bed rest and observation or tube tho- 
- .racostomy are common.** More efficient, although inva- 
> sive, procedures, such as surgical pleurectomy, are well 


us . accepted in patients with a second ipsilateral recurrence 
^... and in cases of a contralateral relapse.” In patients with 


the first episode or the first ipsilateral recurrence, data re- 

garding the time course and overall rate of healing with 

| be therapy are sparse, and, in the case of 

. treatment failure, the timing of a moreinvasive procedure 
remains uncleer. 

At our institution, the standard treatment for the first 


ak under continuous suction therapy and to define the 
ropriate time for more invasive procedures, the charts 
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of all patients admitted for spontaneous pneumothorax 
during a 7-year period were reviewed. 


PATIENTS AND METHODS 
Patients 

The computer-based file of the Division of Medical Intensive 
Care at the University Hospital of Basel (Switzerland) was 
screemed for the 7-year period from January 1982 to December 
1988 for the discharge diagnosis of pneumothorax. A total of 253 
patients were identified. Patients were included in this analysis 
if the following criteria were met: (1) roentgenographic confir- 
maticn of pneumothorax (lung collapse >20%); (2) first event or 
first i»silateral recurrence of primary spontaneous pneumotho- 
rax o” first event of secondary spontaneous pneumothorax due 
to chronic obstructive pulmonary disease; and (3) full adherence 
to "s:andard treatment" (described below). 

Of the total of 253 patients, 45 had a iatrogenic pneumothorax, 
10 hada traumatic pneumothorax, and eight had a pneumothorax 
due to mechanical ventilation; the remaining 190 patients had a 
spontaneous pneumothorax. Forty patients with a second or 
higher-grade recurrence were routinely allocated to undergo 
early surgery or thoracoscopy, and 15 patients with secondary 
e pneumothorax due to reasons other than chronic 
obstructive pulmonary disease were excluded. In 18 patients, 
standard treatment had not been adhered to, and additional mea- 
sures were taken before completion of the full duration of suction. 
In tvro cases in which lung collapse was less than 20%, no chest 
tube had been inserted. For the remaining 115 patients who met 
all inclusion criteria, demographic characteristics, duration of 
hospital stay, and occurrence of relapses within the observation 

eriod of 7 years were recorded. To evaluate the duration of gas 
eak. all nursing protocols were reviewed. 


Standard Treatment of Pneumothorax 
Azter duh cae di Soy confirmation of pneumothorax, a 20F | 


to 2«F 1. chest tube (Argyle, Sherwood Medical, Tullamore, 
Ireland) was inserted into the fifth or sixth intercostal space in 


the nidaxillary line. The tube was attached toa closed two-bottle 
drainage system. After 20 to 30 minutes, gradually increasing 
suction was applied to a maximum of 25 cm H,O. The intercostal 
tube was left in place and under suction for up to 10 days, and 
the presence or absence of air bubbling was recorded regularly 
by trained intensive care nurses. If the gas leak stopped sooner, 
sucion was continued for 24 hours and then the tube was clamped 
for another day. Unless roentgenography or gas egress during a 
short trial of suction demonstrated persistence or recurrence of 
pneumothorax, the tube was removed and the patient discharged 
after a 24-hour observation period. In cases of treatment failure at 
the end of the 10-day suction period, surgical pleurectomy or tho- 
racoscopy with insufflation of talc was performed. 
Statistical Methods 

The data were analyzed with the SYSTAT statistical system for | 

microcomputers.? For comparison of continuous data, the Stu- 
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No. of patients 


Mean « SD age, y 


96 <40 y 
Gender, M/F 


Side of pneumothorax, L/R 


Smokers, % 


33.8+13.9 
81.9 
64/8 
39/33 
77.8 

46.6+ 89.9 


PPT, 
First 
Recurrence 


23 
32.62 11,7 
82.6 
18/5 
10/13 
65.3 
41.9+80.9 


95 
33.52% 13.3 
82.1 
72/13 
49/46 
74.7 
45.6 +87.3 


20 
69.6 x 8.9t 
Ot 
16/44 
7/134 
85.0t 
99.5 * 1203t 


Duration of gas leak, h 


Length of hospital stay, d 
All patients 63x37 


Healed <48 h (n —- 78) 
Not healed <48 h (n ^ 17) 





6.44 3.5 6.3 —- 3.6 15.0-14.3* 
5.0 2.08 


12.0 3.58 


*PPT indicates primary spontaneous pneumothorax; SPT, secondary spontaneous pneumothorax. 


tAII PPT vs SPT, P<.05. 
+All PPT vs SPT, P not significant. 
§Statistical evaluation of length of hospital stay in PPT, P—.021. 


dent t test was applied if the data were Pops un AR normally 
distributed; otherwise a Mann-Whitney U test was performed. ? 
Counts were compared with use of Fisher's Exact Test. Linear and 
multiple logistic regression analyses were performed with the 
appropriate models in the statistical por For binomial data, 
the 95% confidence intervals were obtained from the Geigy Sci- 
entific Tables!! or were calculated where the number of patients 
exceeded 100.1? Two-tailed P<.05 was considered statistically sig- 
nificant. 


RESULTS 

Of the 115 patients managed strictly according to the stan- 
dard treatment, 72 had a first event, 23 had a first recurrence 
of primary spontaneous pneumothorax, and 20 had a first 
episode of secondary spontaneous pneumothorax due to 

onic obstructive pulmonary disease. Patients' character- 
istics are summarized in the Table. As patients with the first 
event or the first recurrence in primary spontaneous pneu- 
mothorax showed no significant difference in age, gender, 
side of pneumothorax, smoking habits, average length of 
hospital stay (Table), and duration of gas leak (Figure), they 
were pooled for further analysis. Patients with secondary 
spontaneous pneumothorax had a significantly higher age, 
mean duration of gas leak, and average length of hospital 
stay than patients with the primary form (Table). 

imple chest tube treatment resulted in closure of leak- 
age in 99 (86%; 95% confidence interval, 80% to 92%) of 
115 patients with pneumothorax. In the remaining 16 pa- 
tients, imvasive interventions had to be performed (sur- 
gical pleurectomy [n = 8] or thoracoscopy with coagulation 
of blebs and/or insufflation of talc [n — 8]). 

The healing rates in primary and secondary spontane- 
ous pneumothorax with tube drainage are shown in the 
Figure. In primary spontaneous pneumothorax, the heal- 
ing rate was 52% (41% to 62%) after 5 hours and reached 
82% (73% to 89%) after 48 hours, with an increase to 89% 
(83% to 95%) until completion of standard treatment after 
240 hours. In secondary spontaneous pneumothorax, the 
corresponding rates were 25% (9% to 49%), 60% (36% to 
81%), and 70% (46% to 88%), respectively, and were sig- 
nificantly (P<.05) lower than in the primary form. If gas 
egress persisted for more than 48 hours, continuing suc- 
tion for up to 10 days resulted in only a minor, nonsig- 
nificant increase in the number of healed patients in both 


Arch Surg—Vol 126, June 1991 


Healing Rate, % 





0 24 48 72 96 120 144 168 192 215 240 


Hours of Drainage 


Time course of healing in primary and secondary pneumotharax with 
chest tube drainage. Statistical evaluation of healing rates revealed 
no significant difference between the first event and the first relapse 
of primary spontaneous pneumothorax at any time. Squares ndicate 
first event of primary spontaneous pneumothorax; X's, first relapse 
of primary spontaneous pneumothorax; diamonds, first event of 
secondary spontaneous pneumothorax; and asterisk, P<.05 be- 
tween secondary and all primary spontaneous pneumotheraces. 


groups. Multiple logistic regression analysis with simple 
clinical variables available at admission (age, gender, side 
of pneumothorax, smoking habits, or their combinations) 
failed to predict patients in whom chest tube therapy 
would succeed or fail. 

The interval from the first admission until the second 
relapse or until the end of the 7-year observation period 
for all 99 patients successfully treated with insertion of a 
chest tube alone was 35.5+21.8 months (mean+SD) 
(range, 2 to 77 months). Evaluation of recurrence during 
this period revealed rates of 34% after a mean of 7+7 
months in patients with the first event and of 3076 after 
11+10 months in those with the first ipsilateral recurrence 
of primary spontaneous pneumothorax. In patients with 
secondary spontaneous pneumothorax, the recurrence 
rate was 30% after 10-10 months. 


COMMENT 
The objectives of treating spontaneous pneumothorax 
are relief of symptoms by rapidly reexpanding the affected 
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tube is usually the first therapeutic step.!? in 


a contralateral or with higher-grade ipsilateral recurrences 


where chances of a future relapse increase with the number 
si EPEE EE enh app roach that is more invasive than 
_ tube thoracostomy i 














-t | be is generally recom- 
mended,?7* although recurrence rates are still high. The rate 
. of 30% observed in our survey is comparable with figures 
. seen in other series.*°" The time to use more invasive pro- 
cedures in these cases if gas leakage persists with simple 
. chest tube treatmentremains a difficult clinical decision. The 
_.. earlier surgical pleurectomy, for example, isaised, the more 
(ss. patients whose pneumothorax Would definitely heal with 
tube thoracostomy alone will be submitted to a superfluous 
intervention. In contrast, the later an invasive approach is 
chosen, the longer a certain number of patients with only 
little chance of definite healing will be subjected to long and 
costly chest tube therapy. Knowledge of the time course of 
gas leak and healing rates with simple suction therapy is 
necessary for the decision when to intervene invasively. p 

to now, such data in a representative series ef patients wit 

spontaneous pneumothorax are sparse. 

The patients studied in this survey (Table) shared the 
typical features of patients in other series, 5 with the ex- 
uen of the previously reported predominance of right- 
sided pneumothorax.‘ The observation of an almost max- 

imal success after as early as 48 hours (Figure) strongly 
- opposes prolonged suction therapy in both primary and 
^. secondary spontaneous pneumothorax. In particular, in 
- . secondary spontaneous pneumothorax with considerably 
- lower healing rates than in the primary form at any point 
* 0. Of the observation time, a persisting gas leak should be 
. . managed invasively after 48 hours at the latest. As simple 
- .. Clinical variables available at admission were not sufficient 
5 to identify those few patients deriving benefit from con- 
.. .tinuing suction therapy for more than 48 hours, the length 
of persisting gas egress remains the decisive criterion for 
... timing of invasive interventions. Furthermore, the obser- 
< vation of remarkably high recurrence rates in this series 
for both primary ard secondary spontaneous pneumo- 
thorax after simple tube thoracostomy should encourage 
use of an earlier aggressive approach. Relapse rates may 
have even been underestimated, as our institution is not 
the only referral hospital for pneumothorax. The length of 
hospital stay in our patients with primary spontaneous 
-pneumothorax and cessation of gas leak within 48 hours 
are comparable with previously published figures.?5 Ex- 
tended suction therapy results in prolonged hospital stay. 












|... The most important message from this report is an early 

aggressive approach in cases of spontaneous pneumothorax; 
jeak persisting for more than 48 hours is:unlikely to re- 
nd to prolonged suction therapy and these patients should 





; Spo 









| therefore be subjected to early surgical intervention. An even 
| more aggressive approach has been recommended by other 


| authors for major air leak 


| ors 1 r leaks following traumatic pneumotho- 


io xperience cf my colleagues and I that 
| these leaks are almosi Pn eae nore of 24 patients 
with severe air leaks lasting for more than 3days required 
| operation.” Air leaks due to spontaneous pneumothorax most 
. probably are more resistant to conservative management than 
"are the traumatic ones. However, I would be hesitant to op- 
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lung and prevention of 'ecurrences. Insertion of a chest 
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. The average duration of hospitalization observed in our 


survey in patients with a persisting gas leak after 48 hours 
(Tabl2) is ioni longer than figures published for invasive 
procedures such as various forms of surgical pleurectomy*.? 
or thoracoscopy with instillation of talc.14!5 Beside this pro- 
longed hospital stay by extended duration of chest tube ther- 
apy. possible additional hospitalizations due to relapses pro- 
vide a further argument for an earlier invasive IPE Oah in 
case of persisting gas leak. In conclusion, we propose an 
early nvasive treatment even in patients with a frst episode 
or a first recurrence of primary spontaneous pneumothorax 
and in patients with the secondary spontaneous form due 
to chronic obstructive pulmonary disease if the gas leak per- 
sists sor more than 48 hours with simple chest tube treat- 
ment Shorter in-patient care and shorter time off from work 
as well as lower relapse rates may result. 
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Liver V 


^e Lack ofa reproducible model to quantitatively assess he- 
patocellular injury following ischemia has made it difficult 
to assess new strategies for minimizing hepatic injury. We 
studied the progression of hepatocellular injury after is- 
chemia and ischemia with reperfusion in rats. Irreversible 
injury was quantitated using a triphenyltetrazolium chloride 
assay that was shown to correlate with ultrastructural 
changes. Acenosine triphosphate decreased to 36% of basal 
values after 30 minutes, but returned to normal with reper- 
fusion with no decrease in viability. In contrast, viability fell 
by 30% after 60 minutes of ischemia, and by 64% when 60 
minutes of ischemia was followed by repertusion. We con- 
clude that reperfusion of ischemic liver increases the degree 
ofi irreversible. e damage. The model employed here seems to 
i useful for studying ischemic and reperfusion injury in the 
(over 
Met ‘Surg. 1991 ;126:767-772) 


tal i in terri gin of hepatic blood flow is sometimes 
« necessary repair of liver injury or during ex- 
tensive resection for tumors,!? but it is well established 
that the liver is quite sensitive to ischemia, and morbidity 
and mortality increase rapidly with lengthening of the is- 
chemic interval. Interruption of blood flow to an organ 
can result in cellular injury from ischemia itself, but in 
some tissues an additional component of injury ibe 
. from events occurring during reperfusion.‘ This "reper- 
fusion injury” has been well documented in the kic ney 
< and myocardium? and has been attributed to increased 
"generation of oxygen free radicals during the reperfusion 
. phase. In other tissues, such as skeletal muscle. tissue 
. damage is produced only during the ischemic phase, with 
E ' of reperfusion injury. 
tigators have suggested that reperfusion in- 
es to liver injury after temporary interrup- 
flow.?? However, the reperfusion injury re- 
ese earlier studies may have actually resulted 
ure to reestablish normal blood flow after oc- 
nsequently, what appeared to be a reperfusion 
have represented an additional component of 
ury unrelated to generation of oxygen fi free rad- 
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icals.1212 This "no-reflow" phenomenon has been de- 


scribed in myocardium and has been attributed to plug- — 


ging of the microvasculature by neutrophils. 55 

e importance of maximizing hepatic survival and 
function after ischemia is obvious, but to date there has - 
been no systematic attempt to define the relative impor- — 


tance of ischemia and reperfusion in mediating irrevers- 


ible hepatocyte injury. The extent to which metabolic 
events, abnormal reflow, and generation of oxygen free 
radicals contribute to ischemic liver injury remairs un- 
known. Furthermore, although the biochemical sequence 


of ischemia, cellular impairment, and death has been well = 


established, it is not clear at what point hepatocyte injury 
becomes irreversible.!6 As a result, therapeutic interven- — 


tions that might minimize hepatic injury or extend the per- > 
missible duration of the ischemic interval have not been —- 


fully explored.” | 
The purpose of this study was to define a reproducible a 
model for quantitating the extent of irreversible cellular . 


injury after ischemia and reperfusion of liver and to assess — 


their relative contributions to cell death. 


MATERIALS AND METHODS 

Experimental Design : 

Animal studies were reviewed and approved by the Institu- |. 
tional Animal Care and Use Committee at Boston (Mass) Uni- 
versity Medical School. Seventy-six male Sprague-Dawley rats 


weighing approximately 300 g (Taconic Farms, Germantown, 


NY) were fasted overnight but allowed water ad libitum. An °. 
esthesia was attained by intraperitoneal injection of thicpental 
sodium and chloral hydrate (25 and 125 mg/kg, respective y). An 
inverted-U laparotomy incision was used to ex 
a basal biopsy specimen was obtained from the edge of che left ^ 
lobe of the liver (Fig 1). Hemostasis was obtained ‘a 

gation over a small pledget of absorbable gelatin sponge. Vessels 


supplying 


cleotides and the ability to reduce triphenyltetrazolium. chlorid: 
(TTC) as described below. In some experiments, the ischemic > ~~ 
interval was followed by a 2-hour period of reperfusion tkatwas 
effected by removal of the Roummel-type device. X 

Animals were kept normothermic throughout the experiment <- 





by means of a heating pad and frequentirrigation of the zbdom- = 


inal cavity with warm (37°C) physiologic saline: Rectal temper- 
ature was monitored continuously. At the conclusion of the ex- = 
periment, the rats were killed by means of anesthetic overdose. oo 
Assessment of Perfusion E 

The degree of ischemia and adequacy of reperfusion were as- © — 


sessed with a perfusion fluorometer (Diversatronics, Broemhall, | : 
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ose the liver, and ~~ 
suture le © 


the left and median lobes. were encircled with a => 
Roummel-type device fashioned of 6-0 chromic catgut (Ethicon, ES 
Somerville, NJ) and plastic tubing to produce complete ischemia. ^ 
After a specified time interval, the right lobe (sham) and leftlobe ^ 
(ischemic) were subjected to biopsy and assayed for aden:ne nu- i 
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IV Fluorescein Injected via lliolumbar Vein 





Fig 1.—Flow to the left and median lobes of the liver has been occluded, while allowing continued perfusion of the right and caudate lobes 
(see inset). Liver perfusion was assessed in all lobes by fluorometry before ard after intravenous (IV) injection of fluorescein. 


Pa) as described by Silvermanetal.!5 For each determination, liver 
fluorescence was measured before and after intravenous injec- 
tion of fluorescein (1.5 mg/kg; Akorn, Abita Springs, La) given 
via the right iliolumbar vein. 


Quantitation of the Extent of Irreversible Injury 

The degree of irreversible cellular injury was assessed by a 
modification of the techniquedescribed by Belkin et al.5 A portion 
of each liver biopsy specimen was placed on ice, weighed, and 
homogenized in 0.25-mol/L sucrose (1:10 by weight). A 1-mL al- 
iquot of the homogenate was then incubated in triplicate in a 1% 
solution of TTC (Sigma Chemical Co, St Louis, Mo) (1:1) for 20 
minutes in a shaking water bath at 37°C. The homogenate was 
then extracted with acetone and centrifuged at 2000 rpm for 15 
minutes, and the optical density of the supernatant was read at 
485 nm. The protein content of each homogenate was determined 
by the method of et al,!? and results were expressed as 
milligrams of TTC reduced per milligram of tissue protein per 20 
minutes. 


Relationship Between Cell Viability 
and Ability to Reduce TTC 

The relationship between the ability to reduce TTC and hepatic 
cell viability was demonstrated in a separate set of experiments 
using isolated liver cell suspensions prepared by a modification 
of the method of Seglen.* Hepatocyte cell suspensions were 
obtained by perfus:ng the liver in situ with oxygen-saturated 
Ca**-free buffer for 5 minutes. During this time, the liver was 
ently dissected free of its attachments and transferred to a metal 
el, where it was perfused for 10 minutes with oxygenated 
collagenase buffer ‘Sigma Chemical Co). Perfusion was then 
switched to the final suspension buffer for 3 minutes to wash out 
the collagenase buffer. The liver was placed into a beaker con- 
taining suspension buffer, and the free hepatocytes were ob- 
tained by gently stroking and shaking with a wooden spatula 
until only the white vasculature remained. This suspension was 
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then fi tered through a 250-um nylon mesh filter to obtain a crude 
suspersion. Further purification was achieved through incuba- 
tion at 37°C, cooling down to 5°C, and filtering through nylon 
mesh filters of progressively smaller sizes (250 and 100 um). The 
final suspension was then obtained by centrifugation and resus- 
pension, followed by filtration through a 61-jum nylon mesh fil- 
ter. The viability of hepatocytes in suspension was established 
on the basis of trypan blue exclusion. Viability in the final sus- 
pension was routinely in the range of 80% to 90%, and viability 
was well maintained (78045) for at least 3 hours, when the sus- 
pension was gently agitated and aerated with 95% oxygen/5% 
carbon dioxide. To establish the relationship between hepatocyte 
viability and TTC reduction, hepatocyte suspensions were equil- 
ibratec for 1 hour with aeration in 95% oxygen/5% carbon dioxide 
(resultmg in Po, >350 mm Hg) and then aerated with 95% 
nitrogen/5% carbon dioxide to produce hypoxia (Po, «60 mm 
Hg). Aliquots were obtained at 15- to 30-minute intervals for si- 
multaneous determination of cell viability and TTC reduction. 


Measurement of Adenine Nucleotides 

A partion of each liver biopsy specimen was immediately fro- 
zen in liquid nitrogen and stored for no longer than 24 hours. 
Adenine nucleotides were measured as described by Dills and 
Klassen?! and Miyamoto and French.? Briefly, frozen tissue was 
pulverzzed with frozen 6% perchloric acid to yield a 1:10 mixture 
by weight. The frozen mixture was homogenized and centrifuged 
at 20 000g at 4°C for 10 minutes. The pH of the supernatant was 
adjusted to 5, and the sample was filtered through a nylon filter 
(66 mesh). Adenine nucleotides were then quantitated by high- 
performance liquid chromatography as described by Miyamoto 
and French.? The protein content of the homogenate was mea- 
surec, and results were expressed as nanomoles per milligram 
of tissue protein. 
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Fig 2.—Changes in hepatocyte viability, as documented by trypan 
blue exclusion, correlated well with decreased ability to reduce 
triphenyltetrazolium chloride (TTC) in an isolated liver cell suspen- 
sion. 


Histologic Examination 
In a separate set of experiments, animals from each experi- 
mental gr underwent in situ perfusion fixation with 37% 
formaldehyde and 25% glutaraldehyde buffered with 0.2-mol/L 
cacodylate infused via the portal vein as described elsewhere.” 
Biopsy specimens from both sham and ischemic lobes were then 
processed for light and electron microscopy. 


Statistical Analysis 
Results for experimental groups are expressed as mean SEM. 
Differences among groups were tested for statistical significance 
by analysis of variance. 


RESULTS 
Relationship Between Cell Viability 
and Ability to Reduce TTC 

Viability of hepatocytes in cell suspension was well 
maintained when the suspension was aerated with 95% 
oxygen/5% carbon dioxide, but aeration with 95% 
nitrogen/5*e carbon dioxide resulted in a progressive de- 
cline in cell viability and a progressive decrease in the abil- 
ity of hepatocytes to reduce TTC. Hepatocyte viability and 
TTC reduction correlated significantly and was best de- 
scribed as a logarithmic relationship, as illustrated in the 
representative study shown in Fig 2, with r=.95 and 
P= .003. The excellent correlation between TTC reduction 
and viability confirms the usefulness of the TTC assay to 
estimate hepatocyte viability. 


Assessment of Perfusion 

There was no measurable difference in fluorescence be- 
tween ischemic and sham lobes before the infusion of flu- 
orescein, as assessed by perfusion fluorometry. After in- 
travenous bolus of fluorescein, the rise in fluorescence in 
the nonischemic (sham) lobes was 10-fold higher than that 
in the ischemic lobes; values in the ischemic lobes were, 
in fact, only slightly greater than background values. After 
reperfusion, the rise in fluorescence in the ischemic lobes 
uniformly returned to levels that were at least 85% of levels 
obtained in the sham lobe; in several instances reperfusion 
resulted in fluorescence increases that were greater than 
those seen in the corresponding sham lobe. In three in- 
stances, failure to provide secure evidence of significant 
ischemia or reperfusion resulted in the exclusion of ani- 
mals from the study. 


Effect of Ischemic Interval on Adenine Nucleotides 
Figure 3 shows changes observed in tissue adenosine 
triphosphate (ATP) levels after varying ischemic intervals. 
Ischemia produced a rapid and progressive decline in ATP 
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content that was highly significant as early as 30 minutes 
after interruption of blood flow. When the ischemic in- 
terval was limited to 30 minutes, reperfusion resulted in 
substantial recovery, as shown by ATP levels that did not 
differ from basal values. In contrast, animals reperfused 
after 60 minutes of ischemia showed some evidence of 
renewed generation of ATP, but it remained significantly 
impaired, with values that were less than 35% of basal 
levels (P<.05). The ATP content in the sham lobes did not 
differ significantly from basal levels. 


Effect of Ischemic Interval on the 
Extent of Irreversible Injury 

Figure 4 illustrates the decline in liver viability after pe- 
riods of ischemia ranging from 30 minutes to 3 hours. A 
30-minute period of ischemia did not measurably impair 
liver viability, but 60 minutes of ischemia resulted in sig- 
nificant irreversible injury that became even greater after 
longer periods of ischemia. The effect of ischemia followed 
by reperfusion is shown by the broken line in Fig 4. When 
a 30-minute period of ischemia was followed by 2 hours 
of reperfusion, there was, again, no evidence of irrevers- 
ible injury, but after 60 minutes of ischemia, reperfusion 
produced a profound decrease in liver viability to levels 
less than those observed after 2 or 3 hours of ischemia 
alone (P<.05). Viability in the sham lobes was not im- 
paired (data not shown). 


Morphologic Evidence of Cellular Injury 

Light microscopy failed to reveal any evidence of cellular 
injury after 30 or 60 minutes of ischemia alone, but after 
120 minutes of ischemia, there were changes suggestive 
of tissue swelling, and areas of infarction were evident 
after 180 minutes of ischemia. Light microscopic findings 
appeared normal when 30 minutes of ischemia was fol- 
lowed by reperfusion, but reperfusion after 60 minutes of 
ischemia resulted in scattered areas of hemorrhage and 
infarction. 

Evidence of cellular injury seen with electron micros- 
copy correlated closely with the changes in TTC. Figure 
Sis an electron micrograph showing normal rat liver. After 
30 minutes of ischemia (Fig 6), the only evidence of injury 
was an increase in heterochromatin within the nucleus. 
After 60 minutes of ischemia, there was clear evidence of 
cellular injury (Fig 7) with loss of microvilli in the space 
of Disse, loss of ribosomes from the endoplasmic reticu- 
lum, and poor visualization of cristae in the mitochondria. 
After 180 minutes of ischemia (Fig 8), there was severe 
damage, including peripheral chromatin clumping, loss of 
definition of the nuclear membrane, marked mitochon- 
drial swelling with flocculent densities and obliteration of 
cristae, and fragmentation of the endoplasmic reticulum, 
as well as extensive perisinusoidal disintegration. 

Electron micrographs from livers rendered ischernic for 
1 hour and then allowed to reperfuse were dichotomous, 
with some cells showing evidence of recovery and others 
with obvious changes of necrosis (Fig 9). 


COMMENT 

This study demonstrates in a rat model that interruption 
of blood flow to the liver results in a reproducible sequence 
of biochemical and morphologic changes that ultimately 
result in irreversible cellular injury. An important feature 
of these studies is that they made possible the distinction 
between reversible and irreversible injury. Interruption of 
blood flow resulted in a rapid decline in tissue ATP levels 
that was completely reversible if the ischemic interval was 
relatively brief (30 minutes). Reperfusion after this brief 
period of ischemia led to a return to normal tissue levels 
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Fig 3.— Changes in tissue levels of adenosine triphosphate (ATP) 
after varying intervals of ischemia (solid line) or ischemia followed 
by reperfusion (broken line). Asterisk indicates P<.05. 
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Fig 5.—Electron micrograph of normal rat liver. Chromatin in the 
nucleus (N) appears normal. Mitochondria (M) are elliptical, with 
well-visualized cristae. The endoplasmic reticulum (ER) is intact, and 
there are numerous microvilli in the space of Disse (DS). The cy- 
toplasm contains numerous glycogen granules (Gy), and a Golgi 
apparatus (Go) is visualized ( x 8600). 
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dee p - vu, 
Fig 7.—Electron micrograph of normal rat liver after 60 minutes of 
ischemia. There is increased heterochromatin in the nucleus. Mi- 
tochondria (M) are swollen, and there is poor visualization of cristae. 
There is complete loss of microvilli from the space of Disse (DS). ER 
indicates endoplasmic reticulum ( x 12 800). 
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Fig 4. — Decreases in liver viability after ischemia alone (solid line) 
and after ischemia followed by reperfusion (broken line). With is- 
chemia alone, the ability to reduce triphenyltetrazolium chloride 
(TTC) fell progressively after 60 minutes. Reperfusion after 30 min- 
utes-of ischemia resulted in normal TTC values, but reperfusion after 
60 minutes of ischemia resulted in a profound decline, which was 
even greater than that seen after 2 or 3 hours of ischemia alone 
(P<.05). Asterisk indicates P<.05. 
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Fig 6.— Electron micrograph of rat liver after 30 minutes of ischemia. 
The only indication of injury is a mild increase in heterochromatin 
in the nucleus. Microvilli in the space of Disse are well preserved, 
and mitochondria have well-visualized cristae ( x 8600). 





Fig 8.— Electron micrograph of rat liver after 3 hours of ischemia. The 
mitochondria are swollen and show vacuolar changes and osmio- 
philic flocculent densities (fd), with no visualization of cristae. The 
endoplasmic reticulum is totally fragmented. Extensive perisinuso- 
idal disintegration is seen (x 35 000). 
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Fig 9.— Electron micrograph of normal rat liver after 60 minutes of 
ischemia followed by 2 hours of reperfusion. Changes are heter- 
ogeneous. There are cells that show signs of recovery, such as vi- 
sualization of cristae in the mitochondria and reappearance of mi- 
crovilli in the space of Disse, but other cells show evidence of ex- 
tensive damage (X 8600). 


of ATP, normal morphologic findings on both light and 
electron microscopy, and no evidence of cell death by his- 
tochemical staining with TTC. However, ischemia for 60 
minutes produced measurable irreversible injury (as doc- 
umented by histologic changes and decreased ability to 
reduce TTC), and the extent of injury became greater as 
the ischemic interval was lengthened. Moreover, reper- 
fusion after 60 minutes of ischemia significantly exacer- 
bated the extent of irreversible cell injury and provided 
evidence of a significant reperfusion injury. 

In a study of ultrastructural changes after ischemia in rat 
liver, Bassi and Bernelli-Zazzera™ and Bernelli-Zazzera 
and Gaja? found that morphologic changes were poten- 
tially reversible after as much as 60 minutes of ischemia, 
although “patchy areas of necrosis” were sometimes 
noted after 60 minutes; significant evidence of irreversible 
es in noted after 2 hours of ischemia. These authors 
concluded that irreversible injury was the result of a pro- 
gressive deterioration of various intracellular structures, 
with cell death occurring as the final outcome when de- 
fects in subcellular organization had passed the stage of 
compensatory repair. This early study made no mention 
of the effect of reperfusion. 

Our findings are consistent with these previous obser- 
vations but also extend them by correlating biochemical 
anc morphologic markers of cellular injury and providing 
secure evidence of hepatic reperfusion injury. The pro- 
found and progressive decline in ATP levels during is- 
chemia was similar to that reported by others.” This sharp 
drop in ATP levels, together with our fluorometric data, 
provides evidence that blood flow had been substantially 
interrupted. Furthermore, when changes in ATP levels 
were examined in conjunction with changes in TTC and 
morphologic features, it was possible to identify a signif- 
icant metabolic injury that was completely reversible 
when the ischemic interval was limited to 30 minutes. Tet- 
razolium salts have been widely used by pathologists as 
a marker of infarction and have been employed to identify 
and quantitate cell death in myocardium and skeletal mus- 
cle.5777* Our assay, a modification of the assay described 
by Belkin et al,? can be used to determine uantitatively 
` the extent of irreversible damage Sushie by the liver 
after an ischemic insult. There was good correlation be- 
tween ultrastructural changes observed and changes in 
the ability of liver samples to reduce TTC, but the TTC 
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assay employed here offers the advantage of allowing 
quantitation of the degree of irreversible injury in a way 
that is simple, objective, and reproducible. The potential 
importance of this is that it provides an unbiased way of 
quantitatively determining the benefit and most appro- 
priate timing for therapeutic maneuvers aimed at mini- 
mizing irreversible injury after ischemia and reperfusion. 
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sidans. This award is intended to develop academic leaders in primary care specialties 
emphasizing cancer control. Through the CCCDA, the Society seeks to support in- 
dividuals in supervised programs that will develop each caadidate's clinical and teach- 
ing expertise and his or her capacity to perform independent clinical research in cancer 
control. It is anticipated that physicians trained under these awards willimprove cancer 
control through involvement in primary care practice, education, and research activities 


Candidates for first-year CCCDAs may not have an academic rank above that of 
Assistant Professor and must nof be tenured or be a Section Head (or equivalent). These 
awards are intended to support the early development of academic careers that place 
emphasis on-cancer control; candidates with well-established careers and substantial 


| This is a 2-year award. The stipend for the award is $25 000 for the first year and 
$30 000 for the second. The application deadline is August 15, 1991, for awards to begin 


Fer brochures, applications, or further information, please contact Virginia Krawiec, 
Department, American Cancer Society, Inc, 1599 Clifton Rd NE, 
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Effect of | 


Article 


Bile on Growth, Peritoneal Absorption, 


: and Blood Clearance of Escherichia coli 
so . in E coli Peritonitis 


Roland Andersson, MD, PhD; Claes Schalén, MD, PhD; Karl-Góran Tranberg, MD, PhD 


€ The effect of intraperitoneal bile on growth, peritoneal 

absorption, and clearance of Escherichia coli was deter- 

mined in E coli peritonitis in the rat. In £ coli peritonitis, 

intraperitoneal bacterial counts gradually decreased, 

whereas they increased (after 2 hours) with subsequent de- 

velopment of bacteremia in £ coli plus bile peritonitis. After 

an intraperitoneal injection of labeled bacteria, blood ra- 

dioactivity was only initially lower in E coli plus bile peri- 

tonitis compared with E coli peritonitis. Clearance from 

7. blood was lower in E coli plus bile peritonitis than in E coli 

4. peritonitis. Organ localization was similar in £ coli perito- 

- fitis and £ coli plus bile peritonitis with decreased splenic, 

- increased pulmonary, and unchanged hepatic uptakes com- 

-. pared with controls. Impaired peritoneal absorption of bac- 

. teria, together with impaired local host defense, is likely to 
enhance the noxious effect of bile in E coli peritonitis. 





mortality in Escherichia celi peritonitis; (2) bile in the ab- 
7S. domen leads to higher bacterial counts within the peri- 
jj  toneal cavity, and subsequently in blood, in E coli peri- 





.. .tonitis; (3) IP bile impairs the phagocytic activity of 
" peritoneal phagocytes; and (4) the increase in peritoneal 
X — fluid volume does not appear to play a major role in the 
- ^. increased mortality after the addition of bile in E coli peri- 
-to n light of the detergent and cytotoxic actions of 
iso conceivable that bile may induce changes in 
otion of bacteria from the peritoneal cavity to 
he air ur study was to analyze the influence of bile 
eritoneal absorption and blood clearance of bacteria 
peritonitis in the rat. 
-MATERIALS AND METHODS 
prague-Dawley rats (Anticimex, Stockholm, Sweden), 
, 300 to 330 g, were used in all experiments. The animals 

























for publication October 13, 1990. 
Departments of Surgery (Drs Andersson and Tranberg) 
licrobiology (Dr Schalén), Lund (Sweden) University. 
quests to the Department of Surgery, Lund University, 
id, Sweden (Dr Andersson). 









the patient under ether anesthesia. Peritoneal injec 


were fed standard rat pellets (R3, Astra-Ewos, Södertälje, Swe- 
den) and were allowed water ad libitum. 


Experimental Design 

The effect of IP bile on growth, clearance, and organ distri- 
bution of E coli was studied in a septic model based on the IP 
injection of E coli.?* In the first set of experiments, we stud:ed the 
effect of bile on bacterial growth in the peritoneal cavity and in | 
blood. In a second set of experiments, radiolabeled bacteria were 
injected IP to study the absorption of bacteria into blood end the 
subsequent uptake in liver, lungs, and spleen. Ina third set of 
experiments, labeled bacteria were injected IV to define clearance 
and organ uptake from blood, In each group, six rats were studied 
at each interval. 


Bacterial Strain and Growth Conditions 


We used a human isolate of E coli, obtained from an abdominal -` 


abscess (serotype O46:K1:H31). This strain lacks hemolysin ac- 
tivity and shows hemoagglutination with raterytrocytes tat 37?C, 
but not at 20°C). Stock cultures were maintained at —70?C in 
Todd-Hewitt broth. Overnight subcultures in Todd-Hewittbroth 
were stored in aliquots at — 70°C for a maximum of 4 weeks and 
were thawed immediately before injection. Viability was verified 
by plating out the thawed E coli organisms. NE I E 

Cluantiradve cultures of blood and peritoneal contents were 
performed aerobically and anaerobically on horse bleod agar 
plates incubated at 37°C for 1 to 3 days. Bacterial inocula for IP 
injection were prepared to contain 3x10 eolony-form:ng units 
(CFU) per milliliter of Todd-Hewitt broth; in addition, inocula 
with lower bacterial counts (3 x 10° and 3x 10° CFU/niL) were 
used in the experiments designed to monitor bacteria’ growth. 
Pooled sterile gallbladder bile was obtained from patients un- — 
dergoing elective cholecystectomy and wasstored at — 70°C until | 
used. The bacterial inoculum and bile or sterile saline were in- 
jected in a volume of 1 mL each. | E 

All injections and sampling P edures were performed with ©. 
administered into the lower right portion: of the abdamen with — 
use of a fine needle. Intravenous injections were performed via 
a hind limb vein. : mM 

For estimation of clearance of labeled bacteria, blocd was ob- 
tained through a cannula (outer diameter, 0.75 mm; Fortex Ltd, 
Kent, United Kingdom) inserted into a femoral artery Blood for — 
bacterial culture was obtained by cardiac puncture. Peritoneal — 
contents for bacterial culture were collected after IP injection. 
(through a small midline laparotomy wound) of 10 mL of sterile. 
RPMI 1640 medium (Sigma, St Louis, Mo) with heparin (10 IU/ -~ 
mL), followed by gentle agitation for 3 minutes. Peritoneal fluid — 
was thoroughly sucked out with a Pasteur pipette. St 5 
struments were used, and injection or sampling sites were 
shaved and prepared with a povidone-iodine solution. 5 
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Fig 1.— Bacterial counts (in colony-forming units [CFU]) in the peri- 
toneal cavity and in blood in peritonitis induced by Escherichia coli 
(solid line) orE coli plus bile (broken line). Vertical bars indicate SEM. 


Bacterial Growth 

Peritoneal fluid and blood were collected for determination of 
bacterial counts at 0.5, 1, 2, 4, and 10 hours after induction of 
pone by IP injection of 3 x 108 CFU of E coli with or without 
ile. Data obtained during this part of the study have been used 
for presentation in another previously published report.* In an- 
other series of experiments, 3 x 105 and 3 x 10* CFU of E coli were 
injected IP with or without bile. Peritoneal fluid and blood were 

obtained at 1, 4, and 10 hours after induction of peritonitis. 


Radiolabeling of F coli 

The E coli strain used was incubated overnight in Todd-Hewitt 
broth at 37°C. The cells were heat-killed (at 80°C for 30 minutes), 
washed three times in phosphate-buffered saline (Sigma), and 
i t dra in phosphate- red saline. Bacteria were labeled 
with iodine I 125 according to the method of McConahey and 
Dixon? with chloramine-T as an oxidizing agent. The labeled bac- 
teria were centrifuged (1700 rpm, 10 minutes) and then washed 
three times with phosphate-buffered saline. The washed bacte- 
rial suspension was frozen at — 20°C and thawed immediately 
before use. The radioactivity of the suspension was about 
2.2 x 106 cpm/mL. 


Peritoneal Absorption, Blood Clearance, 
and Organ Uptake 

Clearance and organ localization of E coli were studied by ad- 
ministration of 200 uL of the labeled suspension following the IP 
injection of (1) saline plus saline, (2) bile plus saline, (3) viable 
E coli plus saline, or (4) viable E coli plus bile. The labeled bacteria 
were injected IP (“peritoneal absorption study”) at 1 or 4 hours 
or IV (“IV clearance study”) at 5 hours, following the IP injection 
of the unlabeled materials. 

In the peritoneal absorption study, blood samples (500 uL) 
were obtained at 10, 30, 60, 120, and 240 minutes after injection 
of the labeled suspension. In the IV clearance study, blood sam- 
ples were obtained at 2, 8, and 15 minutes after injection of ra- 
diolabeled bacteria. 

After the final blood sample was obtained, liver, spleen, and 
lungs wereimmediately removed and weighed. Samples of blood 
and organs were weighed and counted in a gamma counter (1272 
Clinigamma, LKB-Pharmacia, Stockholm, Sweden). Organ up- 
take of bacteria was calculated as counts per minute per total 
organ weight and per gram of tissue. Because these calculations 
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Fig 2.— Blood radioactivity when intraperitoneal injection of labeled 
bacteria was performed 1 hour after the intraperitoneal injection of 
unlabeled materials (saline [open circles with solid line], bile [solid 
squares with solid line], Escherichia coli [open circles with broken 
line], and E coli plus bile [solid diamonds with broken line]). Vertical 
bars indicate SEM. For the comparison with saline (control), single 
star indicates P<.05; triple star, P<.007. 
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Fig 3.— Blood radioactivity when intraperitoneal injection of labeled 
bacteria was performed 4 hours after the intraperitoneal injection of 
unlabeled materials (see legend to Fig 2 for explanation of symbols 
and these materials). Forthe comparison with saline (control), single 
star indicates P<.05; double star, P<.07. 


yielded similar results, organ uptake will be given only as uptake 
per total organ. 

After IV injection of labeled bacteria, clearance from blood was 
estimated as the elimination rate constant (k in percent per 
minute) calculated from log-transformed blood values on t with 
the method of least squares. 


Statistical Methods 


Student's f test was used to compare viable counts and radio- 
activity. Two-way analysis of variance (ANOVA) was used to 
compare blood radioactivity curves in the peritoneal absorption 
study. 


RESULTS 
Bacterial Growth 

During the initial 2 hours after administration, the re- 
duction in the number of viable bacteria was similar in 
E coli peritonitis and E coli plus bile peritonitis. In peri- 
tonitis induced by E coli alone (3 x 108 CFU), the bacterial 
counts decreased further to about 10? CFU/mL in the peri- 
toneal washout fluid at 10 hours. In blood, low numbers 
of bacteria were demonstrated at 0.5 and 1 hours, whereas 
subsequent blood cultures were negative (Fig 1). 

In E.coli plus bile peritonitis, the peritoneal fluid con- 
tained gradually increasing levels of E coli after 2 hours, 
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Fig 4.— Organ localization at 4 hours after intraperitoneal injection 
of labeled bacteria and 5 hours after intraperitoneal injection of un- 
labeled materials (saline [open bars], bile [hatched bars], Escherichia 
coli [cross-hatched bars], and E coli plus bile [solid bars]). Vertical 
bars indicate SEM. For the comparison with saline (control), single 
star indicates P<.05; double star, P<.01; and triple star, ?—.001. 
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Fig 5.— Organ localization 4 hours after intraperitoneal injection of 
labeled bacteria and 8 hours after intraperitoneal injection of un- 
labeled materials (see legend to Fig 4 for explanation of symbols and 
these materials). Vertical bars indicate SEM. For the comparison with 
saline (control) and between Escherichia coli and E coli plus bile 
peritonitis, single star indicates P<.05; double star, P<.01. 
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reaching about 107 CFU/mL at 10 hours. In blood, the bac- 
terial counts were comparable with those in E coli peri- 
tonitis during the initial 4 hours but then increased to 
about 10° CFU/mL at 10 hours (Fig 1). 

The IP injection of lower numbers of E coli (3 x 105 or 
3 x 10° CFU) resulted in a gradual decrease of IP bacterial 
counts, regardless of the addition of bile. A few positive 
blood cultures were observed at 1 hour after the combined 
IP injection of 3 x 105 E coli and bile. 


IP Injection of Labeled Bacteria 

Blood Radioactivity. —During the first 1 to 5 hours of 
peritonitis, blood radioactivity was lower in E coli plus bile 
peritonitis than in E coli peritonitis following the injection 
of labeled bacteria (ANOVA, P<.05; Fig 2). Compared 
with controls given saline IP, blood radioactivity was 
lowerin both E coli peritonitis and E coli plus bile peritonitis 
(ANOVA, P<.05 and P<.001, respectively). Bile alone af- 
fected absorption of labeled bacteria from the peritoneal 
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Intraperitoneal Agent k* 


Saline 11.0- 1.1 
Bile 11.84 C.8 
Escherichia coli 12.2+0.7 
E coli + bile 9.3+0.2t 


*Values are mean + SEM percents per minute. 
+P<.01 compared with E coli peritonitis. 
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Fig 6.— Organ localization at 15 minutes after intravenous injection 
of labeled bacteria and 5 hours after intraperitoneal injection of un- 
labeled materials (see legend to Fig 4 for explanation of symbols and 
these materials). 
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cavity to blood in a similar way as E coli peritonitis. No 
significant differences between the various greups in 
blood levels were seen at 4 hours after the IP injection of 
labeled E coli. 

In contrast, at 4 to 8 hours after induction of peritonitis, 
blood radioactivity did not differ between E coli peritonitis 
and E coli plus bile peritonitis (ANOVA, P>.05). Com- 
pared with controls, blood reactivity was lower in E coli 
plus bile peritonitis (ANOVA, P<.05) as well as in animals 
given IP bile alone (ANOVA, P<.05; Fig 3). 

Organ Uptake. — Bile alone did not affect uptake of la- 
beled bacteria in the spleen, lungs, or liver (Figs 4 and 5). 
Splenic uptake of labeled bacteria was lower in E coli plus 
bile peritonitis than in E coli peritonitis at 8 hours (P<.05) 
but not at 5 hours (P>.05) following induction of perito- 
nitis. It was consistently lower in both types of peritonitis 
than in controls (P<.05 for all comparisons). 

The pulmonary uptake was similar in E coli peritonitis 
and E coli plus bile peritonitis and was higher in both peri- 
tonitis groups than in controls. The increase in pulmonary 
ie was most pronounced at 5 hours after induction 
of peritonitis and did not reach statistical significance 
(P>.05) at 8 hours in E coli plus bile peritonitis. 

Liver dominated the uptake of labeled bacteria. It was 
maak co by the IP administration of E coli or E coli plus 

e. 


IV Injection of Labeled F coli 
Clearance. — Clearance from blood was lower in E coli 
plus bile peritonitis than in E coli peritonitis (P<.01). Clear- 
ance rates differed from those observed in controls only 
in E coli plus bile peritonitis (Table). 
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c6 
: nary uptake was increased, and liver uptake was un- 
-changed in rats receiving bile, E coli, or E coli plus bile. 
Organ uptakes were similar in E coli peritonitis and E coli 
-plus bile peritonitis (Fig 6). 








COMMENT 
. Previous experimenta! studies of E coli peritonitis have 
< documented a noxious effect of bile when administered IP 
rather than [V.4 To explain the mode of influence of bile 
-on hest defense mechanisms, both cytotoxic and deter- 
gent effects should be considerec.** With respect to ab- 
sorption of bacteria from the peritoneal cavity, a cytotoxic 
effect on the peritoneal lining would be expected to lead 
io a decrease, whereas a detergent effecton the peritoneal 
: membrane might lead to an increase. 
| Ue In the rats with E coli peritonitis, the gradual decrease 
| . in bacterial counts agreed with previous findings in 
- ^pigs.*^! When bile was added, bacterial counts in the peri- 
. tonealcavity started to rise after 2 hours, resulting in over- 
| whelming bacteremia. Fewer IP injected E coli organisms 
— together with bile cid not reveal this pattern; thus, a cer- 
- . tain level of bacterial inocula seems to be needed to cause 
- agradual increase in bacterial counts. Previcus studies!^ 4 
-have shown that bile does not act as a direct growth stim- 
... ulant of E col. 
Whether the peritoneal absorption of E colmwas changed 
by the presence of bile in the abdominal cavity was in- 
|. vestigated via a studv of the absorption of labeled, heat- 
|. killed bacteria, with the assumption that the findings are 
relevant for live bacteria. During the first 5 hours after 
_ induction of peritonitis, absorption from the peritoneal 
|. eavity was lower in E coli plus bile peritonitistthan in E coii 
|» peritonitis. In addition, peritoneal absorption was de- 
— creased in both peritonitis groups compared with controls. 
. Increased clearance of bacteria from blood was ruled out 
_ bythe IV clearance study. Clearance from bloed was in fact 
_ lowerin E coli plus bile peritonitis than in the other groups, 
* which suggests that peritoneal absorption in this group 
| was even more hampered than indicated by the blood lev- 
_ els alone. Recent ultrastructural studies of the peritoneal 
_ lining demonstrated an exaggerated loss of microvilli anc 
«| denuded cell surfaces when bile was added IP in E co 
. peritonitis at 10 hours. Even IP bile alone caused mor- 
. phologic changes, although not as exaggerated. Thus, the 
- functional deterioration has a morphologic correlate. 
<>: We have previously demonstrated that the number of 
bacteria associated with peritoneal phagocytes is de- 
creased when IP bile is present in E coli peritonitis.* Im- 
- paired phagocytosis may be caused by a cytotoxic action 
of bile on the phagocyte®* or by a detergent action of bile 
on the lipopolysaccharide component of the bacterial cell 
wall, which might lead to an increased resistance of E coli 
hagocytosis!/57 and to impaired phagocytosis and kill- 
: peritoneal phagocytes via the liberation of 
<in.182 ft has been demonstrated that endotoxin 
1 the peritoneal fluid and blood are higher in E coli 
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rgan Uptake. —Splenic uptake was decreased, pulmo- ` 





The increased pulmonary, decreased splenic, and un- 
changed hepatic uptakes of labeled bacteria are in agree- 
ment with previous results in gram-negative sepsis in the 
rat.” Intraperitoneal injection of bile alone resulted in de- 
creased splenic and increased pulmonary uptakes follow- 
ing IV injection of labeled bacteria. Also, IP injection of bile 
resulted in reduced clearance from blood in E coli plus bile 
peritonitis compared with E coli peritonitis. However, or- 
gan localization did not appear to differ appreciably be- 
tween E coli peritonitis and E coli plus bile peritonitis, in- 
dicating that the changes induced by the septic state were 
predominant and precluded the demonstration of possible 
effects of bile on organ localization in peritonitis. 

It has been debated whether decreased absorption of 
bacteria from the peritoneal cavity to blood improves or 
impairs host survival. Blockade of transdiaphragmatic ab- 
sorption of bacteria by IP injection of platelet-rich plasma 
or by scarification enhanced survival following double co- 
lonic perforation in rats." The decreased peritoneal ab- 
sorption in E coli plus bile peritonitis in our study thus was 
associated with decreased survival compared with E coli 
peritonitis, reproducibly shown in previous studies.?^ A 
probable explanation is that phagocytosis by peritoneal 
phagocytes was impaired, allowing for uncontrolled IP 
growth and subsequent bacteremia. 

In summary, we have demonstrated that bile in the peri- . 
toneal cavity leads to impaired absorption of bacteria from 
the abcomen into blood in E coli peritonitis. Previous re- 
sults*^/ and our results indicate that bile aggravates E coli 
peritonitis predominantly by impairing local host defense 
within the peritoneal cavity. However, it is conceivable 
that the bile-induced reduction in peritoneal absorption of 
bacteria further aggravates the situation in the presence of 
the reduced phagocytic activity of the peritoneal phago- 
cytes. 
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Cost Savings in a Hospital Clinical Laboratory With a Pay-for-Performance 


Incentive Program for Supervisors 


James W. Winkelman, MD; John L. Aitken, PhD; Donald R. Wybenga, MB 


y-for-performance incentive program for clinical laboratory supervisors was 
devo and implemented at Brigham and Women’s Hospital (Boston, Mass). It 
provides monetary rewards to personnel who directly ‘gape cost savings in their 
area of responsibility. This reward system is new to t 
commonly used in industry. Substantial true cost savings over and above previously 
established stringent budgets were achieved, 11% of which was returned to first-line 
supervisors in the form of a bonus. The program expanded the scope of professionalism 
for supervisors to include fiscal management (Arch Pathol Lab Med. 1991;115:38-41). 
Reprint jS to Brigham and Women's Hospital, 75 Francis St, Boston, MA 02115 (Dr 
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Lateral Thoracotomy for the Automatic 


Implantable Defibrillator 


A. David Slater, MD; Igor Singer, MD; Christodulos Stavens, MD; Michael J. Springer, MD; Laman A. Gray, Jr, MD 


è in 51 patients whe required automatic implantable car- 
dioverter defibrillator implantation without additional car- 
-diac procedures, the lead system was implanted using a lat- 
eral thoracotomy approach, with complete muscle s ami 
in the last 24 patients. Exposure was excellent and allow 
repositioning of leads for optimal defibrillation thresholds 
in 18 patients. Five of 19 patients who had previously un- 
. . dergone intrapericardial procedures required intrapericar- 
-dial dissection for lead placement to provide satisfactory 
_ defibrillation thresholds. There were no intraoperative 
-deaths or infarctions. The 30-day mortality rate of 3.9% was 
. . comparable with those in other series, and the use of muscle- 
^ sparing techniques end supplemental epidural anesthesia 
prevented pulmonary complications or the need for pro- 
o onged ventilatory support. We favor a muscie-sparing lat- 
eral thoracotomy incision for automatic implantable car- 
__ dioverter defibrillator insertion, particularly in patients with 
_ a histery of previous intrapericardial procedures. 
5c (Arch Surg. 1991;726:778-781) 


[n P atients who are resuscitated from a sudden cardiac 
^». .- arrest episode and those with a history of ventricular 
-. tachyeardia refractory to medical therapy are at high 
risk of recurrence of a life-threatening ventricular 
|. arrhythmia.'* The automatic implantable cardioverter de- 
oe fibzillztor (AICD) (CPI Inc, Minneapolis, Minn) has be- 
come an accepted mode of therapy for these patients be- 
cause it significantly decreases mortality caused by 
... recurrent arrhythmias.” A variety of techniques for in- 
- gertion of the device and lead systems have been 
_ C described." Although nonthoracotomy procedures 
"have been claimed by some!*" to decrease morbidity and 
-mortality in a patient population that is eften severely 
compromised by advanced cardiac disease, they provide 
limited exposure to the heart. Complete thoracic exposure 
‘provides an opportunity for intrapericardia: and extrap- 
 ericardial lead placement with direct visualization of the 
 phrenic nerves as well as the epicardial stractures. 
. In this present study, we implanted 51 AICD devices, 
. using a lateral thoracotomy incision with complete muscle 
sparing!? in our last 24 patients. We prefer a lateral tho- 
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racotomy with muscle sparing for patients who do not 
require an additional cardiac procedure because it pro- 
vides excellent exposure for lead placement and optimal 
AICD function with limited morbidity. 


MATERIALS AND METHODS 

We evaluated 40 male and 11 female patients (aged 26 to 81 
years) during a 39-month period. Twenty-two patients had a his- 
tory of sudden cardiac arrest episode, 24 had a history of recurrent 
ventricular tachycardia refractory to medical therapy, and five 
had unexplained syncope. All 51 patients were evaluated with 
cardiac catheterization using coronary arteriography and left 
ventricular angiography. The diagnoses are listed in Table 1. 

Of 4) patients who had coronary artery disease, 18 had a his- 
tory of previous cardiac surgery, and 22 had coronary artery dis- 
ease that was not amenable to coronary surgery or for which 
revascularization was not indicated. Eighteen patients had se- 
vere left ventricular dysfunction and an ejection fraction of less 
than or equal to 2096, but were not considered candidates for 
cardiac transplantation because of age, diabetes mellitus, or ab- 
sence of congestive failure. The mean ejection fraction for the 
entire group was 30.6% (range, 15% to 65%). Five patients with 
pec electrical disease had relatively normal left ventricular 

nction, with a mean estimated ejection fraction of 55%. 

All patients were studied in the electrophysiology laboratory 
with programmed electrical stimulation and had inducible ven- 
tricular tachycardia despite medical trials with a mean of 3.8 
drugs per patient. Twenty-one patients remained inducible de- 
spite receiving amiodarone hydrochloride therapy or had unac- 
ceptable side effects associated with the medication. 

At the time of surgery, we anesthetized patients with fentanyl 
citrate and pancuronium bromide and used a double-lumen en- 
dotracheal tube. A Swan-Ganz catheter was inserted as well as 
a radial artery catheter for continuous pulmonary artery and sys- 
temic arterial pressure monitoring. Antibiotic prophylaxis with 
cefazolin sodium or vancomycin hydrochloride was adminis- 
tered before surgery and for 48 to 72 hours afterward. Patients 
were placed in a right lateral decubitus position with the left pel- 
vis angulated posteriorly to provide greater exposure to the an- | 
terior abdominal wall. In the 24 patients who received the muscle- 
sparing approach, we made a lateral thoracotomy incision and _ 

eveloped skin flaps to expose the anterior border of the latis- — 
simus dorsi, as described by Bethencourt and Holmes!? (Fig D. $e 
The fifth intercostal pee was entered, and in patients with lim- | 
ited mobility of the ribs, a 3-cm segment of the siet portion 
of the sixth rib was removed by subperiosteal dissection to pro- 
vide greater mobility and exposure. 

Initially, we opened the pericardium in all patients who had 
not undergone a previous intrapericardial procedure, and patch 
electrodes were placed on the posterolateral surface of the left 
ventricle and the anterior surface of the right ventricle. Recently, 
we began testing patch leads in an extrapericardial position to 
avoid potential injury of vessels on the epicardial surface and to 
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*AICD indicates automatic implantable cardioverter defibrillator. 


prevent intrapericardial adhesions,” particularly in young pa- 
tients who might require cardiac surgery in the future. In patients 
who previously underwent cardiac surgery, we tested patch 
leads in an extrapericardial position and placed them intraperi- 
cardially after the dissection of adhesions if initial thresholds 
were unsatisfactory. 

Rea ini; leads were used in all but two patients and 
were placed on the lateral surface of the left ventricle at the base 
of the heart ata maximal distance from the right ventricular apex. 
Two patients had endocardial sensing leads placed through the 
left subclavian vein and positioned at the apex of the right ven- 
tricle. Electrographic signals were measured in all patients and 
considered adequate if they were greater than 8 mV from the 
patch leads and 5 mV from the epicardial sensing leads. We at- 
tempted to induce ventricular tachycardia in all patients with a 
history of recurrent ventricular tachycardia, and performed 
threshold testing using the external cardioverter defibrillator. 

Ventricular fibrillation was induced in all patients, and thresh- 
olds were considered adequate if 20 J or less successfully defib- 
rillated the patient on two consecutive trials, thus providing a 
margin of at least 10] below the generator maximal output. Leads 
were repositioned, including intrapericardial dissection, until 
such thresholds were obtained in all but two patients who were 
successfully converted at 25 J and had successful defibrillation by 
the AICD on two consecutive trials. Testing was complete when 
ventricular fibrillation was terminated successfully by the device 
on two consecutive trials. 

The double-lumen endotracheal tube was replaced wit’ a stan- 
dard endotracheal tube before the patient was transferred to the 
recovery room. Patients who were not extubated in the recovery 
room and those with a history of pulmonary disease received an 
epidural catheter and anesthetic consisting of 1-g/L morphine 
sulfate without preservative. Each patient received a 3-mg to 
4-mg bolus initially, then either 2 mg to 4 mg every 6 to 8 hours 
afterward or 0.5 mg to 1 mg per hour by continuous pump ad- 
ministration until the patient was extubated or for 48 hours. 

All patients were returned to the electrophysiology laboratory 
to verify that the AICD device was functioning satisfactorily be- 
fore they were discharged from the hospital. All patients were 
reevaluated with generator testing every 2 to 3 months after hos- 
pital discharge. Device discharges were recorded and considered 
appropriate if associated with symptoms of tachycardia or syn- 
cope in the absence of documented supraventricular tachycardia. 

er a device discharge, patients were reevaluated for evidence 
ofsupraventricular ndun device malfunction, or alteration 
of medica! therapy. 


RESULTS 

Thirty-five patients had defibrillation thresholds less 
than ore to 15J, and thresholds were greater than 15] 
but less than or equal to 20 J in 14 patients. Eighteen pa- 
tients required repositioning of at least one sensing or de- 
fibrillating lead during the initial operative procedure. Of 
the 19 patients with a history of a previous intrapericardial 
procedure, five required opening of the pericardium, dis- 
section of adhesions, and intrapericardial placement of the 
ees leads to provide satisfactory function of the device. 
two patients who had undergone a previous intrap- 
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Fig 1.— Position and exposure for muscle-sparing left lateral thora- 
cotomy. 











Cardiac 
Congestive heart failure 2 
Myocardial infarction 2 
Recurrent arrhythmia in absence of the device 1 


Noncardiac 
Carcinoma of the esophagus 


*AICD indicates automatic implantable cardioverter defibrillator. 


ericardial procedure, the defibrillation threshold was 25 J 
despite multiple attempts to position the leads and reverse 
polarity. The patients, however, underwent satisfactory 
defibrillation with the device in intraoperative testing. 
There were no intraoperative complications or operative 
deaths and no perioperative infarctions. 

Two deaths (3.9%) occurred within 30 days of surgery. 
One death occurred in the hospital and was related to bi- 
lateral lower limb ischemia that required amputation in an 
81-year-old patient with severe preexisting peripheral vas- 
cular occlusive disease. The other patient died of a my- 
ocardial infarction and electrical-mechanical dissociation 
17 days after operation and 1 week after discharge from 
the hospital. 

Two patients developed an infection of the defibrillator 
pocket 1 month and 2 weeks after surgery that required 
explantation of the device. Ten patients (19.6%) required 
ventilatory support for more than 24 hours, and five (9.8%) 
for more than 48 hours. No patient required tracheostomy 
or had a long-term complication related to pneumonitis, 
pulmonary disease, or pleural effusion. Seventeen pa- 
tients received electrical discharges from the AICD device 
during the follow-up period. Of these, 15 patients had 
appropriate discharges associated with symptoms of a 
documented ventricular tachycardia or fibrillation. Eight 
had inappropriate discharges associated with supraven- 
tricular tachycardia or no evidence of tachyarrhythmia, 
and six had both. 

One patient had inappropriate discharge with evidence 
of T-wave sensing interpreted by the device as two times 
the actual heart rate; it was corrected by placement of a 
transvenous endocardial sensing lead. Another patient ex- 
perienced failure to defibrillate on retesting 1 weex after 
the device was implanted. Repeated testing in the oper- 
ating room demonstrated thresholds greater than 30 J. 
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Fig 2.— Patient survival rate following operation. 


Placement cf a transvenous spring lead resulted in 
defibrillation thresholds of less bus or equal to 20 J and 
satisfactory function of the device. In a third patient, the 
device failed to sense and discharge for recurrent tachy- 
cardia. Three sensing leads were placed in this patient ini- 
tially, and with a new combination of the sensing leads, 
satisfactory function of the device, with thresholds of less 
than or equal to 20 J, was obtained with no further device 
malfunction. 

Only one patient with late infection required reopening 
of the thoracotomy incision for removal of infected leads. 
One patient developed an effusion at the generator site 
that resolved spontaneously. No patient required long- 
term narcotic analgesia for postthoracotomy pain, and pa- 
tients with the muscle-sparing incision appeared to have 
less discomfort and no disability related to their incision. 

Six late deaths occurred, including one noncardiac 
death, two deaths related to congestive failure, two deaths 
related to myocardial infarction, and one arrhythmic death 
in a patient who refused to remain in the hospital after the 
device was explanted for a defibrillator pocket infection 
(Table 2). The Kaplan-Meyer survival rate was 85.3% at 1 
year and 81.6% at 3 years (Fig 2). 


COMMENT 

The AICD has been effective in reducing the number of 
deaths due to arrhythmia in patients with life-threatening 
ventricular tachycardia or fibrillation. A variety of ap- 
proaches have been described, including anterior or lateral 
thoracotomy; median sternotomy; and subxiphoid, sub- 
costal, and subcostal ap with right minithoracot- 
omy, for implantation of the device.!'-7 In 18 of our pa- 
tients, lead repositioning was necessary to obtain 
satisfactory function of the AICD device. We were able to 
M imei this easily through lateral thoracotomy expo- 
sure, including those patients with muscle-sparing inci- 
sions. Lawrie et al^ have advocated the addition of a right 
minithoracotomy to a subcostal & (idee in patients with 
unsatisfactory thresholds. Eight of their 46 patients, all of 
whom underwent a previous intrapericardial procedure, 
required the additional thoracotomy procedure. 

We have experienced good long-term function of the 
AICD device and believe that attention to intraoperative 
testing criteria resulted in limited device malfunction or 
failure. Only two patients required lead revision, and both 
revisions were accomplished in a percutaneous fashion 
without the need for reexposure of the heart. No patient 
was excluded from thoracic exposure because of under- 
lying disease and there were no intraoperative deaths. We 
prefer the thoracotomy procedure in high-risk patients be- 
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cause we believe it provides better exposure and a more 
controlled situation in patients with complicating medical 
factors. 

Our two A gery keeper deaths were related to patient 
selection. The 81-year-old patient with bilateral limb is- 
chemia was perhaps not a candidate for surgery, and the 
other death occurred in a patient with end-stage ischemic 
disease who was not a candidate for cardiac transplan- 
tation because of insulin-dependent diabetes mellitus. 

We had no problems related to endotracheal anesthesia. 
Although surgery on the conscious patient, as advocated 
by Shepira et al," appears to be advantageous, our an- 
esthes:a colleagues were concerned about aspiration dur- 
ing defibrillation testing with an unprotected airway. 
Three of Shapira's eight patients who had epidural an- 
esthesia required intubation in the recovery room and two 
of 12 patients required reoperation for repositioning of the 
lead. We avoided reoperation in our series, and because 
of postoperative epidural anesthesia, none of our patients 
required prolonged ventilatory support. | 

While Blakeman et al? claimed that a median sternot- 
ey incision was less painful than a thoracotomy, we have 
had extensive experience with the median sternotomy in- 
cision in our patients undergoing cardiac surgery and have 
not noted a significant difference. Defibrillation through 
the scarred pericardium has not been consistent.2° We be- 
lieve that transthoracic exposure provided a good oppor- 
tunity ‘or intrapericardial lead placement even in patients 
who previously underwent intrapericardial procedures. 
We have had no cases of perioperative infarction or prob- 
lems with disruption of previous bypass grafts, and have 
found that routine dissection of the entire heart through 
a median sternotomy approach was not necessary in pa- 
tients who had undergone previous intrapericardial pro- 
cedures. 

In most panai who had not undergone previous in- 
trapericardial procedures, extrapericardial placement of 
the leads was satisfactory and is advantageous, particu- 
larly in young patients who may require cardiac surge 
in the future. Extrapericardial placement of the leads may 
also be advantageous if infection occurs and requires com- 
plete removal of the lead system. The need for late removal 
of an imfected intrapericardial lead was the cause of one 
death due to myocardial infarction in our series. 

Based on our findings, we believe that the lead place- 
ment for the AICD device is improved by thoracic expo- 
sure. A lateral thoracotomy, particularly with muscle spar- 
ing, and selected supplemental epidural anesthesia 
allowed us to perform the AICD insertion procedure with 
acceptable mortality without concomitant cardiac or pul- 
monary complications. 


We thenk Margaret Keller, RN, for her help in preparing the manu- 
script. 
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Clinical Note 





Recurrent Spontaneous Intrahepatic Hemorrhage 
From Peliosis Hepatis 


Sharon R. Hayward, MD; Charles E. Lucas, MD; Anna M. Ledgerwood, MD 


€ Peliosis hepatis is a rare and highly lethal liver lesion in 
which numerous blood-filled cavities or cystic spaces are 
dispersed throughout the hepatic parenchyma. The cause is 
unknown, although the condition is associated with several 
disease states and medications. Patients may present with 
hemorrhage, liver failure, the hepatorenal syndrome, 
cholestasis, or portal hypertension. We treateda patient who 
survived two separate hemorrhages from peliosis hepatis. 
The surgical intervention used, hepatic dearterialization, has 
Mand this patient to remain asymptomatic for 5 years. 
(Arch Surg. 1991;126:782-783) 


: P eliosis hepatis is a rare and nigh’y lethal liver lesion 
in which numerous blood-filled cavities or cystic 
asm are dispersed throughout the hepatic paren- 
yma.!?Less than 150 cases of peliosis hepatis have been 
reported. The earliest reports came from autopsy series of 
patients with tuberculosis, malignant neoplasms, or other 
- chronic wasting diseases. Later reports showed a signif- 
. icantrelationship to medication, specifically steroids, birth 
control pills, adrenal androgens, and azathioprine.?4 This 
report describes a patient who survived two bouts of intra- 
abdominal hemorrhage, requiring operative hemostasis, 
from peliosis hepatis of probable congenital origin. 


REPORT OF A CASE 

A 50-year-old woman was transferred with a3-day history of 
malaise, abdominal pain, diarrhea, nausea, vomiting, and syn- 
cope. Her medical history included a left lateral hepatic segmen- 
tectomy for treatment of spontaneous intrahepatic hemorrhage 
27 years earlier. She was febrile (temperature, 38.1°C) and anemic 
(hemoglobin level, 81 g/L) after three transfusions and had ab- 
dominal distention, shifting dullness, right-upper-quadrant and 
flank tenderness, and hepatomegaly. Tests showed the following 
values: aspartate aminotransferase, 93 U/L; laetate dehydroge- 
nase, 396 U/L; alkaline phosphatase, 185 U/L; total bilirubin, 
34.2 pmol/L; and serum albumin, 33 g/L. An abdominal com- 
puted tomographic scan revealed multiple hepatic masses (Fig 1). 
A hepatic angiogram revealed small arterial aneurysms, with the 
larger vessels stretched by a large hematoma (Fig 2). 

Therapy included -ransfusions, antibiotics, and nasogastric 
sucticn. The patient's condition improved, and she was ready for 
discharge on day 17, when recurrent hemorrhage, acute anemia, 
and abdominal distension prompted laparotomy. A lesser-sac he- 
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matoma (1500 mL of blood and clot), a ruptured left hepatic lobe, 
multipie liver cysts, intrahepatic hematomas, and multiple ad- 
hesions were found. Treatment included evacuation of the he- 
matoma, left-lobe hepatorrhaphy, a wedge liver biopsy, and li- 
gation of two 1-cm-diameter hepatic arteries perfusing the right 
and lef- lobes. Microscopy confirmed peliosis hepatie (Fig 3). The 
patient was discharged on postoperative day 18 and remained 
well 5 years later. 


COMMENT 

Wagner first described the histologic features of this en- 
tity in 1861, and Schoenlank, in 1916, provided the term 
peliosis, which means livid or purpura from extravasated 
blood ?5 Cystic lesions, 0.5 to 10 cm in diameter, appear 
meaty but spongy on cross section.? Ultrastructurally, the 
dilated, blood-filled cysts arise from the spaces of Disse 
between the hepatocytes and sinusoids.$ 

The cause of peliosis hepatis remains unknown. In ad- 
dition to the associated disease states and offending drugs 
alreacy mentioned, other possible causes include congen- 
ital malformation, sinusoidal injury with focal necrosis 
and hemorrhage, an injured sinusoidal barrier, and vas- 
culitis due to chronic wasting.57 Regardless of origin, he- 
patic microcirculation is impaired, possibly from an ob- 
struction of hepatic outflow at the junction of the sinusoids 
and central lobular vein.? 


Fig 1.— Abdominal computed tomographic scan shows intrahepatic 
lesions thought to be fresh hemorrhage (arrow) primarily in the right 
lobe. 
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Fig 2.— Hepatic arteriography shows stretching of vessel around the 
intrahepatic mass in the right lobe and small microaneurysms 
(arrow). 


Patients typically present with abdominal pain and dis- 
tention from hemorrhage, liver failure, the hepatorenal 
syndrome, cholestasis, or portal hypertension. Preexist- 
ing hepatomegaly and altered liver function are com- 
mon.?^ Diagnosis often is delayed, since peliosis rarely is 
included in the differential Giagnosis. Once suspected, di- 
agnosis may be confirmed by laparoscopy, which shows 
numerous reddish purple spots on the liver surface, or by 
liver biopsy.5? Arteriography shows intrahepatic vascular 
dilation or ectasia suggestive of microaneurysms (Fig 2). 
Treatment is tailored to the suspected cause. Suspected 
causative drugs are stopped, and supportive care :s pro- 
vided for hepatic failure. External radiation may produce 
vacuolization and necrosis of endothelial cells causing 
thrombosis and has been proposed for intraparenchymal 
hemorrhage. Extrahepatic hemorrhage, seen in this pa- 
tient, necessitates intraoperative hemostasis by hepator- 
rhaphy, partial hepatectomy, or hepatic dearterialization. 

Several things make the patient described herein 
unique. She had no chronic illness or malignant neoplasm, 
wastaking no drugs, and had had a previous acute episode 
27 years earlier. These factors support a congenital origin, 
which is quite rare. No previous report of two separate 
hemorrhages is described. Since liver involvement was 
much more extensive with the second episode, the disease 
process is probably slowly progressive. Currently, the pa- 
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Fig 3.— Intraoperative wedge liver biopsy specimen shows peliosis 
hepatis with dilated blood-filled cysts (hematoxylin-eosin, original 
magnification x 150). 


tient's condition is stable; she has returned to work and 
has regained her previous vitality. Hepatic dearterializa- 
tion rarely has been used for treatment of this disease. The 
surgeon should be aware of this rare, life-threatening en- 
tity that may be amenable to operative intervention. 


This study was supported by the Interstitial Fluid Fund, account 
4-44966. 
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Clinical Note 


Angelchik Prosthesis Complicates Treatment of 
Adenocarcinoma in Barrett’s Esophagus 


J. David Richardson, MD 


@ Indications for use of the Angelchik pom remain 
controversial, and many surgeons actively involved in the 
treatment of reflux disease have not used the device. We 
describe a case that illustrates difficulties associated with 
resection of a tumor in the presence of this prothesis. Such 
experience suggests that patients known to have Barrett's 
esophagus might be better treated with standard antireflux 
procedures. 
(Arch Surg. 1991;126:784-785) 


umerous complications have been reported following 
the use of the Angelchik prosthesis, including mi- 
gration, fistula formation, obstruction of the esophagus, 
and erosion into the gastrointestinal tract. +7 Although the 
case reported herein does not represent a direct compli- 
cation of this prosthesis, it does illustrate how such a de- 
vice can complicate treatment of coincidental esophageal 
conditions. 


REPORT OF A CASE 

A 65-year-old man with Barrett's esophagus and associated 
dysplasia was seen for semiannual endoscopic follow-up. The 
patient had a 20-year history of heartburn that nad been unre- 
sponsive to medical therapy, which had prompted endoscopy 
8 years previously. At that time, columnar-lined epithelium with- 
out carcinoma or dysplasia was noted in the distal esophagus. 
An Angelchik prosthesis was placed, which resuited in marked 
improvement of reflux symptoms that continued until the 
pow admission. Annual endoscopic examination disclosed no 

istologic changes for several years; however, a progressive in- 
crease in the degree of atypia prompted shortened intervals be- 
tween endoscopic exeminations. 

"Ey and brushings of an area of ulceration near the gas- 
troesophageal junction, which had not been previously identi- 
fied, disclosed adenocarcinoma cells. This diagnosis was con- 
firmed by a punch bicpsy specimen from the margin of the area 
of ulceration. Barium swallow and upper gastrointestinal series 
delineated the anatomy in relation to the Angelchik prosthesis. 
An area of mucosal nodularity and irregularity surrounded the 
prosthesis (Figure). 

At operaticn, a dense inflammatory mass encircled the An- 
gelchik prosthesis, and the prosthesis itself was surrounded by 
a thick fibrous ring adherent to the fundus of tne stomach, the 
adjacent spleen on the left, the left lobe of the liver on the right, 
and posteriorly attached to the aortic wall. Super:orly, the fibrotic 
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reaction involved both the left and right crus of the diaphragm. 
It was not possible to discern the contribution of tumor vs in- 
flammatory reaction to the large mass. Therefore, an en bloc dis- 
section was performed involving the spleen and part of the mus- 
culature of the diaphragm. After great difficulty, the mass was 
able to be dissected from the pancreas and aortic wall. Eventually, 
the entre fundus, gastroesophageal junction with its intrinsic 
mass, and prosthesis were mobilized for resection. An Ivor-Lewis 
procedure was performed with a gastric tube fashioned from the 
uninvo:ved greater curvature for the esophageal anastomosis. 
The pazent's postoperative course has been benign, and he is 
doing well without evidence of disease after 2 years. 

Pathologic examination showed the tumor to be contained in 
a small area of ulceration and to be approximately 9 x 3 mm in 
diameter without invasion into the muscularis. Multiple lymph 
nodes “ailed to disclose metastatic adenocarcinoma. The large 
mass e:fect was due almost entirely to a dense fibrotic reaction, 
which showed no evidence of malignancy, surrounding the sil- 
icon prosthesis. 


COMMENT 

The patient described herein had been noted to have 
columaar-lined epithelium of the esophagus with a diag- 
nosis of Barrett's esophagus before the placement of the 
prosthesis. It is certainly unlikely that the prosthesis con- 
tributed to the development of a malignancy given the 
tendency for columnar-lined epithelium to undergo ma- 
lignant degeneration with a standard antireflux proce- 
dure. However, this case does illustrate the marked dif- 


An aree of irregularity and nodularity was noted following a barium 
swallow procedure. This area did not distend with multiple views. 
The arrows indicate the radiopaque markers in the Angelchik pros- 
thesis. 
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agitis but, as illustrated iby! Richardson’ $ case, this does. not 
prevent dysplastic or neoplastic changes. 

The current recommendation is that frequent surveillanc 
by esophagoscopy and biopsy i is essential in Barrett's e 
agus and that esphagectomy is indicated when severe 
plasia or adenocarcinoma is found. Esophagectomy is 
easy when the patient has undergone anantireflux proce 
butthe problems encountered in Richardson's report len 
dence to his recommendation that the Angelchik pros 
should not be used in paca with Barrett's esophagu : 

Davip L. NAHRWOLD, ? * 
Chicago, Ill 
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|... The balloon-tipped embolectomy catheter is widely uti- 
.. lized in the treatment of arterial thromboemboli, signifi- 
.. cantly improving mortality and limb salvage rates. However, 
. early and late complications related to catheter-tip injury 
.. and balloon trauma continue to occur and compromise the 
.. results of surgical intervention. Myointimal hyperplasia is an 
.. example of anunusual ate complication induced by balloon- 
.. related arterial wall trauma. Myointimal hyperplasia is a 
. commonly recognized healing response of the arterial wall 
-to endothelial injury but is rarely reported after balloon- 
. catheter thromboembelectomy. The extensivenature of the 
-. injury increases the incidence of limb loss. The [is ie 
.. iologic nature of this process is reviewed, an f sakean 
|. Structural details such as intimal thickening and disruption 
.. of the internal elastic lamina are presented. The pathogen- 
.. esis of myointimal hyperplasia suggests guidelines for cath- 
.. eter use during embolectomy that may further reduce the 
.. incidence of this unusual complication. 

(Arch Surg. 1991;126:786-788) 


- Balloon-catheter thromboembolectomy has become the 
[technique of choice in the surgical treatment of arterial 
_ thromboemboli since its introduction in 1963 by Fogarty 
. et al.! The technique is simple, safe, and efficacious and 
. can be used with only local anesthesia in gravely ill pa- 
. tients. Despite this, beth early and late complications re- 
_ lated to catl eter-tip injurv and balloon trauma continue to 
_occur.? This article documents our experience with an un- 
. usual late complication of balloon-catheter embolectomy 
_ (BCE), which has received increased attention in recent 
. literature. 54 


















rua. -REPORT OF A CASE 
37-year-old white man presented to Bay Pines (Fla) Depart- 
Veterans Affairs Medical Center complaining of sudden 


set. f bilateral lower-extremity pain. He had no femoral pulses 
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or pedal Doppler signals. Medical history was significant for 
emergency celiotomy after a motorcycle accident 9 months ear- 
lier. At that time, because of a suggestion of an intimal laceration 
on preoperative angiography, aortotomy was performed. This 
revealec no acute injury but an extensive ulcerated atheroscle- 
rotic plaque extending into both common iliac arteries. Endar- 
terectomy was performed. On the current admission, intrave- 
nous dizital subtraction angiography demonstrated infrarenal 
aortic occlusion with reconstitution of the common femoral ar- 


teries bi.aterally and normal distal vessels. Aortobifemoral by- 


pass (ABF) was performed. At operation, his common and su- 


perficial femoral arteries were free of atherosclerotic occlusive — 


disease. Noninvasive vascular study results of his lower extrem- 
ities were normal on discharge, with ankle-brachial indexes 
greater than 1.0. 

The pctient was admitted to another institution 15 months later 
with occ usion of the right limb of the ABF graft. This was throm- 
bectomized with a 5F Fogarty embolectomy catheter. Restoration 
of axial blood flow was accomplished by passing a 4F Fogarty 
catheter distally down the superficial femoral artery (SFA) several 
times. Completion angiography was not performed, but pedal 
pulses were noted to be palpable at the end of the procedure. 

Nine months later, he again presented to our institution com- 
plaining of rapidly progressive right lower-extremity claudica- 
tion. Arteriography demonstrated a stenosis of the ABF graftat 
the right femoral anastomosis, occlusion of the proximal right: 
SFA, and severe diffuse concentric narrowing of the distal SFA 
(Fig 1), al of which had developed since his last hospitalization. 
The righ: femoral anastomosis was revised with extended pro- 
fundaplasty. At operation, the right SFA was functionally oc- 
cluded, with only minimal back bleeding. Biopsy of the artery 
revealed marked myointimal hyperplasia (MIH) in the area of 
concentre narrowing seen on angiography (Fig 2). 


COMMENT 
Several retrospective reviews of patients undergoing 
BCE have documented its utility and safety. Indeed, AT- 


brechtsson et aP have reported a complication rate of 0.7% E E 


in a series of 600 patients. Such complications can be clas 
sified by mechanism of injury, type of injury, and time of | 
presentation. Early complications such as arterial perfo- . e 
ration, subintimal dissection, embolization of catheter 


components, and arteriovenous fistula may be recognized 


intraoperatively, especially with the routine use of angiog- 
raphy. Late complications of BCE include pseudoaneu- 
rysm formation and MIH, causing diffuse arterial narrow- 
ing. Myointimal hyperplasia has been increasingly 
recognized since Foster et al’ published their initial report 
in 1970. Other nomenclature has been used to describe 
what is probably an identical lesion, including nonspecific 
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Fig 1.—Arteriograms demonstrate myointimal hyperplasia in a pre- 
viously thrombectomized vessel. Top, Stenosis of right femoral 
anastomosis and occlusion (arrows) of proximal superficial femoral 
artery (SFA). Bottom, Diffuse arterial narrowing of more distal SFA 
(arrows) and midportion of SFA. 


arteritis and accelerated atherosclerosis. 

Endothelial denudation is a common, relatively benign 
event associated with balloon trauma to the arterial wall 
that usually carries no long-term sequelae. However, in 
several patients with recurrent symptoms of ischemia after 
surgical manipulation with balloon catheters, diffuse con- 
centric arterial luminal narrowing secondary to MIH has 
been documented both radiographically and by histologic 
examination of pathologic specimens.*” Angiographi- 
cally, these lesions are recognized by severe, smooth, 
long-segment stenoses in previously thrombectomized 
vessels. Focal irregular lesions at sites characteristic for 
atherosclerosis are not seen. Collateral circulation is prom- 
inent. There are no pseudoaneurysms or branch-vessel 
occlusions indicative of vasculitis. Histologically, intimal 
thickening with smooth-muscle cell (SMC) hyperplasia in 
a myxoid matrix is pathognomonic. Fatty streaks, fibrous 
plaques, and inflammatory cell infiltrates are absent. Dis- 
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Fig 2.—/ntimal thickening resulting from medial smooth-muscle cell 
migration and proliferation (hematoxylin-eosin, original magnifica- 
tion x 100). 





Fig 3.— Histologic section of superficial femoralartery is shown. Ver- 
hoeff-van Gieson stain specific for elastic fibers demonstrates dis- 
ruption of internal elastic lamina (original magnification x 40). 


tortion of the architecture of the arterial wall as noted by 
disruption of the internal elastic membrane on histologic 
section reflects the severity of the initia! injury (Fig 3). Dys- 
trophic calcification may be present. 

Currently, the cellular interactions responsible for MIH 
are under investigation in several animal models. Postu- 
lated mechanisms have focused on the extent (length) of 
the injury and the speed of endothelial repair. Hauden- 
schild and Schwartz? proposed that after endothelial de- 
nudation, there is a "race" between endothelial regener- 
ation and SMC proliferation. Areas slowest to reendo- 
thelialize show the greatest MIH. Intimal SMC prolifer- 
ation may be suppressed by the local production of a he- 
ange growth inhibitor by the regenerated endothe- 
ium or by the restricted entry of blood-borne mitogens 
such as somatomedin C.*! The hyperplastic response of 
the artery may also be mediated by the depth of injury, 
implying that arterial wall stretch and medial SMC injury 
and death may play a role. The reported data in animal 
models studying the kinetics of cellular proliferation after 
arterial injury have sometimes conMicied, evenin the same 
species. Factors responsible for these discrepancies may 
include the particular artery injured and the age of the 
animal. 2 
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ubar: 


. puse, wall pressure (LWP), ie, the transmural pressure 
exerted by the inflated balloon on the artery,.and the shear 
ces generated during catheter withdrawal have been 
sntified as important in the development of MIH." 
ese factors depend on the diameter of the balloon, the 
lume of fluid used to fill the balloon, and the compliance 
-of the artery. A threshold for shear force-induced intimal 
_ damage exists between 50 and 100 g, and even greater 
_ force is necessary to disrupt the internal elastic lamina. A 
_ shear force of 60g corresponds to that used clinically." 
- . Therefore, even careful surgical techniquecan produce en- 
5 dothelial derudation. 
_. Air rather than fluid has been advocated tor balloon in- 
_.. flation.!é The use of a more compressible medium should 
|. decrease shear forces. However, gas-filled balloons tend 
_ to change diameter spontaneously, and LWP and shear 
__ force cannot be controlled as precisely as with fluid-filled 
_ balloons." A new shear force gauge may make this issue 
. less important.!? This device employs a slip-clutch mech- 
|. anism that prevents the generation of excessive shear 
|... forces during catheter withdrawal. 
|| Excessive intimal damage can be avoided by using the 
C smallest catheter possible tc perform thromboembolec- 
v tomy and avoiding overinflation of the balloon. At low 
'* LWPs, small catheters are ovoid and contact the arterial 
_. walloveralimited surface area, while larger catheters form 
| a sausagelike structure that produces a much larger area 
«of contact. Since less balloon is actually touching the en- 
5 dothelium, less intimal damage will occur with a small 
catheter." In contrast to the SFA, MIH is seldom reported 
-following iliac BCE. It is likely that a smaller balloon size 
relative to the diameter of the vessel causes less arterial 
|. injury. Furthermore, a greater degree of MIH in these 
- larger vessels would be required to narrow the lumen sig- 
-. niáficantly and cause up ein compromise. Finally, 
- with iBacrather than femoral embolectomy, arterial inflow 
and pressure facilitates disobliteration of the vessel, thus 
. necessitating fewer passes of the catheter. 
-. Variable inflation of the balloon past arterial stenoses is 
another important surgical maneuver. Small changes in 
‘balloon diameter can result in large changes in shear 
- forces, especially in noncompliant atherosclerotic blood 
Vessels. M aden idR paar en dothelial n can n be 











e: dinarily g reatest. Intima 25 will ben min- 
mized by routine i incorporation of these technical recom- 
5 mendations into surgical practice during BCE. 
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ities of platciets — the: 
piii otent 





plicity. early and late complications associated with its use 
persist. Myointimal hyperplasia as a delayed manifesta- _ 
tion of balloon-induced intimal damage may be prevented ~ 
by meciculous surgical technique, minimizing LWP and 


Gyneccl Obstet. 1963;116:241-244. 


mi emboli. Despite its sim- 





shear forces, which can damage the delicate arterial wall 
structure. 
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Human Immunodeficiency 
— Virus: Occupational Risk 
for Surgeons 


To the Editor. — We are worried that the 
estimates of risk of seroconversion pro- 
vided by Lowenfels et al! in the No- 
vember 1989 issue of the Arcnives will 
lead to unnecessary and extreme con- 
cern on the part of the great majority 
of surgeons. These estimates were 
used at a recent regional meeting to 
justify arecommendation for testing all 
preoperative patients. 
Our concern is based on the fact 
M that the authors took care to deter- 
mine the frequency of puncture in- 
juries in surgeons but estimated 
prevalence in the population to be 
5%. Prevalence in the population and 
frequency of punctures have an equal 
L effect on risk of seroconversion. The 
' authors do note that this is the prev- 
alence in patients with trauma in 
^ some inner city populations; how- 
ever, they do not indicate that this 
trate greatly exceeds the prevalence of 
4 infection with human immunodefi- 
| ciency virus (HIV) in the general pop- 
ulation. In a recent study we con- 
| ducted on unlinked samples from 200 
individuals evaluated for fertility 
"| problems, none had antibodies to 
| Hva? A number of larger studies 
- confirm that the rate of infection with 
^] HIV-1 is significantly less than 5%: 
-0.0139 in random blood donors,’ 
| 0.15% in military recruits,* and 0.21% 
in neonates in Massachusetts.° 
= Recalculation ofrisk based on these 
* rates of infections indicates that the 
| likelihood of infection for most sur- 
| geons is substantially less than sug- 
| gested by Lowenfels and colleagues. 
| The risk quoted may be overesti- 
mated by 20 to 400 times, depending 
jon the population. For example, if 
risk is recalculated based on the se- 
roprevalence in Army recruits (a 
| much higher prevalence than most 
surgeons are likely to encounter due 
to the age and sex of the population), 
tthe likelihood of seroconversion is 
ess than 0.1% over 30 years for the 
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overwhelming majority of surgeons 
in the United States. 

The “take-home” message is that 
surgeons must estimate (or deter- 
mine) prevalence of HIV infection in 
their patient populations as well as 
their frequency of puncture injuries 
to estimate the possibility of serocon- 
version. 

Note. — The formula provided in the 
"Subjects and Methods" section of the 
publicaticn is incorrect. It should be a 
multiplication, not a p function: 
Risk — (probability of seroconversion 
after injury) x (prevalence of infection 
in the patient population) X (number 
of injuries per year) X (years of sur- 
gery in career). 

Monica S. Krigcer, PHD 
Jonn N. Kriecer, MD 
Seattle, Wash 


1. Lowenfels AB, Wormser GP, Jain R. 
Frequency of puncture injuries in sur- 
geons and estimated risk of HIV infec- 
tion. Arch Surg. 1989;124:1284-1286. 

2. Krieger JN, Ferra CA, Berger RE, 
Montana JP, Krieger MS. Office-based 
testing for antibody to human immuno- 
deficiency virus. J Urol. In press. 

3. Cumming PD, Wallace EL, Shorr JB, 
Dodd RY. Exposure of patients to human 
immunodeficiency virus through the 
transfusion of blood components that 
test antibody-negative. N Engl J Med. 
1989; 321:941-946. 





No. of Puncture 
Injuries per Year 


4. Burke DS, Brundage JF, Herbold JR, 
et al. Human immunodeficiency virusin- 
fections among civilian applicants for 
United States military service, October 
1985 to March 1986. N Engl! J Med. 
1987;317:132-136. 

5. Hoff R, Berardi VP, Weiblen BJ, 
Mahoney-Trout L, Mitchell M, Grady GF. 
Seroprevalence of human immunodefi- 
ciency virus among childbearing 
women. N Engl J Med. 1988;318:525-530. 


In Reply.—Krieger and Krieger be- 
lieve we have overestimated the cu- 
mulative risk of sereconversion re- 
sulting from puncture injuries among 
surgeons. Since our survey was con- 
ducted in the New York metropolitan 
area, a known epicenter of acquired 
immune deficiency syndrome, we es- 
timated the prevalence of HIV infec- 
tion in our patient population to be 
5%, an estimate based on a survey of 
the prevalence of HIV infection in an 
East coast urban center! and lower 
than the 10% prevalence rate of HIV 
infection observed in a recent study 
from an urban burn center.? 

We believe our published risk es- 
timates for acquiring HIV infection 
are realistic for surgeons in our region 
and for many other urban centers, 
but we recognize that surgeons in 


Prevalence of HIV Infection 








*30-year cumulative risk calculated with the following formula: Risk = 1 —0.99589?*^*», in 
which n indicates estimated number of yearly injuries received; p, the proportion of HIV-positive 
patients in the population; and 1 — 0.9958 — 0.0042, an estimate of the probability of serocon- 
version after a single percutaneous exposure to HIV-positive blood.* HIV indicates human 
immunodeficiency virus. 

tFor example, if a surgeon sustains four puncture injuries per year and the estima*ed prevalence 
of HIV infection in the population is .01 or 1 per 100, then the estimated cumulative 30-year 
risk of acquiring HIV infection is .005, or five chances in 1000. 
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mate the rumala ative 30- year risk of 
acquiring HIV infection asa function 
frequency of injury and prevalence 
JIV infection. 

ower function i is correct for de- 
"ning the probability of at | 
event? and is the 1 method em- 
yed by the Centers for Disease 
ontrol to Gerive estimates of HIV in- 
ion following needlestick inju- 
ries. However, within the limits of 
our data, the method suggested by 
-. Krieger and Krieger will give nearly 
< identical results. 

z Apert B. Lowenreis, MD 
RAJESH TAIN 

Gary P. Wormser, MD 

~ Valhalla, NY 
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Acute Malignant 
Obstruction of the 


Left Colon: 

An Indication 

ər Total Abdominal 
Colectomy? 











To the Editor.—We read with interest 
the article by Walsh et al! concerning 
the quality of life after total abdom- 
inal colectomy (TAC). Although their 
patients ranged in age from 30 to 87 
years (mean age, 61 years) and only 
6.5% of the patients in the series un- 
derwent emergency TAC, we would 
like to emphasize that their results 
and conclusions are also applicable in 
the management of older patients 
with acute malignant obstruction of 
the left colon, which has become an 
increasingly recognized indication 
for TAC. 

During a 4%-year period at the 
Royal Gwent Hospital, Newport, 
Gwent, United Kingdom, 63% of pa- 
tients undergoing immediate resec- 
tion for acute left-sided malignant co- 
lonic obstruction underwent radical 
subtotal or total colectomy.- These 
patients ranged in age from 50 to 88 
years (mean age, 73 years) and were 
compared with a group of patients 
undergoing more conventional man- 
agement. Mortality was 3% in pa- 
tientsundergoing TAC and there was 
a significant difference between the 
groups in both the incidence of post- 
operative complications and the 









length of kosnik stay, a finding 
agreement with other groups thatad 
vocate this form of management. 

Similar to the findings of Walsh. 
al,! we found that the majority of ou 
patients had good to excellent re 
sults. Moreover, none were regular! 
using antidiarrheal medication any 
none were incontinent. Fu 
more, all patients were grateful 
have been spared a colostomy, es; 
cially those who had evidence 
residual/metastatic disease for whic 
the restoration of bowel continuity i 
not often considered. 

The survival of patients with acut 
malignant obstruction is certain! 
poorer than those with nonobstruct 
ing cancers, and this may be due, i 
part, to the increase in local recur 
rence seen in these patients even afte 
curative resection.? In the left colon 
survival may be improved by per 
forming TAC. We await with interes 
the results of prospective controllec * 
studies. 5 

B. M. SrerHENSON, FRCS 

R. A. Faroux, FRCS 

Newport, Gwent, 
United Kingdom 

1. Walsh RM, Aranha GV, Freeark Ry 
Mortality and quality of life after total abe 
dominal colectomy. Arch Surg. 
1990 ; 125: 1564-1566. 

2. Stephenson BM, Shandall 
Farouk R, Griffith G. Malignant left-side 
large bowel obstruction managed bv 
subtotal/total colectomy. Br J Surg 
1990; 77 :1098-1102. 

3. Serpell JW, McDermott FT, Ke 
trivessis H, Hughes ESR. Obstructing c. | 
cinomas of the colon. Br ] Surg. 
1989;76:965-969. s 



































































Correspondence and Brief Communicati 





Current Critical Problems 
in Vascular Surgery, 
Vol 2 


"dited by Frank J. Veith, 475 pp with 
illus, St Louis, Mo, Quality Medical Pub- 
lishing Ine, 1990. 
. Dr Veith indicates that the purpose 
«of "this volume is to provide clinical 
- summaries and analyses of these de- 
- velopments as part of a general over- 
_ view of the current state of the art in 
vascular surgery." This goal was ad- 
E mirably achieved by his inviting an 
‘impressive group of speakers to 
resent their approaches to the solv- 
ing of difficult vascular surgical prob- 
lems. 

The text contains 11 sections. The 
first section contains chapters dealing 
with "issues" and "advances" in 

_ problems of coagulation, intimal hy- 
perplasia, endothelial seeding of vas- 
cular grafts, diagnosis related group 
reimbursements for limb salvage, ar- 
terial reconstructions, magnetic res- 
onance, angiography, and the impact 
of genetic engineering on vascular 
disorders. Section II contains nine 
chapters devoted to “progress” in the 
treatment of lower extremity is- 

chemia. These chapters review the 

_choice of graft materials and the re- 

ults obtained with their operative 
echniques, importance of vein graft 
size, the use of warfarin anticoagu- 
lation, the role of distal arteriovenous 
fistulas, and the early detection and 
treatment of failing grafts. 

The third section is devoted to 
“new horizons” in the treatment of 
venous disorders. It contains six 
chapters on lower extremity venous 
repair, incidence of and prophylaxis 
for pulmonary embolism, color du- 
pes imaging in venous reflux, valvu- 
ar reconstructive procedures in 
chronic venous insufficiency, and 

treatment of varicose veins of the 

_ vulva and upper thigh. 

__ The fourth section is devoted to en- 

dovascular surgery and reviews 
treatment with lasers and atherec- 

_tomy devices. It includes chapters on 

transluminal angioplasty, laser an- 
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gioplasty, smart lasers, hot-tip laser- 
assisted balloon angioplasty, the 
Simpson atherectomy catheter, and 
the Kensey endovascular atherec- 
tomy device. 

Section V discusses renal revascu- 
larization in the azotemic patient, the 
surgical significance of multiple 
nonatherosclerotic aneurysms of the 
aorta and its visceral branches, the 
transabdominal exposure of the para- 
renal and suprarenal aorta by medial 
visceral rotation, recurrent aneu- 
rysms of the aorta, the value of ul- 
trasound in determining size of the 
aortic aneurysm, and effects of phar- 
macologic agents on aneurysm dis- 
ease. 

Section VI deals with special prob- 
lems in aortic and aortoiliac aneu- 
rysm surgery. The first d dis- 
cusses the role of arteriography of the 
axillary and subclavian arteries in 
axillofemoral bypass. The next chap- 
ter details a bypass from the ascend- 
ing aorta to the femoral arteries in se- 
lective patients. Leather et al next 
discuss their retroperitoneal ap- 
proach with exclusion and bypass for 
treating the abdominal aortic aneu- 
rysm. The causes and prevention of 
spinal cord ischemia are presented. 
These chapters are followed by re- 
ports on the mortality and morbidity 
associated with abdominal aortic an- 
eurysm repair, a comparison of aor- 
tofemoral and femorofemoral bypass 
for iliac artery occlusive disease, 
treatment of gastrointestinal and bil- 
iary tract lesions during aortic sur- 
gery, and ureteral changes after aor- 
tic surgery. 

Section VII contains four chapters 
on the perioperative treatment of pa- 
tients undergoing vascular surgery. 
The first chapter discusses methods 
to evaluate coronary artery disease in 
these patients. The next chapter re- 
views the impact of a recent myocar- 
dial infarction on infrainguinal or 
extra-anatomic arterial operations. 
The third chapter discusses the inten- 
sive care unit treatment of patients 
who underwent vascular surgery, 
and tne final chapter presents a dis- 
cussion of the evaluation and treat- 


ment of patients with combined ca- 
rotid and coronary artery disease. 

Section VIII contains one chapter 
on angioscopy and five on throm- 
bolytic therapy. These five chapters 
discuss the role of thrombolytic ther- 
apy administered percutaneously 
and intraoperatively for failed grafts 
and for thromboses in native vessels. 

Section IX contains three chapters 
on supra-aortic trunks and the tho- 
racic outlet. The first chapter dis- 
cusses reconstruction of the supra- 
aortic trunks. The next chapter is 
devoted to the thoracic outlet syn- 
drome, and the final chapter dis- 
cusses thrombosis of the subclavian 
vein. 

Section X is devoted to “new con- 
cepts.” The first chapter increases our 
understanding of the hemodynamic 
conditions that accompany arterio- 
venous fistulae. This is followed by a 
description of chronic compartment 
syndrome, the diagnosis and treat- 
ment of reflex sympathetic dystro- 
phy, and angioplasties of bypass 
grafts. 

The final section reviews cere- 
brovascular problems, and discusses 
the treatment of carotid kinks, coils, 
and fibromuscular disease and the re- 
sults of carotid endarterectomy in pa- 
tients with contralateral carotid oc- 
clusion, with high-grade internal 
carotid artery stenoses, and with res- 
tenoses. The role of patch angio- 
plasty is discussed, as is the role of 
“stump” pressures. The role of du- 
plex scanning in the preoperative pe- 
riod is reviewed. The remaining 
chapters deal with the future of the 
extracranial-intracranial bypass sur- 

ery, the surgical approach to the 

igh carotid lesions, staging for cor- 
onary bypass and carotid endar- 
terectomy, and an update on trials 
evaluating symptomatic carotid en- 
darterectomy. 

This text contains an enormous 
amount of material presented in a 
concise format. The text allows the 
reader to remain abreast of changes 
and provides references that facilitate 
a review of the literature. The volume 
is written and illustrated nicely. It 
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useful to all students 
ers and will help all 
nt in our under- 
disorders. 

















d by Heinz H. Bohmert, Henry 

atrick Leis Jr, and lan T. Jackson, 521 pp 
With :llus, $135, New York, NY, Thieme- 
Stratton Inc, 1989. 


In the 1990s, general surgeons 
must have a working knowledge of 
“breast conservation” surgery, sub- 
cutaneous mastectcmy, and applica- 
ble methods availabe for reconstruct- 
ing the breast. Similarly, plastic 
surgeons involved in breast onco- 
logic surgery must be knowledgeable 
about the diagnosis, prognosis, and 
treatment of the disease. This book 
combines, im moderate depth, mate- 
rial from both disciplines of general 
surgery and plastic and reconstruc- 
tive surgery. 

. . . This large volume of material is cov- 
— fers. The editors are to be commended 
|. on a fine textbook that contains con- 
.. tributiens from 126 distinguished au- 
thors throughout the world. They 
have done an excellert job of present- 
ing material in one of che most contro- 
.versial areas in surgery today. 
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cer. These chapters are a brief but ad- 
equate review of the fundamental 
principles of this disease. The infor- 
mation is well referenced and current 
to 1989. 

The next 13 chapters review the 
worldwide experience w th segmen- 
tal mastectomy. The authors summa- 
rize the results of the National Sur- 
gical Adjuvant Breast and Bowel 
Project (NSABP trials B-04 and B-06); 
and the Milan, Italy; Cleveland 
Clinic, Ohio; Basel, Switzerland; Ber- 
lin, Germany; and M. D. Anderson 
Cancer Center, Houston, Tex, expe- 
riences. Each chapter details the clin- 
ical methods and provides statistical 
analysis of recurrence ard survival 
rates. Black-and-white photographs, 
tables, graphs, and charts are abun- 
dant and clearly reproduced. We 
found it most useful to have this in- 
formation contained in a single ref- 
erence. 

The reader will find some redun- 
dancy between chapters, but overall 
this repetition seems helpful in recall- 
ing the intricate details of these com- 
plated clinical trials. Issues regard- 
ing the role of radiotherapy, chemo- 
therapy, specific contraindications, 
risks, and complications ase all cov- 
ered in detail. 

The remainder of the text repre- 
sents its greatest strength and pro- 
vides a thorough review of recon- 
stractive surgery of the breast. 








The first section gives a general | 
:»verview of the epiderniology, pa- 


pe and prognosis cfbreastcan- and others clearly outline we 








tributions from Bostwick, Geo 
iade, Hartrampf, Maillard, Wood 














illustrated technical information th 
is supported with clinical phot 
graphs. The use of tissue expander 
myocutaneous flaps, and immedia 
and delayed reconstruction area 
scribed. Another controversia 
of breast surgery, subcutaneous 
tectomy, is addressed by sever: 
thors and is perhaps better cov 
this textbook than in any other ea 
accessed source. This section will 
most useful for those interested 
gaining a solid introduction to av. 
able techniques used in breast reco: 
struction. S 
Other areas briefly discussed ing 
clude the psychological effects o 
mastectomy and breast reconstru 
tion, surgical management of benig 
breast lesions, reduction mammc . 
plasty, and mastopexy. IN 
Breast Cancer: Conservative and Ri 

constructive Surgery provides an infor | 
mative, in-depth look at the theory : 
and clinical experience with breas 
conservation surgery and is an excel 
lent guide to reconstructive surger _ 
of the breast. This textbook allow 
general and plastic surgeons to stud _ 
critical and controversial areas |. . 
each others’ specialty and will ser __ 
as a solid reference for our nonsi 
gical colleagues as well. i 

Gait 5. Lrsovic, MD 

Donain R. Laus, MD 

Stanford, Calif 
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NEW HAMPSHIRE: General surgeon to join two 
other general surgeons in a well-established, eight- 
member multi-specialty group, adjacent to new 92- 
bed hospital in beautiful White Mountain region of 
northern New Hampshire. Send CV to: Administra- 
tor, St. Luke Medical Center, PA, 7 Page Hill Road, 
Berlin, NH 03570. Telephone: (603) 752-7750. 


NORTH PLATTE, 
NEBRASKA 


General surgeon with one-five years experience 
to join two busy general surgeons in community 
of 23,000 with patient base of 100,000. Enjoy 
beautiful area lakes, hunting and fish: ng. Excel- 
lent environmert for family. School system has 
achieved many honors and college provides 
post-secondary and advanced degree pro- 
grams. Complete benefit package including 
income guarantee. 


Marcia Norrie 
Great PLAINS REGIONAL MEDICAL CENTER 
601 West Leota, North Platte, NE 69103 
(800) 762-7090 





GENERAL SURGEON - Three Montana community 
hospitals and eight practicing family physicians are 
jointly recruiting a BC/BE general surgeon. This 
opportunity is just a few miles from the Bob Marshall 
Wilderness Area and Glacier National Park. Solo 
practice with start up cost assistance or salaried 
position available. Contact: Carl Hanson, Administra- 
tor of Pondera Medical Center in Conrad, Montana, 
(406) 278-3211. 


BC/BE GENERAL/VASCULAR SURGEON. Tho- 
racic experience or desire to train. Multi-specialty 
group. Start 1991 or 1992. Contact: David Manke, 
MD, West Side Clinic, SC, Post Office Box 19070, 
Green Bay, WI 54307-9070. 


WANTED: BE/BC general surgeon with interest and 
experience in non-cardiac thoracic surgery; or tho- 
racic surgeon who enjoys general surgery; to 
assume practice of retiring double boarded thoracic/ 
general surgeon. Thirty-six member multi-specialty 
group in dynamiz area hub city of 35,000 with six 
satellite offices in strategic locations, and referral 
area of 300,006 plus. Superb hospital facilities, 
including CT, MRI, cardiac surgery, neuro-surgery, 
etc. Directed towards those concerned about quality 
family lifestyle amd professional concerns. Contact: 
Recruitment Coordinator, Park Clinic, 890 North 
Eisenhower Averue, Mason City, IA 50401, or dial 
(800) 798-4321 fer more information. 


GENERAL/VASCULAR SURGEON: Excellent oppor- 
tunity for a BC/BZ vascular surgeon with secondary 
interest in genera! surgery to join extremely active 
practice as the second surgeon. Affiliation with two 
teaching hospitals in Long Island. Excellent compen- 





sation and bonus package, progressing to partner- 


ship. Please send your curriculum vitae to: Renato 
B. Berroya, MD, Long Island Surgical Specialists, 
PC, 639 Port Washington Boulevard, Port Washing- 
ton, NY 11050. 


BC/BE GENERAL SURGEON: North Georgia. Busy 


practice available immediately at twenty-six physi- 
cian multi-specialty partnership. Benefits include 
vacation, CME time off with budget, malpractice 
insurance, healt insurance, retirement plan. Well 
equipped hospita, 100,000 population referral area. 
1% hour drive northeast of Atlanta. Bordered by Blue 





Ridge and Appalachian Mountain chains and shores 


of Lake Hartwell. Send CV: Deborah Gibby, Recruit- 
ing Coordinator, 300 East Doyle Street, Toccoa, GA 
30577. 





GENERAL SURGEON: BC/BE to-join busy solo sut- 
geon in northwest guif coast F lorida town. Send i ; 
Box 4925, c/c AOS. | 


WANTED: GENERAL SURGEON (BC/BE) ta. jain 
busy general surgeon in Finger lakes region of. 
upstate New York. Send CV to: Box 927, c/o AOS 


SURGERY - GENERAL: Scenic northern New. 
Hampshire seeks BC/BE genera! surgeon for $30: 
practice. JCAHO accredited haspital in four-season 
resort area offers challenging practice requiring gen- 
eral, C-section, laparoscopic cholecystectomy an 
endoscopy skills. Attractive financial package an 
excellent quality of life. Contact: D. Howard, Upge 
Connecticut Valley Hospital, RFD#2, Box 13, eel 
brook, NH 03576. (603) 237-4971. 


EXCEPTIONAL PARTNERSHIP opportunity with Tos 
highly successful and respected general/vascular | 
surgeon. Cardidate must have recent vasculartrein- | 
ing or experience. Beautiful, midwestern community. 1^ — 
of 20,000 has a four-year state university. Highly- {oo 
regarded, 155-bed hospital provides all necessary | 
services. Enjoy low cost of living, excellent lifestrle, |] o. 
and wholesome, family-oriented recreational end] - 
cultural amenities. $140,000 salary plus bonus with 1. — 
no buy-in for partnership. Please respond quickly | - 
Send CV or call: Todd Dillon. Jackson and Coxer. | 
Inc., 115 Perimeter Center Place, Suite 380 10651, 1. 
Atlanta, GA 30346. Telephone: (800) 544-1987. | 


Humana has 


the right locations. 


















































Group, associate and soloopportunities are 
available in a variety of settings. Here are a. 
few to pick from: 
Colon and Rectal Surgeon Orthopedic Surgeons 


Denver, CO Alabama 

General Surgeons Phoenix, AZ 
Central Florida Central Florida 
South Florida South Florida ; 
Newnan, GA Atlanta, GA (area) - 
Natchez, M$ Codge City, KS 
Greenbrier Valley, WV Louisa, KY 
Neurosurgaons Somerset, KY 
Montgomery, AL Springhill, LA. | 
Dodge City, KS Chattanooga, TN = 
Layton, UT Morristown, TN 
Greenbrier Valley, WV Beaumont, TX 
Otolaryngelogists Richlands, VA 
Alabama Plastic Surgeons — 
Kissimmee, FL Muscie Shoals, ALS 
South Florida Urologists 

Louisa, KY Denver, CO 
Somerset, KY Orlando, FL 
Louisiana Augusta, GA 
Natchez, MS Louisa, KY 

Layton, UT Ville Platte, LA 
Bluefield, WV Abilene, TX 


Greenbrier Valley, WV College Station, TX. 


Call TOLL-FREE 1-800-626-1390, or send. 
curriculum vitae to: Manager | 
Relations, Humana ine., Dept. Q 
1438, Louisville, KY 40204-4438. 


umana 






-|| offer four season recreational 
11. opportunities. 
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BC/BE general surgeons to join 
two general surgeons practicing 
in rural Arizona resort communi- 
ty. Beautifu! White Mountains 


ain PERRET BEAN RESTS BA PORATED MÁS RES ID 


C -Practice includes broad spectrum 


of general surgery including criti- 
cal care, trauma care and surgical 
endoscopy. 


general surgeot 
associate with busy s 
bed progressive "community pibe Practice 


arrancement to be decided on mutually acceptable 


basis. . Please send CV to: Box #928, c/o AOS. 


SURGERY — VASCULAR, University trained BC/BE 


to join busy ceneral surgeon witn practice dedicated 
to one hospital with enthusiastic support of medical 
staff. Excellent opportunity for growth. Generous 
package. Northeastern metropolitan area. Direct 
replies to: President, Nesbitt Memorial Hospital, 562 
Wyoming Avenue, Kingston, PA 18704. 


GENERAL SURGERY opportunity in Princeton, 
Kentucky. One hour from Nashville, Tennessee, 
Evansville, Indiana, and Paducah, Kentucky. Com- 
munity of 10,900 is looking for colo general surgeon 
with coverage. Located on Kentucky Lake and Lake 
Barkley. 50-bed hospital recently completed $2 mil- 
lion renovation adding three CR suites. Excellent 
income guarantee. Interviewng and relocation 
expenses paid. Send CV or call Greg Pilgrim, Jack- 
son and Coker, inc., 115 Perimeter Center Place, 


| Suite 380 16692, Atlanta, GA 30346. Telephone: 


Please send CV to: 


| (800) 544-1987. 


| GENERAL AND VASCULAR SURGEON to join a 
| busy, four surgeon practice or Long Island, New 


William J. Waido, MD, FACS 


| York. Must have at least one year of vascular fellow- 


. ship. Excellent financial benefits and early partner- 


White Mountain 
Surgical Specialists 


: ship. Send CY to: South Shore Surgical Specialists, 
| 786 Montauk Highway, West Islip, NY 11795, 


: SOUTHERN MAINE ~ BE/BC general surgeon 





| sought to assume practice of prysician who is relo- 


-2650 East Show Low Lake Road 
Suite 2 
Show Low, AZ 85901 





+ 


poma. 1 


e General Surgeons ə Peciatric Surgeons 
e Orthopedic Surgeons e Neurosurgeons 
_ * Vascular Surgeons e Head & Neck Surgeons 





TM bus PP KC Fe 


of Choice 


s Southern California Permanente Medical Grou» 

- (SCPMG) is recognized as the nation's largest and most respected physiciar- 
managed, multi-specialty medical group. Our continued growth has created new 
practice opportunities throughout Southern California for: 


| cating. Smal) but progressive community hospital 
: approximately thirty minutes from Portland and twen- 
| ty minutes from the coast. Superb quality of life. For 
; additional information, contact: Deluca and Associ- 
| ates, t5 Simpson Lane, Falmouth, MA 02540. (508) 
* 457-1150. 
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co, CA 94115. 


GENERAL SURGEON | 


BC/BE general surgeon with thoracic and/« 
vascular interests to join busy, well-establish 
four-person surgical group. Well-rounded med 
cal community has service area of 100,000. Ti 
city offers a variety of educational and cultur 
opportunities due to the presence of Cornell Un 
versity, and recreational activities are abundat 
Please send CV to: 





Surgical Associates of Ithaca, P.C 


1301 Trumansburg Road X 
Ithaca, New York 14850 - 


IMMEDIATE OPENING for board-eligible/-certifie 
surgeon at progressive VA Medical Center located. 
the north Florida area which offers excellent climat: 
year round, extensive outdoor recreational activities: 
lower than average cost of living, fine schools an 
nearby universities, local community college, r 
state income tax, and uncongested commuting . 
and from the medical center. Applicants should repi: 
to: Chief of Staff, VA Medical Center, Lake City, F. 
32055-5898. Telephone: (904) 755-3016, Extensio 
2011. Equal opportunity employer. GENERAL SUF 
GEON: BC/BE to join busy solo surgeon in north 
west Ps coast Florida town. Send CV: Box #926 
c/o A 


BC/BE GENERAL SURGEON with vascular iellow 
ship to join busy New York City practice. Excelen 
salary and benefits with potential for partnershir: 
Send CV and references to: Main P.O. Box 58; Pus 
chase, NY 10577. 















COLONAND Žž 

RECTAL SURGEON 
DENVER, 

COLORADO 


There is now Ua tractive private E 
practice opp: unity for a Colon | 
and Rectal Surgeon in a high-growth » 

suburb of Denver.” 


A weil-established and respected Bil- 
iary Tract Surgeon, practicing here for 
the past 10 years, is seeking a Colon: 
-and Rectal Surgeon to join him. in 1* 
‘developing a gastrointestinal surgi- 
cai center. Our 200-bed hospital, 
which is located adjacent to his office, 
is prepared to provide funds for cli 


Experience the freedom to focus on your outstanding surgical skills rather than 
. administrative duties. We provide you the freedom, technology and resources to 
“focus on quality patient. care, the collaborative support of knowledgeable 
3 coii eagues and the op opportunity to make a significant contribution to your field. 


compensation and benefits xackage includes: 
e ice and. income e Paid ecucational and sabbatical leaves 
- Professional liability insurance e Comprehensive retirement plans. 


Send your curriculum vitae to: Irwin P. Goldstein, N.D., Associate Medicel 
.. Director, SCPMG, Dept. 018, Walnut Center, Pasadena, CA 91188-8013. 
. Or cali: (800) 541-7946. 















NW AN Souther! California Paranente 
: l . Medical Group 
Partners Practicing Good Medicime 









<f the Rocky Mountain area fits yo 


lifestyle, and the opportunity to! 
the cutting edge of medicine in the 


E ^ 
* Ae w 
Cal 















ical research in this field. 


community meets your professional - 
goals, then send your curriculum vitae 
to: Gordon Crawford, Senior Man- 
ager, Professional Relations, Humana . 
inc., Dept. OO-6A, 500 West Main | 
Street, Louisville, KY 40201-1438. Or. 
catt TOLL-FREE 4-800-626-1590. E 


zlumana* 























ne hour of the Olympic-Lake 
pahan For more details or to 













ascular practice in Philadelphia, pisei thane 
qus st have fellowship. Send CV to: Box #929, c/o 












unity to aiei Basile surgery 
is. The community cf Artesia is 
uthisastern New Mexico and enjoys an 
limate. Artesia General Hospital is a 38- 
i acility i ina family-oriented, supportive communi- 
there is just the right need for a general surgeon; 
al practice physician. If interested in learning 
4 portunity, please send your CV to: 
NI ician Recruitment, Presbyterian 
ithcare Serices, P.O. Box 26666, Albuquerque, 
os. call: (800) 545-4030, Extension 6320. 
A 


! COLORADO is a beautiful southwestern 
orado community nestled between Grand Mesa, 
largest flat-top mountain in the world, and Black 
vanyon to the south. General surgeon can step into 
Published practice supported by excellent 49-bed 
0 . Please send your CV to: Bill Norris, Physi- 
an Recruitment, Presbyterian Healthcare Services, 
O. Box 26666, Albuquerque, NM 87125. Or call: 
)) 545-4036, Extension 6320, to discuss practice 
'etails and guarartee. 


PLEASE NOTE - Address replies to box number 
ids as follows: Box number... ... , c/o AOS, 
" .Box ii Clearwater, FL 34617, 
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: iuo SECTION 
HEAD k NECK SURGERY 


s Fox Chase Cancer Center, a com- 
rehensive NCI designated cancer 
«center, has an assistant or associate 
| professor level, ‘tion available in 
. the Head. & Neck: ction of our Sur- 
gical Oncology Department. 














lesponsib lities will include clinical 
jatient cere and clinical research 
Ind participation in the training of 

re ellows. This position will 
"academic appointment 
le University school of 
nterested candidates must 


hip trained in head and 





ulum vitae to: Burton L. Eisenberg, 
Y FACS. Acting Chairman, Depart- 
ent of Surgical Oncology, 


4 Burhoime Avenue 
adeiphia, PA 19111 


Opportunity Employer 


BC/BE GENERAL SURGEON with vascular experi- 


ence desirable to join a busy five-person single spe- 
cialty group in midwest metropolitan area. Affiliated 
with two 300-bed hospitals. Generous compensation 
package and full partnership opportunity. Send CV 
to: Administrator, Cape Girardeau Surgical Clinic, 
#10 Doctors’ Park, Cape Girardeau, MO 63701. 





LOCUM TENENS GENERAL SURGEONS - Let a 
carefully screened, credentialed, insured colleague 
trom the CompHeaith locum tenens medical staff 
cover your practice the next time you have to be 
away, or while you recruit a new associate. Comp- 


Heaith locum tenens — the physician you need, just 


when you need ore! Call today: (800) 453-3030. 





CALIFORNIA LICENSED 
GENERAL SURGEON 
Completed general surgery training overseas with addi- 
tional preliminary surgical training in the United States. 


Served as Assistant Professor, Fellow of the Roval Col- 
lege of Surgeons, United Kingdom (FRCS), Seeking job 
as surgical assistant. Carry own malpractice insur-ance, 
Call: Dr. Meligy, (213) 559-1653. Or write to: 
10900 Rose Avenue, #9, Los Angeles, CA 90034. 





We Target The Physician 
You Want! 


The Archives of Surgery's classified recruitment advertising section is seen 
by precisely the physician you need — general surgeons, plastic surgeons = 
plus other surgical subspecialties. A total targeted physician audience of 


almost 40,000. 


THE DEPARTMENT OF SURGERY at the Univers- 
ty of California, Davis seeks a full-time academic | 
surgical oncologist. The level of appointment will be | 
commensurate with qualifications. Applicants must 
be either board-eligible or board-certified in general 
surgery with expertise in teaching, research and sur- 

gical oncology. A letter outlining research and teack- 
ing background, a curriculum vitae and bibliography, 

along with the names of three references shoud be. 
forwarded to: James E. Goodnight, Jr., MD, PhD, 

Department cf Surgery, University of California, | 
Davis, 4301 X Street, Sacramento, CA 95817. This | 
position will remain open until filled. However, appi- | 
cations will not be accepted after August 1,199. 1 
The University of California is an affirmative de 


actiorvequal opportunity employer. 


THE DEPARTMENT OF SURGERY at the Universi- . 

ty of California, Davis seeks a full-time academic 
vascular surgeon. The level of appointment will 
commensurate with qualifications. Applicants m 
be either board-eligible or board-certified in gene 
surgery with expertise in teaching, research and vas 
cular surgery. A letter outlining research and teac 
ing background, a curriculum vitae and bibliograp 
along with the names of three references should 5 
forwarded to: F. William Blaisdell, MD, Professor and 
Chairman, Department of Surgery, University of Cali- - 
fornia, Davis, 4301 X Street, Sacramento, GA 
95817. Applications will not be accepted afer | 
August 1, 1991. The University of California is an |. 
affirmative action/equal opportunity employer. 














Send your order today. Just complete the coupon below and attach your 
typewritten copy. The next available issue is August which closes Tuesday. 


June 25th. 


The classified rate is $1.70 per word for one issue. For three issues or more; 


the rate is $1.55 per word per issue. Minimum classified ad is 20 words. 
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Please insert my ad 
Place my ad under the heading 


Enclosed is my check for $ 
payment of my advertising schedule. 


Institution 
Contact Ferson 
Address 
City State 


Area Coce & Telephone Number 


Authorized Signature 


Send all copy and payments to: 
ARCHIVES 
OF 
Surgery 


Classified Department, P.O. Box 1510, Clearwater, Florida 34617 
National (800) 237-9851 e Local (813) 443-7666 


— —— — times, beginning with the 
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to cover full 


Zip 











. If you're looking 


. foranswers, 
you'll find them 


- in Chicago. 


. Reg ister today! 

















Attend the AMA sponsored “Rural Health Care: Strategies to Increase Access "1 ] 


conference and play an active role in the rural health debate. 


Over three days, you can pinpoint the key issues ... analyze the challenges ... . 
and help determine solutioas to rural health care problems. 


You will: 


* Learn about joint-venture and affiliation strategies that benefit 
rural physicians and hospitals. 


* Discuss approaches to reducing payment disparities between urban 
and rural health professionals 


* Debate topics such as protessional liability and the role of 
mid-level practitioners 


In this highly interactive conference, you can have a voice in national policy: 
debates. You'll participate in general sessions, discussion groups and concurrent 
"break-out" sessions. You'll aave the opportunity to help formulate recommen 
dations that will contribute to national rural health policy. 


When it comes to finding solutions to rural health problems, you can be 
adecision maker. But first, you have to make the decision to join your 
colleagues at "Rural Health Care: Strategies to Increase Access." 


To attend, call toll-free now. 1-900-621-8335 


American Medical Association National Conference on 
Rural Health Care: Strategies to Increase Access. 
September 13 - 15, 1991 

The Hyatt Regency Hotel 

Chicago, Illinois 


AMA Member fee: $245 
Nonmember fee: $295 
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due to indicated organisms 


Javenous or Inbamuscular Use 
SUMMARY 


ATMENT. CEFÜTAN* (cefotetan disodium) is indicated for the therapeutic treatment of the 
infections when caused by susceptible strains of the designated organisms: 

rst infections caused by £ coli, Klebsiella species (including K pneumoniae), Proteus 
4 and Proteus so (which may include the organisms now called Proteus vulgaris, Providencia 
ger, and Morganelfs maerganii). 
wer respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumonias, 
Iphyiococcus aureus (peniciilinase- and ee QU strains), Haemophilus influenzae 
cluding ampicillin-resistant strains), Klebsi £5 (including moniae), and E coll. 
qm and skin structure infections caused by s aureus (penicillinase- and nonpenicil- 
i j ] , Streptococcus pyogenes and 


S aureus." 
flicacy for this organism in this organ system was studied in fewer than ten infections. — 
_ Specimens for bacterisingical examination should he obtained in order to isolate and identify 

y USative organisms ard to determine their susceptibilities to cefotetan. Therapy may be instituted 

^. fore results of susceptibility studies are known; however, once these results become available, the 
tic treatment should be adjusted accordingly. 
Cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
pus infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
jcomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
be synergistic in vitre against many Enterobacteriaceae and also some other I gh bacteria. 

) COR UN án the labaiing of both antibiotics may be given and depends on the severity 

infection and the patient's condition. 
(TE: M CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
nitoréd, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
Jonged, because of the potential nephrotoxicity and eri d aminogtycosidic antibiotics. 
hough, to date, naphictozicity has not been noted when CEFOTAN was given alone, it is possible that 
:phrotoxici be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
: The preonecalive administration of CEFOTAN may reduce the incidence of certain 
astoperative infections in patients undergoing surgical srocedures that are classified as clean con- 
ated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- 
tathral surgery, billary tract E and gastrointestinal surgen 

“he prophylactic dosegi CE should be administered 30 to 60 minutes prior to surgery. In pa- 
els i a "ei section, CEFÜTAN should be administered intravenously after the clamoing 
There are signs and svmatoms of infection, specimens for culture should be obtained for identfica- 
of the causative organism so that appropriate therapeutic measures may be initiated. 


OTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 


CEFAN is instituted, careful should be made to determine whether the 
i m repaponter ins, 
caution ta any who has demonstrated some form of 
rag: to occurs, discontinue the drug 
ers ity reactions may require ie and other emergency measures. 
ibranou reported with the use of cephalosporins (and other broat 
leah; important to consider its diagnosis in patients who develop 


m antibiotics may alter normal flora of the colon and may permit ower- 
üicate a toxin produced by Clostridium difficile is one primary cause of 
i ramine and colestipol resins have been shown to bind the toxin in vitro. 
i. spond. to drug discontinuance alone. Moderate to severe cases shoulc be 
Gyo, and protein supplementation as indicated. When the colitis is not re- 
ot Or when it is severe, oral vancomycin is the treatment of choice for anti- 
fanous colitis produced by C difficile. Other causes should also be considered. 


FOR PATIENTS: As with some other cepha‘osporins, a disulfiram-like reaction 
flustit etn). headache, and tachycardia may occur when alcohol (beer, wine, 
| fe hours after CEFOTAN administration, Patients should be cautioned about the 


igh to date nephrotoxicity has not been noted when CEFOTAN was given 
ith aa 


rine creatinine levels by Jaffe reaction and produce false increases in the levels of 


(ES S, IMPAIRMENT OF FERTILITY: Although long-term studies in 
le PAN CUNEO potential, no mutagenic potential of 
eG laboratory tests. 
the testes of prepubertal rats. Subcutaneous administration of 
times the usual adult human dose) on days 5-35 of life (thought te be 





cefotetan disodium) 


In intra-abdominal and gynecologic infection 





IM/IV 





CEFOTAN® (cefotetan disodium) 


developmentally analogous to late childhood and av are in humans) resulted in reduced testicular ed 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia. 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were- Se 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animais was affected, and the degree of degeneration was mild. ü 
Similar lesions have been observed in experiments of comparable design with other methylthiotetrazéle- =. 
containing antibiotics and impaired fertility has been reported, particularly at high-dose levels, No EX 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kgiday SC for 5 WEeBkS. Of 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance af thase. 


findings to humans is unknown, 
Category B: Reproduction studies have been performed in ráts 





USAGE IN PREGNANCY: Pregnancy : 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired tert- 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and weil-controfled studiesin 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used nd nancy only if clearly needed. 

USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. Cau: 
tion should be exercised when cefotetan is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 


In clinical studies. the following adverse effects were considered related to CEFOTAN therapy. 

cepi cd ‘at occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80}-and uu 
nausea (1 in VE 
H ic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 2" 
positive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 
H enzyme elevations occurred in 1.296 of patients and included a rise in SGPT (1 in 150), SGOT 

1 in 300), alkaline phosphatase (1 in 700), and LOH (1 in 700). 

(1 Pero) ivit reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 

in 700). 

Local effects were reported in less than 1.096 of patients and included phiebitis at the site of injection 
(t in 300), and discomfort (1 in 500). During postmarketing experience with CEFOTAN, anaphylactic 
reactions and transient thrombocytopenia have been reported. 
DOSAGE AND ADMINISTRATION 


TREATMENT. The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper Wien and route of administration should be deter 
mined by the cond:tion of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 





Type of infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 900 mg every 12 hours 1V or IM 

1 or 2 9 every 24 hoursiV or IM 

1 or 2 g every 12 hoursaV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours iV or IM 
Severa 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours iV 


"Maximum daily dosage should not exceed 6 grams, 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin-- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be usec. 



















DOSAGE GUIDELINES FOR PATIENTS 
Creatinine Clearance WITH IMPAIRED RENAL FUNCTION 
ml/min Dose Frequency 
>30 Usual Recommended Dosage* Every 12 hours 
10-30 Usual Recommended Dosage” Every 24 hours 
<10 Usual Recommended Dosage" Every 48 hours 


*Dose determined " the type and severity of infection, and susceptibility of the causative organism. 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and. 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min 

When only serum creatinine levels are available, creatinine clearance may be calciilated-from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 


Males: MM MM 
72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of t^e usual recommended dose be given every 24 hours on days between dialysis. 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 


CEFOTAN is a dry, waite to pale yellow powder supplied in vials containing cefotetan disodium equiv - 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 gis ; 
available in 10 mL and 100 mi. viais, and the 2 g dose is available in 20 mL and 100 mi. vials. CETAN. 
is also available in a pharmacy bulk package of 10 g in 109 mL vials. The vials should not be stored at 
temperatures above and should be protected from light. 

ie in 10 mi. vial (NDC D 2 g in 20 mL via pa 0038-0377-20); 1 
(NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21); 10 g in 100 mL vial ( 


Manufactured for dom 


STUART PHARMACEUTICALS 
A business unit of ICI Americas Inc. 


Wilmington, Delaware 19897 USA Rev. 1 11/88 
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arithmetic. 





more cost-effective 
. than cefoxitin"? 





less frequent dosing 
than cefoxitin 


several times the half-life | 
of cefoxitin” ji | 
vio TELE 


n 


single-dose prophylaxis/ 
twice-daily treatment 







Count on 


CEFOTAN. 


icefotetan disodium | 


In intra-abdominal and gynecologic infectio 
due to indicated organisms 
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Please see adjacent page for brief summary of prescribing information. © 1989 ICI Ame 


